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Preface

This dictionary was originally derived from the Concise Science Dictionary, first
published by Oxford University Press in 1984 (fifth edition, retitled Dictionary
of Science, 2005). It consisted of all the entries relating to chemistry in this
dictionary, including physical chemistry, as well as many of the terms used in
biochemistry. Subsequent editions included special feature articles on
important topics as well as several chronologies tracing the history of some
topics and short biographical entries on the chemists and other scientists
who have been responsible for the development of the subject. For this sixth
edition the text has been fully revised and some entries have been
substantially expanded. In addition over 350 new entries have been added
covering all branches of the subject. The coverage of certain fields, in
particular biochemistry, forensic chemistry, and chemoinformatics, has been
expanded. A further improvement has been the inclusion of about 90
additional chemical structures.

An asterisk placed before a word used in an entry indicates that this word can
be looked up in the dictionary and will provide further explanation or
clarification. However, not every word that appears in the dictionary has an
asterisk placed before it. Some entries simply refer the reader to another
entry, indicating either that they are synonyms or abbreviations or that they
are most conveniently explained in one of the dictionary’s longer articles or
features. Synonyms and abbreviations are usually placed within brackets
immediately after the headword. Terms that are explained within an entry
are highlighted by being printed in boldface type.

The more physical aspects of physical chemistry and the physics itself will be
found in A Dictionary of Physics, which is a companion volume to this
dictionary. A Dictionary of Biology contains a more thorough coverage of the
biophysical and biochemical entries from the Dictionary of Science together
with the entries relating to biology.

SI units are used throughout this book and its companion volumes.
J.D.

2007






AAR See AMINO ACID RACEMIZATION.

AAS See ATOMIC ABSORPTION SPEC-
TROSCOPY.

abherent See RELEASE AGENT.

ab-initio calculation A method of
calculating atomic and molecular
structure directly from the first prin-
ciples of quantum mechanics, with-
out using quantities derived from
experiment (such as ionization ener-
gies found by spectroscopy) as para-
meters. Ab-initio calculations require
a large amount of numerical compu-
tation; the amount of computing
time required increases rapidly as
the size of the atom or molecule in-
creases. The development of comput-
ing power has enabled the properties
of both small and large molecules to
be calculated accurately, so that this
form of calculation can now replace
*semi-empirical calculations. Ab-
initio calculations can, for example,
be used to determine the bond
lengths and bond angles of molecules
by calculating the total energy of the
molecule for a variety of molecular
geometries and finding which confor-
mation has the lowest energy.

absolute 1. Not dependent on or
relative to anything else, e.g. *ab-
solute zero. 2. Denoting a tempera-
ture measured on an absolute scale,
a scale of temperature based on ab-
solute zero. The usual absolute scale
now is that of thermodynamic *tem-
perature; its unit, the kelvin, was for-
merly called the degree absolute (°A)
and is the same size as the degree
Celsius. In British engineering prac-
tice an absolute scale with Fahren-

heit-size degrees has been used: this
is the Rankine scale.

absolute alcohol See ETHANOL.

absolute configuration A way of
denoting the absolute structure of an
optical isomer (see OPTICAL ACTIVITY).
Two conventions are in use: The D-L
convention relates the structure of
the molecule to some reference mol-
ecule. In the case of sugars and simi-
lar compounds, the dextrorotatory
form of glyceraldehyde
(HOCH,CH(OH)CHO), 2,3-dihydroxy-
propanal) was used. The rule is as
follows. Write the structure of this
molecule down with the asymmetric
carbon in the centre, the -CHO
group at the top, the -OH on the
right, the -CH,OH at the bottom, and
the -H on the left. Now imagine that
the central carbon atom is at the cen-
tre of a tetrahedron with the four
groups at the corners and that the -H
and -OH come out of the paper and
the -CHO and -CH,OH groups go
into the paper. The resulting three-
dimensional structure was taken to
be that of d-glyceraldehyde and
called p-glyceraldehyde. Any com-
pound that contains an asymmetric
carbon atom having this configura-
tion belongs to the D-series. One hav-
ing the opposite configuration
belongs to the L-series. It is important
to note that the prefixes bD- and - do
not stand for dextrorotatory and
laevorotatory (i.e. they are not the
same as d- and I-). In fact the arbitrary
configuration assigned to D-glycer-
aldehyde is now known to be the cor-
rect one for the dextrorotatory form,
although this was not known at the
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R-configuration

S—configuration

R-S system. The lowest priority group is behind the chiral carbon atom

Absolute configuration

time. However, all b-compounds are
not dextrorotatory. For instance, the
acid obtained by oxidizing the -CHO
group of glyceraldehyde is glyceric
acid (1,2-dihydroxypropanoic acid).
By convention, this belongs to the D-
series, but it is in fact laevorotatory;
i.e. its name can be written as D-
glyceric acid or I-glyceric acid. To
avoid confusion it is better to use +
(for dextrorotatory) and - (for laevo-
rotatory), as in D-(+)-glyceraldehyde
and D-(-)-glyceric acid.

The D-1 convention can also be
used with alpha amino acids (com-
pounds with the -NH, group on the
same carbon as the -COOH group). In
this case the molecule is imagined as

being viewed along the H-C bond be-
tween the hydrogen and the asym-
metric carbon atom. If the clockwise
order of the other three groups is
-COOQH, -R, -NH,, the amino acid be-
longs to the D-series; otherwise it be-
longs to the 1-series. This is known as
the CORN rule.

The r-s convention is a convention
based on priority of groups attached
to the chiral carbon atom. The order
of priority is I, Br, Cl, SO;H, OCOCHj,
OCHjs;, OH, NO,, NH,, COOCHj,
CONH,, COCHj;, CHO, CH,0H, C¢Hs,
C,Hs, CH;, H, with hydrogen lowest.
The molecule is viewed with the
group of lowest priority behind the
chiral atom. If the clockwise arrange-
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abundance

ment of the other three groups is in
descending priority, the compound
belongs to the r-series; if the de-
scending order is anticlockwise it is
in the s-series. D-(+)-glyceraldehyde is
R-(+)-glyceraldehyde. See illustration.

absolute temperature See AB-
SOLUTE; TEMPERATURE.

absolute zero Zero of thermody-
namic *temperature (0 kelvin) and
the lowest temperature theoretically
attainable. It is the temperature at
which the kinetic energy of atoms
and molecules is minimal. It is equiv-
alent to -273.15°C or -459.67°F. See
also ZERO-POINT ENERGY.

absorption 1. (in chemistry) The
take up of a gas by a solid or liquid,
or the take up of a liquid by a solid.
Absorption differs from ADSORPTION
in that the absorbed substance per-
meates the bulk of the absorbing
substance. 2. (in physics) The conver-
sion of the energy of electromagnetic
radiation, sound, streams of particles,
etc., into other forms of energy on
passing through a medium. A beam
of light, for instance, passing
through a medium, may lose inten-
sity because of two effects: scattering
of light out of the beam, and absorp-
tion of photons by atoms or mol-
ecules in the medium. When a
photon is absorbed, there is a transi-
tion to an excited state.

absorption coefficient 1. (in
spectroscopy) The molar absorption
coefficient (symbol €) is a quantity
that characterizes the absorption of
light (or any other type of electro-
magnetic radiation) as it passes
through a sample of the absorbing
material. It has the dimensions of
1/(concentration x length). € is de-
pendent on the frequency of the inci-
dent light; its highest value occurs
where the absorption is most in-
tense. Since absorption bands usually

spread over a range of values of the
frequency v it is useful to define a
quantity called the integrated ab-
sorption coefficient, A, which is the
integral of all the absorption coeffi-
cients in the band, i.e. A = e(v)dv.
This quantity characterizes the inten-
sity of a transition. It was formerly
called the extinction coefficient. See
also BEER-LAMBERT LAW. 2. The vol-
ume of a given gas, measured at stan-
dard temperature and pressure, that
will dissolve in unit volume of a
given liquid.

absorption indicator See ADSORP-
TION INDICATOR.

absorption spectrum See SPEC-
TRUM.

absorption tower A long vertical
column used in industry for absorb-
ing gases. The gas is introduced at
the bottom of the column and the
absorbing liquid, often water, passes
in at the top and falls down against
the countercurrent of gas. The tow-
ers are also known as scrubbers.

ABS plastic Any of a class of
plastics based on acrylonitrile-
butadiene-styrene copolymers.

abstraction A chemical reaction
that involves bimolecular removal of
an atom or ion from a molecule. An
example is the abstraction of hydro-
gen from methane by reaction with a
radical:

CH, + X+ — H,C- + HX.

abundance 1. The ratio of the total
mass of a specified element in the
earth’s crust to the total mass of the
earth’s crust, often expressed as a
percentage. For example, the abun-
dance of aluminium in the earth’s
crust is about 8%. 2. The ratio of the
number of atoms of a particular iso-
tope of an element to the total num-
ber of atoms of all the isotopes
present, often expressed as a percent-
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age. For example, the abundance of
uranium-235 in natural uranium is
0.71%. This is the natural abundance,
i.e. the abundance as found in nature
before any enrichment has taken
place.

ac Anticlinal. See TORSION ANGLE.

acac The symbol for the *acetyl-
acetonato ligand, used in formulae.

accelerant A flammable material
used to start and spread a fire in
cases of arson. Petrol and paraffin are
the substances commonly used.
Traces of accelerant are detectable by
gas chromatography in forensic
work.

accelerator A substance that in-
creases the rate of a chemical reac-
tion, i.e. a catalyst.

acceptor 1. (in chemistry and bio-
chemistry) A compound, molecule,
ion, etc., to which electrons are
donated in the formation of a co-
ordinate bond. 2. (in physics) A sub-
stance that is added as an impurity to
a *semiconductor because of its abil-
ity to accept electrons from the va-
lence bands, causing p-type
conduction by the mobile positive
holes left. Compare DONOR.

accessory pigment A *photosyn-
thetic pigment that traps light en-
ergy and channels it to chlorophyll a,
the primary pigment, which initiates
the reactions of photosynthesis. Ac-
cessory pigments include the
carotenes and chlorophylls b, ¢, and
d.

accumulator (secondary cell; stor-
age battery) A type of *voltaic cell
or battery that can be recharged by
passing a current through it from an
external d.c. supply. The charging
current, which is passed in the oppo-
site direction to that in which the
cell supplies current, reverses the
chemical reactions in the cell. The

common types are the *lead-acid ac-
cumulator and the *nickel-iron and
nickel-cadmium accumulators. See
also SODIUM-SULPHUR CELL.

acenaphthene A colourless crys-
talline aromatic compound, C;,H;;
m.p. 95°C; b.p. 278°C. It is an inter-
mediate in the production of some
dyes.

Acenaphthene

acetaldehyde See ETHANAL.
acetaldol See ALDOL REACTION.

acetals Organic compounds formed
by addition of alcohol molecules to
aldehyde molecules. If one molecule
of aldehyde (RCHO) reacts with one
molecule of alcohol (R'OH) a hemiac-
etal is formed (RCH(OH)OR?). The
rings of aldose sugars are hemiac-
etals. Further reaction with a second
alcohol molecule produces a full ac-
etal (RCH(OR?),). It is common to
refer to both types of compound sim-
ply as ‘acetals’. The formation of ac-
etals is reversible; acetals can be
hydrolysed back to aldehydes in
acidic solutions. In synthetic organic
chemistry aldehyde groups are often

0 R

R% + RIOH —> 7,

H H OH
alcohol hemiacetal

OR'

aldehyde

R OF

H

hemiacetal

R OR'

+ R'OH —> 7,

-
& or

alcohol acetal

Acetals
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Acheson process

converted into acetal groups to pro-
tect them before performing other
reactions on different groups in the
molecule. See also KETALS.

[ (@) see wes Links J

¢ Information about IUPAC nomenclature
acetamide See ETHANAMIDE.

acetanilide A white crystalline pri-
mary amide of ethanoic acid,
CH;CONHC4Hs; r.d. 1.2; m.p. 114.3°C;
b.p. 304°C. It is made by reacting
phenylamine (aniline) with excess
ethanoic acid or ethanoic anhydride
and is used in the manufacture of
dyestuffs and rubber. The full sys-
tematic name is N-phenyl-
ethanamide.

acetate See ETHANOATE.
acetate process Sec RAYON.
acetic acid See ETHANOIC ACID.

acetic anhydride See ETHANOIC
ANHYDRIDE.

acetoacetic acid See 3-0x0oBU-
TANOIC ACID.

acetoacetic ester See ETHYL 3-
OXOBUTANOATE.

acetone See PROPANONE.

acetone-chlor-haemin test
(Wagenaar test) A *presumptive test
for blood in which a small amount of
acetone (propenal) is added to the
bloodstain, followed by a drop of hy-
drochloric acid. Haemoglobin pro-
duces derivatives such as haematin
and haemin, forming small charac-
teristic crystals that can be identified
under a microscope.

acetonitrile See ETHANENITRILE.

acetophenone See PHENYL METHYL
KETONE.

acetylacetonato The ion
(CH3COCHCOCHS,), functioning as a
bidentate ligand coordinating

through the two oxygen atoms. In
formulae, the symbol acac is used.

acetylating agent See ETHANOY-
LATING AGENT.

acetylation See ACYLATION.

acetyl chloride Sec ETHANOYL
CHLORIDE.

acetylcholine A substance that is
released at some (cholinergic) nerve
endings. Its function is to pass on a
nerve impulse to the next nerve (i.e.
at a synapse) or to initiate muscular
contraction. Once acetylcholine has
been released, it has only a transitory
effect because it is rapidly broken
down by the enzyme cholinesterase.

CH

0 H,C
3 3
ey
H,C O/ \ﬁ/H\
2

CH,
Acetylcholine

acetyl coenzyme A (acetyl CoA) A
compound formed in the mitochon-
dria when an acetyl group (CH;CO-),
derived from the breakdown of fats,
proteins, or carbohydrates (via *gly-
colysis), combines with the thiol
group (-SH) of *coenzyme A. Acetyl
CoA feeds into the energy generating
*Kreb’s cycle and also plays a role in
the synthesis and oxidation of fatty
acids.

acetylene See ETHYNE.
acetylenes See ALKYNES.

acetyl group Sce ETHANOYL GROUP.
acetylide See CARBIDE.

Acheson process An industrial
process for the manufacture of
graphite by heating coke mixed with
clay. The reaction involves the pro-
duction of silicon carbide, which
loses silicon at 4150°C to leave



achiral

graphite. The process was patented
in 1896 by the US inventor Edward
Goodrich Acheson (1856-1931).

achiral Describing a molecule that
does not contain a *chirality el-
ement.

acid 1. A type of compound that
contains hydrogen and dissociates in
water to produce positive hydrogen
ions. The reaction, for an acid HX, is
commonly written:
= H*'+ X~

In fact, the hydrogen ion (the proton)
is solvated, and the complete reac-
tion is:

HX + H,0 == H,0" + X"
The ion H;0" is the oxonium ion (or
hydroxonium ion or hydronium ion).
This definition of acids comes from
the Arrhenius theory. Such acids tend
to be corrosive substances with a
sharp taste, which turn litmus red
and give colour changes with other
*indicators. They are referred to as
protonic acids and are classified into
strong acids, which are almost com-
pletely dissociated in water (e.g. sul-
phuric acid and hydrochloric acid),
and weak acids, which are only par-
tially dissociated (e.g. ethanoic acid
and hydrogen sulphide). The strength
of an acid depends on the extent to
which it dissociates, and is measured
by its *dissociation constant. See also
BASE.
2. In the Lowry-Brgnsted theory of
acids and bases (1923), the definition
was extended to one in which an
acid is a proton donor (a Brensted
acid), and a base is a proton acceptor
(a Brensted base). For example, in

HCN + H,0 == H;0" + CN-
the HCN is an acid, in that it donates
a proton to H,0. The H,O is acting as
a base in accepting a proton. Simi-
larly, in the reverse reaction H;O" is
an acid and CN- a base. In such reac-

tions, two species related by loss or
gain of a proton are said to be conju-
gate. Thus, in the reaction above
HCN is the conjugate acid of the base
CN-, and CN- is the conjugate base of
the acid HCN. Similarly, H;0* is the
conjugate acid of the base H,0. An
equilibrium, such as that above, is a
competition for protons between an
acid and its conjugate base. A strong
acid has a weak conjugate base, and
vice versa. Under this definition
water can act as both acid and base.
Thus in

NH, + H,0 == NH,* + OH"
the H,O is the conjugate acid of OH".
The definition also extends the idea
of acid-base reaction to solvents
other than water. For instance, liquid
ammonia, like water, has a high di-
electric constant and is a good ioniz-
ing solvent. Equilibria of the type

NH; + Na*Cl- == Na*NH," + HCl
can be studied, in which NH; and
HCI are acids and NH,~ and CI- are
their conjugate bases.
3. A further extension of the idea of
acids and bases was made in the
Lewis theory (G. N. Lewis, 1923). In
this, a Lewis acid is a compound or
atom that can accept a pair of elec-
trons and a Lewis base is one that
can donate an electron pair. This
definition encompasses ‘traditional’
acid-base reactions. In

HCl + NaOH — NacCl + H,0
the reaction is essentially

H*+:0H- — H:OH
i.e. donation of an electron pair by
OH. But it also includes reactions
that do not involve ions, e.g.

H,N: + BCl, — H,NBCl,
in which NH; is the base (donor) and
BCl; the acid (acceptor). The Lewis
theory establishes a relationship be-
tween acid-base reactions and *oxi-
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acid rain

dation-reduction reactions. See HSAB
PRINCIPLE.

See also AQUA ACID; HYDROXOACID;
OXOACID.

acid anhydrides (acyl anhydrides)
Compounds that react with water to
form an acid. For example, carbon
dioxide reacts with water to give car-
bonic acid:

COs(g) + H,0(aq) == H,CO5(aq)
A particular group of acid anhydrides
are anhydrides of carboxylic acids.
They have a general formula of the
type R.CO.0.CO.R’, where R and R’
are alkyl or aryl groups. For example,
the compound ethanoic anhydride
(CH3.CO.0.CO.CHy;) is the acid anhy-
dride of ethanoic (acetic) acid. Or-
ganic acid anhydrides can be
produced by dehydrating acids (or
mixtures of acids). They are usually
made by reacting an acyl halide with
the sodium salt of the acid. They
react readily with water, alcohols,
phenols, and amines and are used in
*acylation reactions.
[ (€)) see wes Links J

¢ Information about IUPAC nomenclature

R R
ﬁo /\:O
:8 — o
ﬁo /\:O
R R
Acid anhydride

acid-base indicator Sce
INDICATOR.

acid dissociation constant Sece
DISSOCIATION.

acid dye See DYEs.
acid halides See ACYL HALIDES.

acidic 1. Describing a compound

that is an acid. 2. Describing a solu-
tion that has an excess of hydrogen
ions. 3. Describing a compound that
forms an acid when dissolved in
water. Carbon dioxide, for example,
is an acidic oxide.

acidic hydrogen (acid hydrogen) A
hydrogen atom in an *acid that
forms a positive ion when the acid
dissociates. For instance, in
methanoic acid

HCOOH = H* + HCOO-

the hydrogen atom on the carboxy-
late group is the acidic hydrogen (the
one bound directly to the carbon
atom does not dissociate).

acidimetry Volumetric analysis
using standard solutions of acids to
determine the amount of base pre-
sent.

acidity constant See DISSOCIATION.

acid rain Precipitation having a pH
value of less than about 5.0, which
has adverse effects on the fauna and
flora on which it falls. Rainwater typ-
ically has a pH value of 5.6, due to
the presence of dissolved carbon
dioxide (forming carbonic acid). Acid
rain results from the emission into
the atmosphere of various pollutant
gases, in particular sulphur dioxide
and various oxides of nitrogen,
which originate from the burning of
fossil fuels and from car exhaust
fumes, respectively. These gases dis-
solve in atmospheric water to form
sulphuric and nitric acids in rain,
snow, or hail (wet deposition). Alter-
natively, the pollutants are deposited
as gases or minute particles (dry de-
position). Both types of acid deposi-
tion affect plant growth - by
damaging the leaves and impairing
photosynthesis and by increasing the
acidity of the soil, which results in
the leaching of essential nutrients.
This acid pollution of the soil also




acid salt

leads to acidification of water drain-
ing from the soil into lakes and
rivers, which become unable to sup-
port fish life. Lichens are particularly
sensitive to changes in pH and can be
used as indicators of acid pollution.

acid salt A salt of a polybasic acid
(i-e. an acid having two or more
acidic hydrogens) in which not all
the hydrogen atoms have been re-
placed by positive ions. For example,
the dibasic acid carbonic acid (H,CO3)
forms acid salts (hydrogencarbonates)
containing the ion HCO;~. Some salts
of monobasic acids are also known as
acid salts. For instance, the com-
pound potassium hydrogendifluoride,
KHF,, contains the ion [F..H-F|", in
which there is hydrogen bonding be-
tween the fluoride ion F~ and a hy-
drogen fluoride molecule.

acid value A measure of the
amount of free acid present in a fat,
equal to the number of milligrams of
potassium hydroxide needed to neu-
tralize this acid. Fresh fats contain
glycerides of fatty acids and very lit-
tle free acid, but the glycerides de-
compose slowly with time and the
acid value increases.

acridine A colourless crystalline
heterocyclic compound, C;,HoN; m.p.
110°C. The ring structure is similar
to that of anthracene, with three
fused rings, the centre ring contain-
ing a nitrogen heteroatom. Several
derivatives of acridine (such as acri-
dine orange) are used as dyes or bio-
logical stains.

N
AN

=

Acridine

Acrilan A tradename for a synthetic
fibre. See ACRYLIC RESINS.

acrolein See PROPENAL.

acrylamide An inert gel (polyacry-
lamide) employed as a medium in
*electrophoresis. It is used particu-
larly in the separation of macromole-
cules, such as nucleic acids and
proteins.

acrylate See PROPENOATE.
acrylic acid See PROPENOIC ACID.

acrylic resins Synthetic resins
made by polymerizing esters or other
derivatives of acrylic acid (propenoic
acid). Examples are poly(propenoni-
trile) (e.g. Acrilan), and poly(methyl 2-
methylpropenoate) (polymethyl
methacrylate, e.g. Perspex).

acrylonitrile See PROPENONITRILE.
ACT See ACTIVATED-COMPLEX THEORY.

actinic radiation Electromagnetic
radiation that is capable of initiating
a chemical reaction. The term is used
especially of ultraviolet radiation and
also to denote radiation that will af-
fect a photographic emulsion.

actinides See ACTINOIDS.

actinium Symbol Ac. A silvery
radioactive metallic element belong-
ing to group 3 (formerly IITA) of the
periodic table; a.n. 89; mass number
of most stable isotope 227 (half-life
21.7 years); m.p. 1050 £ 50°C; b.p.
3200°C (estimated). Actinium-227 oc-
curs in natural uranium to an extent
of about 0.715%. Actinium-228 (half-
life 6.13 hours) also occurs in nature.
There are 22 other artificial isotopes,
all radioactive and all with very short
half-lives. Its chemistry is similar to
that of lanthanum. Its main use is as
a source of alpha particles. The el-
ement was discovered by A. Debierne
in 1899.

@) see wes s

¢ Information from the WebElements site
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action potential

actinium series See RADIOACTIVE
SERIES.

actinoid contraction A smooth
decrease in atomic or ionic radius
with increasing proton number
found in the *actinoids.

actinoids (actinides) A series of el-
ements in the *periodic table, gener-
ally considered to range in atomic
number from thorium (90) to lawren-
cium (103) inclusive. The actinoids all
have two outer s-electrons (a 7s2
configuration), follow actinium, and
are classified together by the fact that
increasing proton number corre-
sponds to filling of the 5flevel. In
fact, because the 5fand 6d levels are
close in energy the filling of the 5f or-
bitals is not smooth. The outer elec-
tron configurations are as follows:

89 actinium (Ac) 6d17s?

90 thorium (Th) 6d27s%

91 protactinium (Pa) 526d'7s?

92 uranium (Ur) 5f36d7s?

93 neptunium (Np) 55752 (or
5f*6d17s2)

94 plutonium (Pu) 5f°7s?

95 americium (Am) 5f77s2

96 curium (Cm) 5f76d's?

97 berkelium (Bk) 586d7s? (or 5f°7s2)
98 californium (Cf) 510752

99 einsteinium (Es) 511752

100 fermium (Fm) 512752

101 mendelevium (Md) 5f137s2

102 nobelium (Nb) 5f147s?

103 lawrencium (Lw) 5f46d's?

The first four members (Ac to Ur)
occur naturally. All are radioactive
and this makes investigation difficult
because of self-heating, short life-
times, safety precautions, etc. Like
the *lanthanoids, the actinoids show
a smooth decrease in atomic and
ionic radius with increasing proton
number. The lighter members of the
series (up to americium) have felec-
trons that can participate in bonding,
unlike the lanthanoids. Conse-
quently, these elements resemble the

transition metals in forming coordi-
nation complexes and displaying
variable valency. As a result of in-
creased nuclear charge, the heavier
members (curium to lawrencium)
tend not to use their inner f-electrons
in forming bonds and resemble the
lanthanoids in forming compounds
containing the M3* ion. The reason
for this is pulling of these inner elec-
trons towards the centre of the atom
by the increased nuclear charge.
Note that actinium itself does not
have a 5felectron, but it is usually
classified with the actinoids because
of its chemical similarities. See also
TRANSITION ELEMENTS.

actinometer See ACTINOMETRY.

actinometry The measurement of
the intensity of electromagnetic radi-
ation. An instrument that measures
this quantity is called an actinometer.
Recent actinometers use the *photo-
electric effect but earlier instruments
depended either on the fluorescence
produced by the radiation on a
screen or on the amount of chemical
change induced in some suitable sub-
stance. Different types of actinome-
ter have different names according to
the type of radiation they measure. A
pyroheliometer measures the inten-
sity of radiation from the sun. A
pyranometer measures the intensity
of radiation that reaches the surface
of the earth after being scattered by
molecules or objects suspended in
the atmosphere. A pyrogeometer
measures the difference between the
outgoing infrared radiation from the
earth and the incoming radiation
from the sun that penetrates the
earth’s atmosphere.

action potential The change in
electrical potential that occurs across
a cell membrane during the passage
of a nerve impulse. As an impulse
travels in a wavelike manner along
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the axon of a nerve, it causes a local-
ized and transient switch in electric
potential across the cell membrane
from -60 mV (the resting potential)
to +45 mV. The change in electric po-
tential is caused by an influx of
sodium ions. Nervous stimulation of
a muscle fibre has a similar effect.

action spectrum A graphical plot
of the efficiency of electromagnetic
radiation in producing a photochemi-
cal reaction against the wavelength
of the radiation used. For example,
the action spectrum for photosynthe-
sis using light shows a peak in the re-
gion 670-700 nm. This corresponds
to a maximum absorption in the ab-
sorption spectrum of chlorophylls in
this region.

activated adsorption *Adsorp-

tion that involves an activation en-

ergy. This occurs in certain cases of
chemisorption.

activated alumina See ALUMINIUM
HYDROXIDE.

activated charcoal See CHARCOAL.

activated complex See ACTIVATED-
COMPLEX THEORY.

activated-complex theory (ACT)
A theory enabling the rate constants
in chemical reactions to be calcu-
lated using statistical thermodynam-
ics. The events assumed to be taking
place can be shown in a diagram
with the potential energy as the ver-
tical axis, while the horizontal axis,
called the reaction coordinate, repre-
sents the course of the reaction. As
two reactants A and B approach each
other, the potential energy rises to a
maximum. The collection of atoms
near the maximum is called the acti-
vated complex. After the atoms have
rearranged in the chemical reaction,
the value of the potential energy falls
as the products of the reaction are
formed. The point of maximum po-

tential energy is called the transition
state of the reaction, as reactants
passing through this state become
products. In ACT, it is assumed that
the reactants are in equilibrium with
the activated complex, and that this
decomposes along the reaction coor-
dinate to give the products. ACT was
developed by the US chemist Henry
Eyring and colleagues in the 1930s.
See also EYRING EQUATION.

activated sludge process A
sewage and waste-water treatment.
The sludge produced after primary
treatment is pumped into aeration
tanks, where it is continuously
stirred and aerated, resulting in the
formation of small aggregates of sus-
pended colloidal organic matter
called floc. Floc contains numerous
slime-forming and nitrifying bac-
teria, as well as protozoans, which
decompose organic substances in the
sludge. Agitation or air injection
maintains high levels of dissolved
oxygen, which helps to reduce the
*biochemical oxygen demand.
Roughly half the sewage in Britain is
treated using this method.

activation analysis An analytical
technique that can be used to detect
most elements when present in a
sample in milligram quantities (or
less). In neutron activation analysis
the sample is exposed to a flux of
thermal neutrons in a nuclear reac-
tor. Some of these neutrons are cap-
tured by nuclides in the sample to
form nuclides of the same atomic
number but a higher mass number.
These newly formed nuclides emit
gamma radiation, which can be used
to identify the element present by
means of a gamma-ray spectrometer.
Activation analysis has also been em-
ployed using charged particles, such
as protons or alpha particles.

activation energy Symbol E,. The
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activity

minimum energy required for a
chemical reaction to take place. In a
reaction, the reactant molecules
come together and chemical bonds
are stretched, broken, and formed in
producing the products. During this
process the energy of the system in-
creases to a maximum, then decreases
to the energy of the products (see il-
lustration). The activation energy is
the difference between the maximum
energy and the energy of the reac-
tants; i.e. it is the energy barrier that
has to be overcome for the reaction
to proceed. The activation energy de-
termines the way in which the rate
of the reaction varies with tempera-
ture (see ARRHENIUS EQUATION). It is
usual to express activation energies
in joules per mole of reactants. An
activation energy greater than 200 KJ
mol? suggests that a bond has been
completely broken in forming the
transition state (as in the Sy1 reac-
tion). A lower figure suggests incom-
plete breakage (as in the Sy2 reaction).
See also ACTIVATED-COMPLEX THEORY.

products

reactants

Activation energy

activator 1. A substance that in-
creases the activity of a catalyst; for
example, a substance that - by bind-
ing to an *allosteric site on an en-
zyme - enables the active site of the
enzyme to bind to the substrate. 2.
Any compound that potentiates the
activity of a drug or other foreign
substance in the body.

active mass See MASS ACTION.

active site (active centre) 1. A site
on the surface of a catalyst at which
activity occurs. 2. The site on the
surface of an *enzyme molecule that

binds the substrate molecule. The
properties of an active site are deter-
mined by the three-dimensional
arrangement of the polypeptide
chains of the enzyme and their con-
stituent amino acids. These govern
the nature of the interaction that
takes place and hence the degree of
substrate specificity and susceptibil-
ity to *inhibition.

activity 1. Symbol a. A thermody-
namic function used in place of con-
centration in equilibrium constants
for reactions involving nonideal
gases and solutions. For example, in
a reaction

A=B+C

the true equilibrium constant is
given by

K=agaclax
where a,, ag, and ac are the activities
of the components, which function
as concentrations (or pressures) cor-
rected for nonideal behaviour. Activ-
ity coefficients (symbol y) are defined
for gases by y = afp (where p is pres-
sure) and for solutions by y = aX
(where X is the mole fraction). Thus,
the equilibrium constant of a gas re-
action has the form

K,= YePrYcDc/YADA
The equilibrium constant of a reac-
tion in solution is

K. = 1aXgrcXcvaXa
The activity coefficients thus act as
correction factors for the pressures
or concentrations. The activity is
given by an equation
u=u<*RTIna
where  is chemical potential See also
FUGACITY.
2. Symbol A. The number of atoms of
a radioactive substance that disinte-
grate per unit time. The specific ac-
tivity (a) is the activity per unit mass
of a pure radioisotope. See RADIATION
UNITS.
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activity series See ELECTROMOTIVE
SERIES.

acyclic Describing a compound
that does not have a ring in its mol-
ecules.

acyl anhydrides See ACID ANHY-
DRIDES.

acylation The process of introduc-
ing an acyl group (RCO-) into a com-
pound. The usual method is to react
an alcohol with an acyl halide or a
carboxylic acid anhydride; e.g.

RCOCI + R'OH — RCOOR’ + HCl

The introduction of an acetyl group
(CH3CO-) is acetylation, a process
used for protecting -OH groups in or-
ganic synthesis.

acyl fission The breaking of the
carbon-oxygen bond in an acyl
group. It occurs in the hydrolysis of
an *ester to produce an alcohol and a
carboxylic acid.

acylglycerols See GLYCERIDES.

acyl group A group of the type
RCO-, where R is an organic group.
An example is the acetyl group
CH,5CO-.

acyl halides (acid halides) Organic
compounds containing the group
-CO.X, where X is a halogen atom
(see formula). Acyl chlorides, for in-
stance, have the general formula
RCOCI. The group RCO- is the acyl
group. In systematic chemical nomen-
clature acyl-halide names end in the
suffix -oyl; for example, ethanoyl
chloride, CH;COCI. Acyl halides react
readily with water, alcohols, phenols,
and amines and are used in *acyla-
tion reactions. They are made by
replacing the -OH group in a car-
boxylic acid by a halogen using a
halogenating agent such as PCls.

[ @) see wes Links J

¢ |nformation about IUPAC nomenclature

adamantane A colourless crys-
talline hydrocarbon C,oH;s m.p.
269°C. It is found in certain petro-
leum fractions. The structure con-
tains three symmetrically fused
cyclohexane rings.

'I///H

Adamantane

Adams catalyst A dark brown
powder, a hydrated form of platinum
(IV) oxide (PtO,), produced by heating
chloroplatinic acid (H,PtClg) with
sodium nitrate (NaNOs;). Platinum ni-
trate is produced, and this decom-
poses to Platinum (IV) oxide with
evolution of NO, and oxygen. It is
used in hydrogenations of alkenes to
alkanes, nitro compounds to aminos,
and ketones to alcohols. The actual
catalyst is not the oxide but finely di-
vided *platinum black, which forms
during the hydrogenation reaction.

addition polymerization See
POLYMERIZATION.

addition reaction A chemical re-
action in which one molecule adds to
another. Addition reactions occur
with unsaturated compounds con-
taining double or triple bonds, and
may be *electrophilic or *nucle-
ophilic. An example of electrophilic
addition is the reaction of hydrogen
chloride with an alkene, e.g.

HCI + CH,:CH, — CH;CH,Cl
An example of nucleophilic addition
is the addition of hydrogen cyanide
across the carbonyl bond in aldehy-
des to form *cyanohydrins. Addi-
tion-elimination reactions are ones in
which the addition is followed by
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adiabatic demagnetization

elimination of another molecule (see
CONDENSATION REACTION).

additive A substance added to an-
other substance or material to im-
prove its properties in some way.
Additives are often present in small
amounts and are used for a variety of
purposes, as in preventing corrosion,
stabilizing polymers, and preserving
and improving foods (see FOOD ADDI-
TIVE).

adduct A compound formed by an
addition reaction. The term is used
particularly for compounds formed
by coordination between a Lewis acid
(acceptor) and a Lewis base (donor).
See ACID.

adenine A *purine derivative. It is
one of the major component bases of
*nucleotides and the nucleic acids
*DNA and *RNA.

NH,
N
/ NN
HC< | |
CH
—
N
Adenine

adenosine A nucleoside compris-
ing one adenine molecule linked to a
D-ribose sugar molecule. The phos-

NH,

i
<1

HO “1oH

OH

Adenosine

phate-ester derivatives of adenosine,
AMP, ADP, and *ATP, are of funda-
mental biological importance as car-
riers of chemical energy.

adenosine diphosphate (ADP) See
ATP.

adenosine monophosphate
(AMP) See ATP.

adenosine triphosphate See ATp.

adhesive A substance used for join-
ing surfaces together. Adhesives are
generally colloidal solutions, which
set to gels. There are many types in-
cluding animal glues (based on colla-
gen), vegetable mucilages, and
synthetic resins (e.g. *epoxy resins).

adiabatic approximation An ap-
proximation used in *quantum me-
chanics when the time dependence
of parameters, such as the internu-
clear distance between atoms in a
molecule, is slowly varying. This ap-
proximation means that the solution
of the *Schrédinger equation at one
time goes continuously over to the
solution at a later time. It was formu-
lated by Max *Born and the Soviet
physicist Vladimir Alexandrovich
Fock (1898-1974) in 1928. The
*Born-Oppenheimer approximation
is an example of the adiabatic ap-
proximation.

adiabatic demagnetization A
technique for cooling a paramagnetic
salt, such as potassium chrome alum,
to a temperature near *absolute zero.
The salt is placed between the poles
of an electromagnet and the heat
produced during magnetization is re-
moved by liquid helium. The salt is
then isolated thermally from the sur-
roundings and the field is switched
off; the salt is demagnetized adiabati-
cally and its temperature falls. This is
because the demagnetized state,
being less ordered, involves more en-
ergy than the magnetized state. The
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extra energy can come only from the
internal, or thermal, energy of the
substance.

adiabatic process Any process
that occurs without heat entering or
leaving a system. In general, an adia-
batic change involves a fall or rise in
temperature of the system. For exam-
ple, if a gas expands under adiabatic
conditions, its temperature falls
(work is done against the retreating
walls of the container). The adiabatic
equation describes the relationship
between the pressure (p) of an ideal
gas and its volume (V), i.e. pV¥ =K,
where 7 is the ratio of the principal
specific *heat capacities of the gas
and K is a constant.

adipic acid See HEXANEDIOIC ACID.
ADP See ATP.

adrenaline (epinephrine) A hor-
mone, produced by the medulla of
the adrenal glands, that increases
heart activity, improves the power
and prolongs the action of muscles,
and increases the rate and depth of
breathing to prepare the body for
‘fright, flight, or fight’. At the same
time it inhibits digestion and excre-
tion.

OH

HO

OH
Adrenaline

adsorbate A substance that is ad-
sorbed on a surface.

adsorbent A substance on the sur-
face of which a substance is ad-
sorbed.

adsorption The formation of a
layer of gas, liquid, or solid on the
surface of a solid or, less frequently,
of a liquid. There are two types de-
pending on the nature of the forces
involved. In chemisorption a single
layer of molecules, atoms, or ions is
attached to the adsorbent surface by
chemical bonds. In physisorption ad-
sorbed molecules are held by the
weaker *van der Waals’ forces. Ad-
sorption is an important feature of
surface reactions, such as corrosion,
and heterogeneous catalysis. The
property is also utilized in adsorption
*chromatography.

adsorption indicator (absorption
indicator) A type of indicator used
in reactions that involve precipita-
tion. The yellow dye fluorescein is a
common example, used for the reac-
tion

NacCl(aq) + AgNOs(aq) — AgCl(s) +

NaNOs(aq)

As silver nitrate solution is added
to the sodium chloride, silver chlo-
ride precipitates. As long as Cl~ ions
are in excess, they adsorb on the
precipitate particles. At the end
point, no Cl- ions are left in solution
and negative fluorescein ions are
then adsorbed, giving a pink colour
to the precipitate. The technique
is sometimes known as Fajan’s
method.

adsorption isotherm An equation
that describes how the amount of a
substance adsorbed onto a surface de-
pends on its pressure (if a gas) or its
concentration (if in a solution), at a
constant temperature. Several ad-
sorption isotherms are used in sur-
face chemistry including the *BET
isotherm and the *Langmuir ad-
sorption isotherm. The different
isotherms correspond to different as-
sumptions about the surface and the
adsorbed molecules.
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air

adulterant See CUTTING AGENT.

aerogel A low-density porous trans-
parent material that consists of more
than 90% air. Usually based on metal
oxides or silica, aerogels are used as
drying agents and insulators.

aerosol A colloidal dispersion of a
solid or liquid in a gas. The com-
monly used aerosol sprays contain an
inert propellant liquefied under pres-
sure. *Chlorofluorocarbons, such as
dichlorodifluoromethane, are com-
monly used in aerosol cans. This use
has been criticized on the grounds
that these compounds persist in the
atmosphere and may lead to deple-
tion of the *ozone layer.

AES See ATOMIC EMISSION SPEC-
TROSCOPY.

A-factor See ARRHENIUS EQUATION.

affinity chromatography A bio-
chemical technique for purifying nat-
ural polymers, especially proteins. It
functions by attaching a specific lig-
and by covalent bonding to an insolu-
ble inert support. The ligand has to
have a specific affinity for the poly-
mer, so that when a solution contain-
ing the ligand is passed down a
column of the material it is specifi-
cally retarded and thus separated
from any contaminating molecules.
An example of a suitable ligand is
the substrate of an enzyme, provided
that it does not change irreversibly
during the chromatography.

aflatoxin A poisonous compound,
C,5H;,0¢, produced by the fungus As-
pergillus flavus. It is extremely toxic to
farm animals and can cause liver can-
cer in humans. It may occur as a con-
taminant of stored cereal crops,
cotton seed, and, especially, peanuts.
There are four isomeric forms.

AFM See ATOMIC FORCE MICROSCOPE.

agar An extract of certain species of

red seaweeds that is used as a gelling
agent in microbiological culture
media, foodstuffs, medicines, and
cosmetic creams and jellies. Nutrient
agar consists of a broth made from
beef extract or blood that is gelled
with agar and used for the cultiva-
tion of bacteria, fungi, and some
algae.

agarose A carbohydrate polymer
that is a component of agar. It is used
in chromatography and electrophore-
sis.

agate A variety of *chalcedony that
forms in rock cavities and has a pat-
tern of concentrically arranged bands
or layers that lie parallel to the cavity
walls. These layers are frequently al-
ternating tones of brownish-red.
Moss agate does not show the same
banding and is a milky chalcedony
containing mosslike or dendritic pat-
terns formed by inclusions of man-
ganese and iron oxides. Agates are
used in jewellery and for ornamental
purposes.

agitator A bladelike instrument
used in fermenters and *bioreactors
to mix the medium continuously in
order to maintain the rate of oxygen
transfer and to help keep the cells in
suspension.

air See EARTH’S ATMOSPHERE.

NH,
N
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P
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Aflatoxin
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air pollution (atmospheric pollu-
tion) The release into the atmos-
phere of substances that cause a
variety of harmful effects to the nat-
ural environment. Most air pollu-
tants are gases that are released into
the troposphere, which extends
about 8 km above the surface of the
earth. The burning of fossil fuels, for
example in power stations, is a major
source of air pollution as this process
produces such gases as sulphur diox-
ide and carbon dioxide. Released into
the atmosphere, both these gases are
thought to contribute to the green-
house effect. Sulphur dioxide and ni-
trogen oxides, released in car
exhaust fumes, are air pollutants that
are responsible for the formation of
*acid rain; nitrogen oxides also con-
tribute to the formation of *photo-
chemical smog. See also OZONE LAYER;
POLLUTION.

alabaster See Gypsum.
alanine See AMINO ACID.

albumin (albumen) One of a group
of globular proteins that are soluble
in water but form insoluble coagu-
lates when heated. Albumins occur
in egg white, blood, milk, and plants.
Serum albumins, which constitute
about 55% of blood plasma protein,
help regulate the osmotic pressure
and hence plasma volume. They also
bind and transport fatty acids. o-lac-
talbumin is one of the proteins in
milk.

alcoholic fermentation See FER-
MENTATION.

alcohols Organic compounds that
contain the -OH group. In systematic
chemical nomenclature alcohol
names end in the suffix -ol. Examples
are methanol, CH;0H, and ethanol,
C,HsOH. Primary alcohols have two
hydrogen atoms on the carbon
joined to the -OH group (i.e. they

contain the group -CH,-OH); sec-
ondary alcohols have one hydrogen
on this carbon (the other two bonds
being to carbon atoms, as in
(CHj3),CHOH); tertiary alcohols have
no hydrogen on this carbon (as in
(CHj3);COH): see formulae. The differ-
ent types of alcohols may differ in
the way they react chemically. For
example, with potassium dichro-
mate(VI) in sulphuric acid the follow-
ing reactions occur:
primary alcohol — aldehyde — car-
boxylic acid
secondary alcohol — ketone
tertiary alcohol - no reaction

Other characteristics of alcohols
are reaction with acids to give *esters
and dehydration to give *alkenes or
*ethers. Alcohols that have two -OH
groups in their molecules are diols
(or dihydric alcohols), those with
three are triols (or trihydric alcohols),
etc.
[ @) see wes Links J
¢ Information about IUPAC nomenclature

H. _OH

H” NH
primary alcohol (methanol)

H< .. OH
CH{  “cCH,

secondary alcohol (propan-2-ol)

CHa\ ~OH
S
CH{ CH,
tertiary alcohol (2-methylpropan-2-ol)

Alcohols

aldehydes Organic compounds
that contain the group -CHO (the
aldehyde group; i.e. a carbonyl group
(C=0) with a hydrogen atom bound
to the carbon atom). In systematic
chemical nomenclature, aldehyde
names end with the suffix -al. Exam-
ples of aldehydes are methanal
(formaldehyde), HCOH, and ethanal
(acetaldehyde), CH;CHO. Aldehydes
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alicyclic compound

are formed by oxidation of primary
*alcohols; further oxidation yields
carboxylic acids. They are reducing
agents and tests for aldehydes in-
clude *Fehling’s test and *Tollens
reagent. Aldehydes have certain char-
acteristic addition and condensation
reactions. With sodium hydrogensul-
phate(IV) they form addition com-
pounds of the type [RCOH(SO3)H]"
Na*. Formerly these were known as
bisulphite addition compounds. They
also form addition compounds with
hydrogen cyanide to give *cyanohy-
drins and with alcohols to give *ac-
etals and undergo condensation
reactions to yield *oximes, *hydra-
zones, and *semicarbazones. Aldehy-
des readily polymerize. See also
KETONES.

[ see wes Lins

¢ Information about IUPAC nomenclature
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Aldehyde

aldohexose See MONOSACCHARIDE.
aldol See ALDOL REACTION.

aldol reaction A reaction of alde-
hydes of the type

2RCH,CHO =
RCH,CH(OH)CHRCHO

where R is a hydrocarbon group. The
resulting compound is a hydroxy-
aldehyde, i.e. an aldehyde-alcohol or
aldol, containing alcohol (-OH) and
aldehyde (-CHO) groups on adjacent
carbon atoms. The reaction is base-
catalysed, the first step being the for-
mation of a carbanion of the type
RHC-CHO, which adds to the car-
bonyl group of the other aldehyde
molecule. For the carbanion to form,
the aldehyde must have a hydrogen

atom on the carbon next to the car-
bonyl group.

Aldols can be further converted to
other products; in particular, they
are a source of unsaturated aldehy-
des. For example, the reaction of
ethanal gives 3-hydroxybutenal (ac-
etaldol):

2CH;CHO = CH;CH(OH)CH,CHO
This can be further dehydrated to 2-
butenal (crotonaldehyde):
CH,CH(OH)CH,CHO — H,0 +
CH;CH:CHCHO

aldose Se¢ MONOSACCHARIDE.

aldosterone A hormone produced
by the adrenal glands that controls
excretion of sodium by the kidneys
and thereby maintains the balance of
salt and water in the body fluids.

aldoximes Compounds formed by
reaction between hydroxylamine and
an aldehyde

RCOH + H,NOH — RCH:NOH + H,0

If R is an aliphatic group, the al-
doxime is generally a liquid or low-
melting solid. If R is aromatic, the
aldoxime is a crystalline solid. Al-
doximes have a planar structure and
can exist in two isomeric forms. In
the syn form, the OH group is on the
same side of the double bond as the
H. In the anti form the OH and H are
on opposite sides. Typically, aliphatic
aldehydes give anti aldoximes; aro-
matic aldehydes give syn aldoximes.

algin (alginic acid) A complex poly-
saccharide occurring in the cell walls
of the brown algae (Phaeophyta).
Algin strongly absorbs water to form
a viscous gel. It is produced commer-
cially from a variety of species of
Laminaria and from Macrocystis pyrifera
in the form of alginates, which are
used mainly as a stabilizer and tex-
turing agent in the food industry.

alicyclic compound A compound
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that contains a ring of atoms and is
aliphatic. Cyclohexane, C¢H;,, is an
example.

aliphatic compounds Organic
compounds that are *alkanes,
*alkenes, or *alkynes or their deriva-
tives. The term is used to denote
compounds that do not have the spe-
cial stability of *aromatic com-
pounds. All noncyclic organic
compounds are aliphatic. Cyclic
aliphatic compounds are said to be
alicyclic.

alizarin An orange-red compound,
C14HgO,. The compound is a deriva-
tive of *anthraquinone, with hy-
droxyl groups substituted at the 1
and 2 positions. It is an important
dyestuff producing red or violet
*lakes with metal hydroxide.
Alizarin occurs naturally as the glu-
coside in madder. It can be synthe-
sized by heating anthraquinone with
sodium hydroxide.

alkali A *base that dissolves in
water to give hydroxide ions.

alkali metals (group 1 elements)
The elements of group 1 (formerly
IA) of the *periodic table: lithium
(Li), sodium (Na), potassium (K),
rubidium (Rb), caesium (Cs), and
francium (Fr). All have a characteris-
tic electron configuration that is a
noble gas structure with one outer
s-electron. They are typical metals (in
the chemical sense) and readily lose
their outer electron to form stable
M* ions with noble-gas configura-
tions. All are highly reactive, with
the reactivity (i.e. metallic character)
increasing down the group. There is
a decrease in ionization energy from
lithium (520 kJ mol?) to caesium
(380 kJ mol?). The second ionization
energies are much higher and diva-
lent ions are not formed. Other prop-
erties also change down the group.
Thus, there is an increase in atomic

and ionic radius, an increase in den-
sity, and a decrease in melting and
boiling point. The standard electrode
potentials are low and negative, al-
though they do not show a regular
trend because they depend both on
ionization energy (which decreases
down the group) and the hydration
energy of the ions (which increases).

All the elements react with water
(lithium slowly; the others violently)
and tarnish rapidly in air. They can
all be made to react with chlorine,
bromine, sulphur, and hydrogen. The
hydroxides of the alkali metals are
strongly alkaline (hence the name)
and do not decompose on heating.
The salts are generally soluble. The
carbonates do not decompose on
heating, except at very high tempera-
tures. The nitrates (except for
lithium) decompose to give the ni-
trite and oxygen:

2MNO;(s) — 2MNO,(s) + Oy(g)

Lithium nitrate decomposes to the
oxide. In fact lithium shows a num-
ber of dissimilarities to the other
members of group 1 and in many
ways resembles magnesium (see DIAG-
ONAL RELATIONSHIP). In general, the
stability of salts of oxo acids in-
creases down the group (i.e. with in-
creasing size of the M* ion). This
trend occurs because the smaller
cations (at the top of the group) tend
to polarize the oxo anion more effec-
tively than the larger cations at the
bottom of the group.

alkalimetry Volumetric analysis
using standard solutions of alkali to
determine the amount of acid pre-
sent.

alkaline 1. Describing an alkali.
2. Describing a solution that has an
excess of hydroxide ions (i.e. a pH
greater than 7).

alkaline-earth metals (group 2
elements) The elements of group 2
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alkaloid

(formerly IIA) of the *periodic table:
beryllium (Be), magnesium (Mg), cal-
cium (Ca), strontium (Sr), and barium
(Ba). The elements are sometimes re-
ferred to as the ‘alkaline earths’, al-
though strictly the ‘earths’ are the
oxides of the elements. All have a
characteristic electron configuration
that is a noble-gas structure with two
outer s-electrons. They are typical
metals (in the chemical sense) and
readily lose both outer electrons to
form stable M?* ions; i.e. they are
strong reducing agents. All are reac-
tive, with the reactivity increasing
down the group. There is a decrease
in both first and second ionization
energies down the group. Although
there is a significant difference be-
tween the first and second ionization
energies of each element, com-
pounds containing univalent ions are
not known. This is because the diva-
lent ions have a smaller size and
larger charge, leading to higher
hydration energies (in solution) or
lattice energies (in solids). Conse-
quently, the overall energy change
favours the formation of divalent
compounds. The third ionization
energies are much higher than the
second ionization energies, and tri-
valent compounds (containing M3*)
are unknown.

Beryllium, the first member of the
group, has anomalous properties be-
cause of the small size of the ion; its
atomic radius (0.112 nm) is much less
than that of magnesium (0.16 nm).
From magnesium to radium there is
a fairly regular increase in atomic
and ionic radius. Other regular
changes take place in moving down
the group from magnesium. Thus,
the density and melting and boiling
points all increase. Beryllium, on the
other hand, has higher boiling and
melting points than calcium and its
density lies between those of calcium
and strontium. The standard elec-

trode potentials are negative and
show a regular small decrease from
magnesium to barium. In some ways
beryllium resembles aluminium (see
DIAGONAL RELATIONSHIP).

All the metals are rather less reac-
tive than the alkali metals. They
react with water and oxygen (beryl-
lium and magnesium form a protec-
tive surface film) and can be made to
react with chlorine, bromine, sul-
phur, and hydrogen. The oxides and
hydroxides of the metals show the
increasing ionic character in moving
down the group: beryllium hydrox-
ide is amphoteric, magnesium hy-
droxide is only very slightly soluble
in water and is weakly basic, calcium
hydroxide is sparingly soluble and
distinctly basic, strontium and bar-
ium hydroxides are quite soluble and
basic. The hydroxides decompose on
heating to give the oxide and water:

M(OH),(s) — MO(s) + H,0(g)
The carbonates also decompose on
heating to the oxide and carbon diox-
ide:

MCO54(s) = MO(s) + CO,(g)
The nitrates decompose to give the
oxide:

2M(NO3),(s) = 2MO(s) + 4NO,(g) +

0,(g)

As with the *alkali metals, the stabil-
ity of salts of oxo acids increases
down the group. In general, salts of
the alkaline-earth elements are solu-
ble if the anion has a single charge
(e.g. nitrates, chlorides). Most salts
with a doubly charged anion (e.g. car-
bonates, sulphates) are insoluble. The
solubilities of salts of a particular
acid tend to decrease down the
group. (Solubilities of hydroxides in-
crease for larger cations.)

alkaloid One of a group of nitroge-
nous organic compounds, mostly de-
rived from plants, and having diverse
pharmacological properties. They are
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biosynthesized from amino acids and
classified according to some struc-

tural feature. A simple classification

is into:

the pyridine group (e.g. coniine, nico-
tine)

the tropine group (e.g. atropine, co-
caine)

the quinoline group (e.g. quinine,
strychnine, brucine)

the isoquinoline group (e.g. mor-
phine, codeine)

the phenylethylamine group (e.g.
methamphetamine, mescaline,
ephedrine)

the indole group (e.g. tryptamine, ly-
sergic acid)

the purine group (e.g. caffeine, theo-
bromine, theophylline)

alkanal An aliphatic aldehyde.

alkanes (paraffins) Saturated hy-
drocarbons with the general formula
C,H,,4p. In systematic chemical
nomenclature alkane names end in
the suffix -ane. They form a *homolo-
gous series (the alkane series)
methane (CH,), ethane (C,Hg),
propane (C;Hg), butane (C,H,,), pen-
tane (CsH,,), etc. The lower members
of the series are gases; the high-mo-
lecular weight alkanes are waxy
solids. Alkanes are present in natural
gas and petroleum. They can be
made by heating the sodium salt of a
carboxylic acid with soda lime:
RCOO-Na* + Na*OH- — Na,CO; +
RH
Other methods include the *Wurtz
reaction and *Kolbe’s method. Gener-
ally the alkanes are fairly unreactive.
They form haloalkanes with halo-
gens when irradiated with ultraviolet
radiation.
[ §)) see wes Lnks |
¢ Information about IUPAC nomenclature
e Further details about IUPAC
nomenclature

alkanol An aliphatic alcohol.

alkenes (olefines; olefins) Unsatu-
rated hydrocarbons that contain one
or more double carbon-carbon bonds
in their molecules. In systematic
chemical nomenclature alkene
names end in the suffix -ene. Alkenes
that have only one double bond form
a homologous series (the alkene se-
ries) starting ethene (ethylene),
CH,:CH,, propene, CH;CH:CH,, etc.
The general formula is C,H,,. Higher
members of the series show iso-
merism depending on position of the
double bond; for example, butene
(C4Hg) has two isomers, which are (1)
but-1-ene (C,HsCH:CH,) and (2) but-2-
ene (CH;CH:CHCHj): see formulae.
Alkenes can be made by dehydration
of alcohols (passing the vapour over
hot pumice):

RCH,CH,OH - H,0 — RCH:CH,

H
H2C4C\C/CH3 but-1-ene
H,
8 _cH
N~ 3 but-2-ene
He e
H
Alkenes

An alternative method is the removal
of a hydrogen atom and halogen
atom from a haloalkane by potas-
sium hydroxide in hot alcoholic solu-
tion:
RCH,CH,CI + KOH — KCl + H,0 +
RCH:CH,

Alkenes typically undergo *addi-
tion reactions to the double bond.
They can be tested for by the *Baeyer
test. See also HYDROGENATION; OXO
PROCESS; OZONOLYSIS; ZIEGLER
PROCESS.

(O EIEI
¢ Information about IUPAC nomenclature

alkoxides Compounds formed by
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reaction of alcohols with sodium or
potassium metal. Alkoxides are salt-
like compounds containing the ion

R-O-.

alkyd resin A type of *polyester
resin used in paints and other sur-
face coating. The original alkyd
resins were made by copolymerizing
phthalic anhydride with glycerol, to
give a brittle cross-linked polymer.
The properties of such resins can be
modified by adding monobasic acids
or alcohols during the polymeriza-
tion.

alkylation A chemical reaction
that introduces an *alkyl group into
an organic molecule. The *Friedel-
Crafts reaction results in alkylation
of aromatic compounds.

alkylbenzenes Organic com-
pounds that have an alkyl group
bound to a benzene ring. The sim-
plest example is methylbenzene
(toluene), CH;CgHs. Alkyl benzenes
can be made by the *Friedel-Crafts
reaction.

alkyl group A group obtained by

removing a hydrogen atom from an
alkane, e.g. methyl group, CH;-, de-
rived from methane.

alkyl halides See HALOALKANES.

alkynes (acetylenes) Unsaturated
hydrocarbons that contain one or
more triple carbon-carbon bonds in
their molecules. In systematic chemi-
cal nomenclature alkyne names end
in the suffix -yne. Alkynes that have
only one triple bond form a *ho-
mologous series: ethyne (acetylene),
CH=CH, propyne, CH;CH=CH, etc.
They can be made by the action of
potassium hydroxide in alcohol solu-
tion on haloalkanes containing halo-
gen atoms on adjacent carbon atoms;
for example:

RCHCICH,CI + 2KOH — 2KCl +
2H,0 + RCH=CH

Like *alkenes, alkynes undergo addi-
tion reactions.

[ @) see wes s ]
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allenes Compounds that contain
the group >C=C=Cx, in which three
carbon atoms are linked by two adja-
cent double bonds. The outer carbon
atoms are each linked to two other
atoms or groups by single bonds. The
simplest example is 1,2-propadiene,
CH,CCH,. Allenes are *dienes with
typical reactions of alkenes. Under
basic conditions, they often convert
to alkynes. In an allene, the two
double bonds lie in planes that are
perpendicular to each other. Con-
sequently, in an allene of the type
R;R,C:C:CR3R,, the groups R, and

R, lie in a plane perpendicular to

the plane containing R; and R,.
Under these circumstances, the mol-
ecule is chiral and can show optical
activity.

allosteric enzyme An enzyme
that has two structurally distinct
forms, one of which is active and the
other inactive. In the active form, the
quaternary structure (see PROTEIN) of
the enzyme is such that a substrate
can interact with the enzyme at the
active site (see ENZYME-SUBSTRATE
coMPLEX). The conformation of the
substrate-binding site becomes al-
tered in the inactive form and inter-
action with the substrate is not
possible. Allosteric enzymes tend to
catalyse the initial step in a pathway
leading to the synthesis of molecules.
The end product of this synthesis can
act as a feedback inhibitor (see INHIBI-
TION) and the enzyme is converted to
the inactive form, thereby control-
ling the amount of product synthe-
sized.

allosteric site A binding site on
the surface of an enzyme other than
the *active site. In noncompetitive
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*inhibition, binding of the inhibitor
to an allosteric site inhibits the activ-
ity of the enzyme. In an *allosteric
enzyme, the binding of a regulatory
molecule to the allosteric site
changes the overall shape of the en-
zyme, either enabling the substrate
to bind to the active site or prevent-
ing the binding of the substrate.

allotropy The existence of el-
ements in two or more different
forms (allotropes). In the case of oxy-
gen, there are two forms: ‘normal’
dioxygen (O,) and ozone, or trioxy-
gen (O;). These two allotropes have
different molecular configurations.
More commonly, allotropy occurs be-
cause of different crystal structures
in the solid, and is particularly preva-
lent in groups 14, 15, and 16 of the
periodic table. In some cases, the al-
lotropes are stable over a tempera-
ture range, with a definite transition
point at which one changes into the
other. For instance, tin has two al-
lotropes: white (metallic) tin stable
above 13.2°C and grey (nonmetallic)
tin stable below 13.2°C. This form of
allotropy is called enantiotropy. Car-
bon also has two allotropes - dia-
mond and graphite - although
graphite is the stable form at all tem-
peratures. This form of allotropy, in
which there is no transition tempera-
ture at which the two are in equilib-
rium, is called monotropy. See also
POLYMORPHISM.

allowed bands Sce ENERGY BANDS.

allowed transition A transition
between two electronic states al-
lowed according to *selection rules
associated with group theory. The
probability of a transition between
states m and n produced by the inter-
action of electromagnetic radiation
with an atomic system is propor-
tional to the square of the magnitude
of the matrix elements of the electric

dipole moment. If this quantity is not
zero, the transition is an allowed
transition; if it is zero the transition
is a *forbidden transition as a dipole
transition. It may, however, be an al-
lowed transition for magnetic dipole
or quadrupole-moment transitions,
which have much smaller transition
probabilities and consequently give
much weaker lines in the spectrum.

alloy A material consisting of two
or more metals (e.g. brass is an alloy
of copper and zinc) or a metal and a
nonmetal (e.g. steel is an alloy of iron
and carbon, sometimes with other
metals included). Alloys may be com-
pounds, *solid solutions, or mixtures
of the components.

alloy steels See STEEL.
allyl alcohol See PROPENOL.
allyl group See PROPENYL GROUP.

Alnico A tradename for a series of
alloys, containing iron, aluminium,
nickel, cobalt, and copper, used to
make permanent magnets.

alpha helix The most common
form of secondary structure in *pro-
teins, in which the polypeptide chain
is coiled into a helix. The helical
structure is held in place by weak hy-
drogen bonds between the N-H and
C=0 groups in successive turns of the
helix (see illustration). Compare BETA
SHEET.

alpha-iron See 1RON.

alphamethyltryptamine (AMT) A
synthetic derivative of *tyrptamine

HN/

Alphamethyltryptamine
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with stimulant and hallucinogenic
properties. It is used illegally as a
club drug.

alpha-naphthol test A biochemi-
cal test to detect the presence of car-
bohydrates in solution, also known
as Molisch’s test (after the Austrian
chemist H. Molisch (1856-1937), who
devised it). A small amount of alco-
holic alpha-naphthol is mixed with
the test solution and concentrated
sulphuric acid is poured slowly down
the side of the test tube. A positive
reaction is indicated by the forma-
tion of a violet ring at the junction of
the liquids.

alpha particle A helium nucleus
emitted by a larger nucleus during
the course of the type of radioactive
decay known as alpha decay. As a he-
lium nucleus consists of two protons
and two neutrons bound together as
a stable entity the loss of an alpha
particle involves a decrease in *nu-
cleon number of 4 and decrease of 2
in the *atomic number, e.g. the
decay of a uranium-238 nucleus into
a thorium-234 nucleus. A stream of
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alpha particles is known as an alpha-
ray or alpha-radiation.

alternant Describing a conjugated
molecule in which the atoms can be
divided into two sets of alternate
atoms such that no atom has a direct
link to another atom in the same set.
Naphthalene, for example, has an al-
ternant conjugated system.

alum See ALUMINIUM POTASSIUM
SULPHATE; ALUMS.

alumina See ALUMINIUM OXIDE; ALU-
MINIUM HYDROXIDE.

aluminate A salt formed when alu-
minium hydroxide or y-alumina is
dissolved in solutions of strong bases,
such as sodium hydroxide. Alumi-
nates exist in solutions containing
the aluminate ion, commonly writ-
ten [Al(OH),|". In fact the ion proba-
bly is a complex hydrated ion and
can be regarded as formed from a hy-
drated Al** ion by removal of four hy-
drogen ions:

[Al(H,0)¢]3* + 40H- — 4H,0 +

[AL(OH)4(H,0),]"

Other aluminates and polyalumi-
nates, such as [Al(OH)¢|>- and

< __-Hr |/|
-7 |/C |
Al N/C ;
1 — -’
e |
L HTT X
[B0e)d ° -
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A
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[(HO);A1I0AL(OH),)?-, are also present.
See also ALUMINIUM HYDROXIDE.

aluminium Symbol Al. A silvery-
white lustrous metallic element be-
longing to *group 3 (formerly IIIB) of
the periodic table; a.n. 13; r.a.m.
26.98; r.d. 2.7; m.p. 660°C; b.p.
2467°C. The metal itself is highly re-
active but is protected by a thin
transparent layer of the oxide, which
forms quickly in air. Aluminium and
its oxide are amphoteric. The metal
is extracted from purified bauxite
(Al,04) by electrolysis; the main
process uses a *Hall-Heroult cell but
other electrolytic methods are under
development, including conversion
of bauxite with chlorine and electrol-
ysis of the molten chloride. Pure alu-
minium is soft and ductile but its
strength can be increased by work-
hardening. A large number of alloys
are manufactured; alloying elements
include copper, manganese, silicon,
zinc, and magnesium. Its lightness,
strength (when alloyed), corrosion re-
sistance, and electrical conductivity
(62% of that of copper) make it suit-
able for a variety of uses, including
vehicle and aircraft construction,
building (window and door frames),
and overhead power cables. Al-
though it is the third most abundant
element in the earth’s crust (8.1% by
weight) it was not isolated until 1825
by H. C. *Oersted.

[ @) e wes ks ]
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aluminium acetate See ALU-
MINIUM ETHANOATE.

aluminium chloride A whitish
solid, AICl;, which fumes in moist air
and reacts violently with water (to
give hydrogen chloride). It is known
as the anhydrous salt (hexagonal; r.d.
2.44 (fused solid); m.p. 190°C (2.5
atm.); sublimes at 178°C) or the hexa-
hydrate AlCl;.6H,0 (rhombic; r.d.

cl. Cl
N - Cl\AI\\\\
o o N

Aluminium chloride

2.398; loses water at 100°C), both of
which are deliquescent. Aluminium
chloride may be prepared by passing
hydrogen chloride or chlorine over
hot aluminium or (industrially) by
passing chlorine over heated alu-
minium oxide and carbon. The chlo-
ride ion is polarized by the small
positive aluminium ion and the
bonding in the solid is intermediate
between covalent and ionic. In the
liquid and vapour phases dimer mol-
ecules exist, Al,Clg, in which there
are chlorine bridges making coordi-
nate bonds to aluminium atoms (see
formula). The AlCl; molecule can also
form compounds with other mol-
ecules that donate pairs of electrons
(e.g. amines or hydrogen sulphide);
i.e. it acts as a Lewis *acid. At high
temperatures the Al,Clg molecules in
the vapour dissociate to (planar)
AlCl; molecules. Aluminium chloride
is used commercially as a catalyst in
the cracking of oils. It is also a cata-
lyst in certain other organic reac-
tions, especially the Friedel-Crafts
reaction.

aluminium ethanoate (aluminium
acetate) A white solid, AI(OOCCHj,),,
which decomposes on heating, is
very slightly soluble in cold water,
and decomposes in warm water. The
normal salt, AI(OOCCHj3;);, can only
be made in the absence of water (e.g.
ethanoic anhydride and aluminium
chloride at 180°C); in water it forms
the basic salts Al(OH)(OOCCHs;), and
Al,(OH),(OOCCHy3),. The reaction of
aluminium hydroxide with ethanoic
acid gives these basic salts directly.
The compound is used extensively in
dyeing as a mordant, particularly in
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aluminium oxide

combination with aluminium sul-
phate (known as red liquor); in the
paper and board industry for sizing
and hardening; and in tanning. It
was previously used as an antiseptic
and astringent.

aluminium hydroxide A white
crystalline compound, Al(OH)5; r.d.
2.42-2.52. The compound occurs nat-
urally as the mineral gibbsite (mono-
clinic). In the laboratory it can be
prepared by precipitation from
solutions of aluminium salts. Such
solutions contain the hexaquo-
aluminium(III) ion with six water
molecules coordinated, [Al(H,0)c)*".
In neutral solution this ionizes:

[Al(H,0)6]** === H* + [Al(H,0)sOHJ**
The presence of a weak base such as
S2- or COz*" (by bubbling hydrogen
sulphide or carbon dioxide through
the solution) causes further ioniza-
tion with precipitation of aluminium
hydroxide

[Al(H,0)6]**(aq) — Al(H,0)5(OH)y(s) +

3H*(aq)
The substance contains coordinated
water molecules and is more cor-
rectly termed hydrated aluminium
hydroxide. In addition, the precipi-
tate has water molecules trapped in
it and has a characteristic gelatinous
form. The substance is amphoteric.
In strong bases the *aluminate ion is
produced by loss of a further proton:

Al(H,0)5(OH)5(s) + OH(aq) ==

[Al(H,0),(OH)4]"(aq) + H,O(1)
On heating, the hydroxide trans-
forms to a mixed oxide hydroxide,
AlO.OH (rhombic; r.d. 3.01). This sub-
stance occurs naturally as diaspore
and boehmite. Above 450°C it trans-
forms to y-alumina.

In practice various substances can
be produced that are mixed crys-
talline forms of Al(OH),, A10.0H, and
aluminium oxide (Al,O5;) with water
molecules. These are known as hy-

drated alumina. Heating the hydrated
hydroxide causes loss of water, and
produces various activated aluminas,
which differ in porosity, number of
remaining -OH groups, and particle
size. These are used as catalysts (par-
ticularly for organic dehydration re-
actions), as catalyst supports, and in
chromatography. Gelatinous freshly
precipitated aluminium hydroxide
was formerly widely used as a mor-
dant for dyeing and calico printing
because of its ability to form insolu-
ble coloured *lakes with vegetable
dyes. See also ALUMINIUM OXIDE.

aluminium oxide (alumina) A
white or colourless oxide of alu-
minium occurring in two main
forms. The stable form o-alumina
(r.d. 3.97; m.p. 2015°C; b.p. 2980 +
60°C) has colourless hexagonal or
rhombic crystals; y-alumina (r.d.
3.5-3.9) transforms to the o-form on
heating and is a white microcrys-
talline solid. The compound occurs
naturally as corundum or emery in
the o-form with a hexagonal-close-
packed structure of oxide ions with
aluminium ions in the octahedral in-
terstices. The gemstones ruby and
sapphire are aluminium oxide
coloured by minute traces of
chromium and cobalt respectively. A
number of other forms of aluminium
oxide have been described (B-, &, and
C-alumina) but these contain alkali-
metal ions. There is also a short-lived
spectroscopic suboxide AlO. The
highly protective film of oxide
formed on the surface of aluminium
metal is yet another structural varia-
tion, being a defective rock-salt form
(every third Al missing).

Pure aluminium oxide is obtained
by dissolving the ore bauxite in
sodium hydroxide solution; impuri-
ties such as iron oxides remain in-
soluble because they are not
amphoteric. The hydrated oxide is
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precipitated by seeding with material
from a previous batch and this is
then roasted at 1150-1200°C to give
pure o-alumina, or at 500-800°C to
give y-alumina. The bonding in alu-
minium hydroxide is not purely ionic
due to polarization of the oxide ion.
Although the compound might be
expected to be amphoteric, o-alu-
mina is weakly acidic, dissolving in
alkalis to give solutions containing
aluminate ions; it is resistant to acid
attack. In contrast y-alumina is typi-
cally amphoteric dissolving both in
acids to give aluminium salts and in
bases to give aluminates. o-alumina
is one of the hardest materials
known (silicon carbide and diamond
are harder) and is widely used as an
abrasive in both natural (corundum)
and synthetic forms. Its refractory
nature makes alumina brick an ideal
material for furnace linings and alu-
mina is also used in cements for
high-temperature conditions. See also
ALUMINIUM HYDROXIDE.

aluminium potassium sulphate
(potash alum; alum) A white or
colourless crystalline compound,
Aly(S0,)3.K,50,.24H,0; r.d. 1.757;
loses 18H,0 at 92.5°C; becomes anhy-
drous at 200°C. It forms cubic or oc-
tahedral crystals that are soluble in
cold water, very soluble in hot water,
and insoluble in ethanol and acetone.
The compound occurs naturally as
the mineral kalinite. It is a double
salt and can be prepared by recrystal-
lization from a solution containing
equimolar quantities of potassium
sulphate and aluminium sulphate. It
is used as a mordant for dyeing and
in the tanning and finishing of
leather goods (for white leather). See
also ALUMS.

aluminium sulphate A white or
colourless crystalline compound,
Al,(SO,4);, known as the anhydrous
compound (r.d. 2.71; decomposes at

770°C) or as the hydrate Al,(SO)s.
18H,0 (monoclinic; r.d. 1.69; loses
water at 86.5°C). The anhydrous salt
is soluble in water and slightly solu-
ble in ethanol; the hydrate is very
soluble in water and insoluble in
ethanol. The compound occurs natu-
rally in the rare mineral alunogenite
(Al,(SO);.18H,0). It may be prepared
by dissolving aluminium hydroxide
or china clays (aluminosilicates) in
sulphuric acid. It decomposes on
heating to sulphur dioxide, sulphur
trioxide, and aluminium oxide. Its so-
lutions are acidic because of hydroly-
sis.

Aluminium sulphate is commer-
cially one of the most important alu-
minium compounds; it is used in
sewage treatment (as a flocculating
agent) and in the purification of
drinking water, the paper industry,
and in the preparation of mordants.
It is also a fire-proofing agent. Alu-
minium sulphate is often wrongly
called alum in these industries.

aluminium trimethyl See
TRIMETHYLALUMINIUM.

alums A group of double salts with
the formula A,SO,.B,(SO,4);.24H,0,
where A is a monovalent metal and B
a trivalent metal. The original exam-
ple contains potassium and alu-
minium (called potash alum or
simply alum); its formula is often
written AIK(SO,),.12H,0 (aluminium
potassium sulphate-12-water). Ammo-
nium alum is AINH,(SO,),.12H,0,
chrome alum is KCr(SO,),.12H,0 (see
POTASSIUM CHROMIUM SULPHATE), etc.
The alums are isomorphous and can
be made by dissolving equivalent
amounts of the two salts in water
and recrystallizing. See also ALU-
MINIUM SULPHATE.

alunogenite A mineral form of
hydrated *aluminium sulphate,
Aly(SO,)3.18H,0.
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amides

amalgam An alloy of mercury with
one or more other metals. Most met-
als form amalgams (iron and plat-
inum are exceptions), which may be
liquid or solid. Some contain definite
intermetallic compounds, such as
NaHg,.

amatol A high explosive consisting
of a mixture of ammonium nitrate
and trinitrotoluene.

ambident Describing a chemical
species that has two alternative reac-
tive centres such that reaction at one
centre stops or inhibits reaction at
the other. An example is the *eno-
late ion in which electrophilic attack
can occur at either the oxygen atom
or at the beta-carbon atom.

ambidentate Describing a ligand
that can coordinate at two different
sites. For example, the NO, molecule
can coordinate through the N atom
(the nitro ligand) or through an O
atom (the nitrido ligand). Complexes
that differ only in the way the ligand
coordinates display linkage isomerism.

ambo- A prefix used to indicate that
a substance is present as a mixture
of racemic diastereoisomers in un-
specified proportions. For example, if
L-alanine is reacted with pi-leucine,
the resulting dipeptide can be de-

scribed as r-alanyl-ambo-leucine, to
indicate the mixture.

americium Symbol Am. A radio-
active metallic transuranic element
belonging to the *actinoids; a.n. 95;
mass number of most stable isotope
243 (half-life 7.95 x 103 years); r.d.
13.67 (20°C); m.p. 994 + 4°C; b.p.
2607°C. Ten isotopes are known. The
element was discovered by G. T.
Seaborg and associates in 1945, who
obtained it by bombarding ura-
nium-238 with alpha particles.

[ &) see wes Lnks
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amethyst The purple variety of the
mineral *quartz. It is found chiefly in
Brazil, the Urals (Soviet Union), Ari-
zona (USA), and Uruguay. The colour
is due to impurities, especially iron
oxide. It is used as a gemstone.

amides 1. Organic compounds con-
taining the group -CO.NH, (the
amide group). Compounds contain-
ing this group are primary amides.
Secondary and tertiary amides can
also exist, in which the hydrogen
atoms on the nitrogen are replaced
by one or two other organic groups
respectively. Simple examples of pri-
mary amides are ethanamide,
CH;CONH,, and propanamide,
C,HsCONH,. They are made by heat-

H H H,C CH,
e T
'L I!I g\imino group
ammonia secaﬁ'aé’ry amine

(dimethylamine)

H,C

CH,
\N/

amino group CH3

tertiary amine
(trimethylamine)

primary amine
(methylamine)

Amines
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amide group

Amides

ing the ammonium salt of the corre-
sponding carboxylic acid. Amides can
also be made by reaction of ammonia
(or an amine) with an acyl halide. See
also HOFMANN’S REACTION. 2. Inor-
ganic compounds containing the ion
NH,, e.g. KNH, and Cd(NH,),. They
are formed by the reaction of ammo-
nia with electropositive metals.

[ §)) see wes Links |

¢ Information about IUPAC nomenclature
amidol See AMINOPHENOL.

amination A chemical reaction in
which an amino group (-NH,) is in-
troduced into a molecule. Examples
of amination reaction include the re-
action of halogenated hydrocarbons
with ammonia (high pressure and
temperature) and the reduction of
nitro compounds and nitriles.

amines Organic compounds de-
rived by replacing one or more of the
hydrogen atoms in ammonia by or-
ganic groups (see illustration). Pri-
mary amines have one hydrogen
replaced, e.g. methylamine, CH;NH,,.
They contain the functional group
-NH, (the amino group). Secondary
amines have two hydrogens replaced,
e.g. methylethylamine, CH;(C,Hs)NH.
Tertiary amines have all three hydro-
gens replaced, e.g. trimethylamine,
(CH;)sN. Amines are produced by the
decomposition of organic matter.
They can be made by reducing nitro
compounds or amides. See also IMINES.
[ @) see wes s ]
¢ Information about IUPAC nomenclature
of primary amines
¢ Information about IUPAC nomenclature
of secondary and tertiary amines

amine salts Salts similar to ammo-
nium salts in which the hydrogen
atoms attached to the nitrogen are
replaced by one or more organic
groups. Amines readily form salts by
reaction with acids, gaining a proton
to form a positive ammonium ion,
They are named as if they were sub-
stituted derivatives of ammonium
compounds; for example, dimethy-
lamine ((CH;),NH) will react with
hydrogen chloride to give dimethyl-
ammonium chloride, which is an
ionic compound [(CH;),NH,|*Cl~.
When the amine has a common non-
systematic name the suffix -ium can
be used; for example, phenylamine
(aniline) would give [C¢HsNH;]*Cl-,
known as anilinium chloride. For-
merly, such compounds were some-
times called hydrochlorides, e.g.
aniline hydrochloride with the for-
mula CgHsNH, . HCI.

Salts formed by amines are crys-
talline substances that are readily
soluble in water. Many insoluble
*alkaloids (e.g. quinine and atropine)
are used medicinally in the form of
soluble salts (‘hydrochlorides’). If al-
kali (sodium hydroxide) is added to
solutions of such salts the free amine
is liberated.

If all four hydrogen atoms of an
ammonium salt are replaced by or-
ganic groups a quaternary ammo-
nium compound is formed. Such
compounds are made by reacting ter-
tiary amines with halogen com-
pounds; for example, trimethylamine
((CH;);N) with chloromethane
(CH;Cl) gives tetramethylammonium
chloride, (CH;),N*CI-. Salts of this
type do not liberate the free amine
when alkali is added, and quaternary
hydroxides (such as (CH;),N*OH") can
be isolated. Such compounds are
strong alkalis, comparable to sodium
hydroxide.

amino acid Any of a group of
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water-soluble organic compounds
that possess both a carboxyl (-COOH)
and an amino (-NH,) group attached
to the same carbon atom, called the
o-carbon atom. Amino acids can be
represented by the general formula
R-CH(NH,)COOH. R may be hydrogen
or an organic group and determines
the properties of any particular
amino acid. Through the formation
of peptide bonds, amino acids join to-
gether to form short chains (*pep-
tides) or much longer chains
(*polypeptides). Proteins are com-
posed of various proportions of about
20 commonly occurring amino acids
(see table on pp 30-31). The sequence
of these amino acids in the protein
polypeptides determines the shape,
properties, and hence biological role
of the protein. Some amino acids
that never occur in proteins are nev-
ertheless important, e.g. ornithine
and citrulline, which are intermedi-
ates in the urea cycle.

Plants and many microorganisms
can synthesize amino acids from sim-
ple inorganic compounds, but ani-
mals rely on adequate supplies in
their diet. The *essential amino acids
must be present in the diet whereas
others can be manufactured from
them.

(@/ SEE WEB LINKS

¢ Information about IUPAC nomenclature

amino acid racemization (AAR)
A dating technique used in archaeol-
ogy based on the relative amounts of
the optical isomers of an amino acid
in a sample. In most organisms, the
Lisomer of the amino acid is the one
produced by metabolism. When the
organism dies, this isomer slowly
converts into the p-form, and eventu-
ally an equilibrium is reached in
which the two forms are present in
equal amounts. Measuring the pro-
portions of the 1- and D-forms in a
sample can, in principle, give an esti-

mate of the time since death. Not all
amino acids racemize at the same
rate, and the rate of the process de-
pends on other factors such as mois-
ture and temperature. Most work has
been done using leucine or aspartic
acid.

A particular application in forensic
science involves measuring the DJL
ratio of aspartic acid in the dentine
of teeth. Once a tooth has fully
formed, the dentine is isolated by the
enamel and then racemization takes
place in the living subject at a fairly
constant temperature and moisture
level. Measuring the ratio gives a
fairly good estimate of the age of the
subject (rather than the time since
death).

aminobenzene Sec¢ PHENYLAMINE.
amino group See AMINES.

aminophenol Any of various or-
ganic compounds used as reducing
agents, especially as photographic
developers, and for making dyes. Ex-
amples include amidol (the dihydro-
chloride of 2,4-diaminophenol),
metol (the hemisulphate of 4-methyl-
aminophenol) and rhodinol (4-methyl-
aminophenol).

o-aminotoluene See BENZYLAMINE.

ammine A coordination *complex
in which the ligands are ammonia
molecules. An example of an am-
mine is the tetraamminecopper(II)
ion [Cu(NH;),J**

ammonia A colourless gas, NH;,
with a strong pungent odour; r.d.
0.59 (relative to air); m.p. -77.7°C;
b.p. -33.35°C. It is very soluble in
water and soluble in alcohol. The
compound may be prepared in the
laboratory by reacting ammonium
salts with bases such as calcium hy-
droxide, or by the hydrolysis of a ni-
tride. Industrially it is made by the
*Haber process and over 80 million
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amino acid

alanine

arginine

asparagine

aspartic acid

cysteine

glutamic acid

glutamine

glycine

*histidine

*isoleucine

*leucine

*lysine

abbreviation
3-letter  1-letter

Ala A
Arg R
Asn N
Asp D
Cys C
Glu E
Gin Q
Gly G
His H
lle |

Leu L
Lys K

formula

|
CH, —C — COOH
|

NH,

]
H,N— ﬁ_ NH— CH,— CH,— CHZ—(IJ —COOH
NH NH
T 2
H,N — C— CH,—C —COOH
I |
0 NH,
f
HOOC— CH,—C —COOH
|

NH,

]
HS — CH,—C —COOH
|

NH
2y

I
HOOC— CH,— CH,—C —COOH
|

NH2
|
H N
2NN
040 —CH,— CHZ_(I: —COOH
NH2
|
H—C —COOH
|
NH

H
HC=C — CHZ—(I,‘—COOH
NN
\\C/
H H
CH,— CHZ—CH—CIE —COOH

CH; NH,
|
H.C
3V
CH—CH,—C—COOH
H.C— 2 I

3

NH,

]
H,N —CH,— CH,— CH,— CH,— (I: —COOH

NH,
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|
*methionine Met M CH; —S—CH,— CHZ—(IS—COOH
NH2
|
*phenylalanine Phe F @—CHZ—C—COOH
|
NHz
proline Pro P HZC—CH2 H\C—C
(|: —> OH” | 2
HGQ FHTCOOH 7y ¢ cH—coom
2N/
N
H H
4-hydroxyproline
I
serine Ser S HO—CHZ—C— COOH
|
NH2
|
*threonine Thr T CH;— ICH—(Ij— COOH
OH NH2
)
*tryptophan Trp W i _CHz_C_ COOH
N NH,
H
I
*tyrosine Tyr Y HO—@— CHZ—(Ii— COOH
NH2
)
H,C
*valine Val v "™ CH—C— COOH
H,C |
NH2

*an essential amino acid

The amino acids occurring in proteins

tonnes per year are used either di-
rectly or in combination. Major uses
are the manufacture of nitric acid,
ammonium nitrate, ammonium
phosphate, and urea (the last three as
fertilizers), explosives, dyestuffs and
resins.

Liquid ammonia has some similar-
ity to water as it is hydrogen bonded
and has a moderate dielectric con-

stant, which permits it to act as an
ionizing solvent. It is weakly self-
ionized to give ammonium ions,
NH,* and amide ions, NH,". It also
dissolves electropositive metals to
give blue solutions, which are be-
lieved to contain solvated electrons.
Ammonia is extremely soluble in
water giving basic solutions that con-
tain solvated NH; molecules and
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small amounts of the ions NH,* and
OH~. The combustion of ammonia in
air yields nitrogen and water. In the
presence of catalysts NO, NO,, and
water are formed; this last reaction is
the basis for the industrial produc-
tion of nitric acid. Ammonia is a
good proton acceptor (i.e. it is a base)
and gives rise to a series of ammo-
nium salts, e.g.

NH, + HCl — NH,* + CI-.

It is also a reducing agent.

The participation of ammonia in
the *nitrogen cycle is a most impor-
tant natural process. Nitrogen-fixing
bacteria are able to achieve similar
reactions to those of the Haber
process, but under normal conditions
of temperature and pressure. These
release ammonium ions, which are
converted by nitrifying bacteria into
nitrite and nitrate ions.

ammoniacal Describing a solution
in which the solvent is aqueous am-
monia.

ammonia clock A form of atomic
clock in which the frequency of a
quartz oscillator is controlled by

the vibrations of excited ammonia
molecules. The ammonia molecule
(NH;) consists of a pyramid with a ni-
trogen atom at the apex and one hy-
drogen atom at each corner of the
triangular base. When the molecule
is excited, once every 20.9 microsec-
onds the nitrogen atom passes
through the base and forms a pyra-
mid the other side: 20.9 microsec-
onds later it returns to its original
position. This vibration back and
forth has a frequency of 23 870 hertz
and ammonia gas will only absorb
excitation energy at exactly this fre-
quency. By using a crystal oscillator
to feed energy to the gas and a suit-
able feedback mechanism, the oscil-
lator can be locked to exactly this
frequency.

ammonia-soda process See
SOLVAY PROCESS.

ammonium alum See ALUMS.

ammonium bicarbonate Sce Am-
MONIUM HYDROGENCARBONATE.

ammonium carbonate A colour-
less or white crystalline solid,
(NH,),COs3, usually encountered as
the monohydrate. It is very soluble in
cold water. The compound decom-
poses slowly to give ammonia, water,
and carbon dioxide. Commercial ‘am-
monium carbonate’ is a double salt
of ammonium hydrogencarbonate
and ammonium aminomethanoate
(carbamate), NH,HCO;.NH,COONH,.
This material is manufactured by
heating a mixture of ammonium
chloride and calcium carbonate and
recovering the product as a sublimed
solid. It readily releases ammonia
and is the basis of sal volatile. It is
also used in dyeing and wool prepa-
ration and in baking powders.

ammonium chloride (sal ammo-
niac) A white or colourless cubic
solid, NH,CI; r.d. 1.53; sublimes at
340°C. It is very soluble in water and
slightly soluble in ethanol but insolu-
ble in ether. It may be prepared by
fractional crystallization from a solu-
tion containing ammonium sulphate
and sodium chloride or ammonium
carbonate and calcium chloride. Pure
samples may be made directly by the
gas-phase reaction of ammonia and
hydrogen chloride. Because of its
ease of preparation it can be manu-
factured industrially alongside any
plant that uses or produces ammo-
nia. The compound is used in dry
cells, metal finishing, and in the
preparation of cotton for dyeing and
printing.

ammonium hydrogencarbonate
(ammonium bicarbonate) A white
crystalline compound, NH,HCO. It is



33

ampere

formed naturally as a decay product
of nitrogenous matter and is made
commercially by various methods:
the action of carbon dioxide and
steam on a solution of ammonium
carbonate; heating commercial am-
monium carbonate (which always
contains some hydrogencarbonate);
and the interaction of ammonia, car-
bon dioxide, and water vapour. It is
used in some *baking powders and
medicines.

ammonium ion The monovalent
cation NH,*. It may be regarded as
the product of the reaction of ammo-
nia (a Lewis base) with a hydrogen
ion. The ion has tetrahedral symme-
try. The chemical properties of am-
monium salts are frequently very
similar to those of equivalent alkali-
metal salts.

ammonium nitrate A colourless
crystalline solid, NH,NO3; r.d. 1.72;
m.p. 169.6°C; b.p. 210°C. It is very
soluble in water and soluble in
ethanol. The crystals are rhombic
when obtained below 32°C and
monoclinic above 32°C. It may be
readily prepared in the laboratory by
the reaction of nitric acid with aque-
ous ammonia. Industrially, it is man-
ufactured by the same reaction using
ammonia gas. Vast quantities of am-
monium nitrate are used as fertiliz-
ers (over 20 million tonnes per year)
and it is also a component of some
explosives.

ammonium sulphate A white
rhombic solid, (NH,),SO,; r.d. 1.77;
decomposes at 235°C. It is very solu-

ble in water and insoluble in ethanol.

It occurs naturally as the mineral
mascagnite. Ammonium sulphate
was formerly manufactured from the
‘ammoniacal liquors’ produced dur-
ing coal-gas manufacture but is now
produced by the direct reaction be-
tween ammonia gas and sulphuric

acid. It is decomposed by heating to
release ammonia (and ammonium
hydrogensulphate) and eventually
water, sulphur dioxide, and ammo-
nia. Vast quantities of ammonium
sulphate are used as fertilizers.

ammonium thiocyanate A
colourless, soluble crystalline com-
pound, NH,NCS. It is made by the
action of hydrogen cyanide on am-
monium sulphide or from ammonia
and carbon disulphide in ethanol. On
heating, it turns into its isomer
thiourea, SC(NH,),. Its solutions give
a characteristic blood-red colour with
iron(IlI) compounds and so are em-
ployed as a test for ferric iron. Am-
monium thiocyanate is used as a
rapid fixative in photography and as
an ingredient in making explosives.

amorphous Describing a solid that
is not crystalline; i.e. one that has no
long-range order in its lattice. Many
powders that are described as ‘amor-
phous’ in fact are composed of
microscopic crystals, as can be
demonstrated by X-ray diffraction.
*Glasses are examples of true amor-
phous solids.

amount of substance Symbol n.
A measure of the number of entities
present in a substance. The specified
entity may be an atom, molecule,
ion, electron, photon, etc., or any
specified group of such entities. The
amount of substance of an element,
for example, is proportional to the
number of atoms present. For all en-
tities, the constant of proportionality
is the *Avogadro constant. The SI unit
of amount of substance is the *mole.

AMP See ATP; CYCLIC AMP.

ampere Symbol A. The SI unit of
electric current. The constant current
that, maintained in two straight par-
allel infinite conductors of negligible
cross section placed one metre apart
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in a vacuum, would produce a force
between the conductors of 2 x 1077

N m~. This definition replaced the
earlier international ampere defined
as the current required to deposit
0.001 118 00 gram of silver from a so-
lution of silver nitrate in one second.
The unit is named after the French
physicist André Marie Ampeére (1775-
1836).

ampere-hour A practical unit of
electric charge equal to the charge
flowing in one hour through a con-
ductor passing one ampere. It is
equal to 3600 coulombs.

ampere-turn The SI unit of magne-
tomotive force equal to the magneto-
motive force produced when a
current of one ampere flows through
one turn of a magnetizing coil.

amperometric titration A
method of determining the chemical
composition of a solution by measur-
ing the current passing through a
cell containing the solution; the po-
tential is held constant during the
titration for both the indicator and
reference electrodes, with changes in
the current being measured. The cur-
rent flowing through the cell is meas-
ured as a function of the amount of
substance being titrated.

amphetamine A drug, 1-phenyl-2-
aminopropane (or a derivative of this
compound), that stimulates the cen-
tral nervous system by causing the
release of the transmitters noradren-
aline and dopamine from nerve end-
ings. It inhibits sleep, suppresses the
appetite, and has variable effects on
mood; prolonged use can lead to ad-
diction.

amphetamines A group of syn-
thetic stimulants, with structures
based in phenyl amines. Ampheta-
mine itself has the formula

C¢H5CH,CH(NH,)CH,.

Methamphetamine has a methyl
group on the amino group, i.e.
Ce¢HsCH,CH(NHCH;)CH.
The hydrochloride of methampheta-
mine can be crystallized giving a par-
ticularly powerful form known as
‘ice’ or crystal meth. Other examples
of amphetamines are *ecstasy and
*mescaline. In the UK, ampheta-
mines are class B controlled sub-
stances (or class A if prepared for
injection).

amphiboles A large group of rock-
forming metasilicate minerals. They
have a structure of silicate tetrahedra
linked to form double endless chains,
in contrast to the single chains of the
*pyroxenes, to which they are
closely related. They are present in
many igneous and metamorphic
rocks. The amphiboles show a wide
range of compositional variation but
conform to the general formula:
X5-3Y5Z30,,(0OH),, where X = Ca, Na,
K, Mg, or Fe?"; Y = Mg, Fe?*, Fe3*, Al,
Ti, or Mn; and Z = Si or Al. The hy-
droxyl ions may be replaced by F, CI,
or O. Most amphiboles are mono-
clinic, including:

cummingtonite, (Mg,Fe?*),(SigO,,)-
(OH),; tremolite, Ca,Mgs(SigO,,)-
(OH,F),; actinolite, Ca,(Mg,Fe?*)s-
(Sig0,,)(OH,F),; *hornblende,
NaCa,(Mg,Fe2* Fe3* Al)5((Si,A1)s0,,)-
(OH,F),; edenite, NaCa,(Mg,Fe?*)s-
(Si;AlO,,)(OH,F),; and riebeckite,
Na,,Fe;2*(Sig0,,)(OH,F),. Anthophyl-
lite, (Mg,Fe?*),(SigO,,)(OH,F),, and
gedrite, (Mg,Fe?*);Al(Si,Al)gO,,)-
(OH,F),, are orthorhombic amphi-
boles.

amphibolic pathway A biochemi-
cal pathway that serves both anabolic
and catabolic processes. An impor-
tant example of an amphibolic path-
way is the *Krebs cycle, which
involves both the catabolism of car-
bohydrates and fatty acids and the
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synthesis of anabolic precursors for
amino-acid synthesis.

amphiphilic Describing a molecule
that has both hydrophilic and hy-
drophobic parts, as in *detergents.

amphiprotic See AMPHOTERIC; SOL-
VENT.

ampholyte A substance that can
act as either an acid, in the presence
of a strong base, or a base, when in
the presence of a strong acid.

ampholyte ion See ZWITTERION.

amphoteric Describing a com-
pound that can act as both an acid
and a base (in the traditional sense of
the term). For instance, aluminium
hydroxide is amphoteric: as a base
Al(OH); it reacts with acids to form
aluminium salts; as an acid H;AlO; it
reacts with alkalis to give *alumi-
nates. Oxides of metals are typically
basic and oxides of nonmetals tend
to be acidic. The existence of ampho-
teric oxides is sometimes regarded as
evidence that an element is a *metal-
loid. Compounds such as the amino
acids, which contain both acidic and
basic groups in their molecules, can
also be described as amphoteric. Sol-
vents, such as water, that can both
donate and accept protons are usu-
ally described as amphiprotic (see sor-
VENT).

AMT See ALPHAMETHYLTRYPTAMINE.
a.m.u. See ATOMIC MASS UNIT.

amylase Any of a group of closely
related enzymes that degrade starch,
glycogen, and other polysaccharides.
Plants contain both o- and -
amylases; the name diastase is given
to the component of malt containing
B-amylase, important in the brewing
industry. Animals possess only o-
amylases, found in pancreatic juice
(as pancreatic amylase) and also (in
humans and some other species) in

saliva (as salivary amylase or ptyalin).
Amylases cleave the long polysaccha-
ride chains, producing a mixture of
glucose and maltose.

amyl group Formerly, any of sev-
eral isomeric groups with the for-
mula CsHy4-.

amylopectin A *polysaccharide
comprising highly branched chains
of glucose molecules. It is one of the
constituents (the other being amy-
lose) of *starch.

amylose A *polysaccharide consist-
ing of linear chains of between 100
and 1000 linked glucose molecules.
Amylose is a constituent of *starch.
In water, amylose reacts with iodine
to give a characteristic blue colour.

anabolic steroids Steroid hor-
mones related to the male sex hor-
mone testosterone. They promote
the development of masculine char-
acteristics and increase muscle
growth. Anabolic steroids have been
used medically for various conditions
but are also used illegally by sports-
men and women and by body-
builders. They have a number of
deleterious side effects and are a con-
trolled drug in the UK and many
other countries. Their use is banned
by nearly all major sports regulating
bodies. They can be detected in blood
and urine by gas chromatography-
mass spectroscopy.

anabolism The metabolic synthesis
of proteins, fats, and other con-
stituents of living organisms from
molecules or simple precursors. This
process requires energy in the form
of ATP. Drugs that promote such
metabolic activity are described as
anabolic. See METABOLISM. Compare CA-
TABOLISM.

Analar reagent A chemical
reagent of high purity with known
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contaminants for use in chemical
analyses.

analyser A device, used in the *po-
larization of light, that is placed in
the eyepiece of a *polarimeter to ob-
serve plane-polarized light. The
analyser, which may be a *Nicol
prism or *Polaroid, can be oriented
in different directions to investigate
in which plane an incoming wave is
polarized or if the light is plane po-
larized. If there is one direction from
which light does not emerge from
the analyser when it is rotated, the
incoming wave is plane polarized. If
the analyser is horizontal when ex-
tinction of light takes place, the po-
larization of light must have been in
the vertical plane. The intensity of a
beam of light transmitted through an
analyser is proportional to cos26,
where 0 is the angle between the
plane of polarization and the plane
of the analyser. Extinction is said to
be produced by ‘crossing’ the *polar-
izer and analyser.

analysis The determination of the
components in a chemical sample.
Qualitative analysis involves deter-
mining the nature of a pure un-
known compound or the compounds
present in a mixture. Various chemi-
cal tests exist for different elements
or types of compound, and system-
atic analytical procedures can be
used for mixtures. Quantitative
analysis involves measuring the pro-
portions of known components in a
mixture. Chemical techniques for
this fall into two main classes: *volu-
metric analysis and *gravimetric
analysis. In addition, there are numer-
ous physical methods of qualitative
and quantitative analysis, including
spectroscopic techniques, mass spec-
trometry, polarography, chromatog-
raphy, activation analysis, etc.

anchimeric assistance See NEIGH-
BOURING-GROUP PARTICIPATION.

Andrews titration A titration
used to estimate amounts of reduc-
ing agents. The reducing agent being
estimated is dissolved in concen-
trated hydrochloric acid and titrated
with a solution of potassium iodate.
A drop of tetrachloromethane is
added to the solution. The end point
of the titration is reached when the
iodine colour disappears from this
layer. This is due to the reducing
agent being oxidized and the iodate
being reduced to ICl. This reaction in-
volves a four-electron change.

ANFO Ammonium nitrate-fuel oil.
A mixture used extensively as a blast-
ing agent in mining and quarrying.
The proportions are approximately
94% ammonium nitrate and 6% fuel
oil. ANFO has been used in terrorist
attacks (e.g. an attack on the Murrah
Federal Building, Oklahoma City, in
1995).

angle-resolved photoelectron
spectroscopy (ARPES) A technique
for studying the composition and
structure of surfaces by measuring
both the kinetic energy and angular
distribution of photoelectrons
ejected from a surface by electromag-
netic radiation. See also PHOTOELEC-
TRON SPECTROSCOPY.

anglesite A mineral form of
*lead(Il) sulphate, PbSO,.

angle strain The departure of a
bond angle from its normal value.
The effects of angle strain are often
apparent in aliphatic ring com-
pounds. For example, in cyclopen-
tane, CsH,,, the angles between the
bonds of the ring differ from the nor-
mal tetrahedral angle (109° 28’),
which is found in cyclohexane. This
ring form of angle strain is often
called Baeyer strain.



37

anilinium ion

angstrom Symbol A. A unit of
length equal to 1071 metre. It was
formerly used to measure wave-
lengths and intermolecular distances
but has now been replaced by the
nanometre. 1 A = 0.1 nanometre. The
unit is named after A. J. *Angstrém.

Angstrom, Anders Jonas (1814-
74) Swedish astronomer and physi-
cist who became professor of physics
at the University of Uppsala from
1858 until his death. He worked
mainly with emission *spectra,
demonstrating the presence of hydro-
gen in the sun. He also worked out
the wavelengths of *Fraunhofer lines.
Since 1905 spectral wavelengths
have been expressed in *angstroms.

angular momentum A property
of a rotating body. In the case of a
rigid rotating body the angular mo-
mentum is given by Io, where I is the
*moment of inertia of the body and
o is its angular velocity. The quan-
tum theory of angular momentum is
closely associated with the *rotation
group and has important applica-
tions in the electronic structure of
atoms and diatomic molecules and
*rotational spectroscopy of mol-
ecules. Electron spin is a type of an-
gular momentum.

anharmonicity The extent to
which the oscillation of an oscillator
differs from simple harmonic mo-
tion. In molecular vibrations the an-
harmonicity is very small near the
equilibrium position, becomes large
as the vibration moves away from
the equilibrium position, and is very
large as dissociation is approached.
Anharmonicity is taken into account
in molecular vibrations by adding an
anharmonicity term to the potential
energy function of the molecule.

For a harmonic oscillator the poten-
tial energy function U is given by

U =fir - ro)*> where r is the inter-

atomic distance, . is the equilibrium
interatomic distance, and fis a con-
stant. Anharmonicity is taken into
account by adding a cubic term g(r -
7e)° to the quadratic term, where g is
much smaller than f. Higher terms in
(r - r.) can be added to improve the
description of anharmonicity.

anharmonic oscillator An oscil-
lating system (in either classical me-
chanics or *quantum mechanics)
that is not oscillating in simple har-
monic motion. In general, the prob-
lem of an anharmonic oscillator is
not exactly soluble, although many
systems approximate to harmonic os-
cillators and for such systems the
*anharmonicity can be calculated
using *perturbation theory.

anhydride A compound that pro-
duces a given compound on reaction
with water. For instance, sulphur tri-
oxide is the (acid) anhydride of sul-
phuric acid SO; + H,0 — H,SO,.

See also ACID ANHYDRIDES.

anhydrite An important rock-
forming anhydrous mineral form of
calcium sulphate, CaSO,. It is chemi-
cally similar to *gypsum but is
harder and heavier and crystallizes in
the rhombic form (gypsum is mono-
clinic). Under natural conditions an-
hydrite slowly hydrates to form
gypsum. It occurs chiefly in white
and greyish granular masses and is
often found in the caprock of certain
salt domes. It is used as a raw ma-
terial in the chemical industry and in
the manufacture of cement and fer-
tilizers.

anhydrous Denoting a chemical
compound lacking water: applied
particularly to salts lacking their
water of crystallization.

aniline See PHENYLAMINE.

anilinium ion The ion C;H;NH;*,
derived from *phenylamine.
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animal charcoal See CHARCOAL.
animal starch See GLYCOGEN.

anion A negatively charged *ion,
i.e. an ion that is attracted to the
*anode in *electrolysis. Compare
CATION.

anionic detergent Se¢ DETERGENT.
anionic resin Sce ION EXCHANGE.

anisotropic Denoting a medium in
which certain physical properties are
different in different directions.
Wood, for instance, is an anisotropic
material: its strength along the grain
differs from that perpendicular to
the grain. Single crystals that are not
cubic are anisotropic with respect to
some physical properties, such as the
transmission of electromagnetic radi-
ation. Compare ISOTROPIC.

annealing A form of heat treat-

H H

H H
[14]-Annulene

H H

[18]-Annulene

Annulenes

ment applied to a metal to soften it,
relieve internal stresses and instabili-
ties, and make it easier to work or
machine. It consists of heating the
metal to a specified temperature for a
specified time, both of which depend
on the metal involved, and then al-
lowing it to cool slowly. It is applied
to both ferrous and nonferrous met-
als and a similar process can be ap-
plied to other materials, such as
glass.

annelation See ANNULATION.

annulation A type of chemical re-
action in which a ring is fused to a
molecule by formation of two new
bonds. Sometimes the term annela-
tion is used. See also CYCLIZATION.

annulenes Organic hydrocarbons
that have molecules containing sim-
ple single rings of carbon atoms

[30]-Annulene
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anoxic reactor

linked by alternating single and dou-
ble bonds. Such compounds have
even numbers of carbon atoms.
*Cyclo-octatetraene, CgHg, is the next
in the series following benzene.
Higher annulenes are usually re-
ferred to by the number of carbon
atoms in the ring, as in [10]-annu-
lene, C;oH,o, [12]-annulene, C,,H,,,
etc. The lower members are not sta-
ble as a result of the interactions be-
tween hydrogen atoms inside the
ring. This is true even for molecules
that have the necessary number of pi
electrons to be *aromatic com-
pounds. Thus, [10]-annulene has 4n +
2 pi electrons with n = 2, but is not
aromatic because it is not planar.
[14]-annulene also has a suitable
number of pi electrons to be aro-
matic (n = 3) but is not planar be-
cause of interaction between the
inner hydrogens.

The compound [18]-annulene is
large enough to be planar and obeys
the Hiickel rule (4n +2 =18, withn=
4). It is a brownish red fairly stable
reactive solid. NMR evidence shows
that it has aromatic character. The
annulene with n =7, [30]-annulene,
can also exist in a planar form but is
highly unstable. See also PSEUDOARO-
MATIC.

anode A positive electrode. In
*electrolysis anions are attracted to
the anode. In an electronic vacuum
tube it attracts electrons from the
*cathode and it is therefore from the
anode that electrons flow out of the
device. In these instances the anode
is made positive by external means;
however in a *voltaic cell the anode
is the electrode that spontaneously
becomes positive and therefore at-
tracts electrons to it from the exter-
nal circuit.

anode sludge See ELECTROLYTIC RE-
FINING.

anodizing A method of coating ob-
jects made of aluminium with a pro-
tective oxide film, by making them
the anode in an electrolytic bath con-
taining an oxidizing electrolyte. An-
odizing can also be used to produce

a decorative finish by formation of
an oxide layer that can absorb a
coloured dye.

anomeric effect If a pyranose ring
has an electronegative substituent at
the anomeric carbon then this sub-
stituent is more likely to take the
axial configuration than the equator-
ial configuration. This is a conse-
quence of a general effect (the
generalized anomeric effect) that in a
chain of atoms X-C-Y-C, in which Y
and X are atoms with nonbonding
electron pairs (e.g. F, O, N), the syn-
clinal conformation is more likely.
For example, in the compound
CH,;-0-CH,CI, rotation can occur
along the O-C bond. The conforma-
tion in which the chlorine atom is
closer to the methyl group is pre-
ferred (the lone pairs on the oxygen
atom act as groups in determining
the conformation).

anomers Diastereoisomers of cyclic
forms of sugars or similar molecules
differing in the configuration at the
C1 atom of an aldose or the C2 atom
of a ketose. This atom is called the
anomeric carbon. Anomers are desig-
nated o if the configuration at the
anomeric carbon is the same as that
at the reference asymmetric carbon
in a Fischer projection. If the configu-
ration differs the anomer is desig-
nated B. The a- and B-forms of
glucose are examples of anomers (see
MONOSACCHARIDE).

anoxic reactor A *bioreactor in
which the organisms being cultured
are anaerobes or in which the reac-
tion being exploited does not require
oxygen.
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anthocyanin One of a group of
*flavonoid pigments. Anthocyanins
occur in various plant organs and are
responsible for many of the blue,
red, and purple colours in plants
(particularly in flowers).

R
R
+
R o
AN R
/
R R

R
Anthocyanin

anthracene A white crystalline
solid, C4H;¢; r.d. 1.28; m.p. 215.8°C;
b.p. 341.4°C. It is an aromatic hydro-
carbon with three fused rings (see
formula), and is obtained by the dis-
tillation of crude oils. The main use
is in the manufacture of dyes.

Anthracene

anthracite See coAL.

anthraquinone A colourless crys-
talling *quinone; m.p. 154°C. It may
be prepared by reacting benzene
with phthalic anhydride. The com-

Anthraquinone

pound is the basis of a range of
dyestuffs. *Alizarin is an example.

anti 1. See TORSION ANGLE. 2. See
E-Z CONVENTION.

antiaromatic See PSEUDOAROMATIC.

antibiotics Substances that destroy
or inhibit the growth of microorgan-
isms, particularly disease-producing
bacteria. Antibiotics are obtained
from microorganisms (especially
moulds) or synthesized. Common
antibiotics include the penicillins,
streptomycin, and the tetracyclines.
They are used to treat various infec-
tions but tend to weaken the body’s
natural defence mechanisms and can
cause allergies. Overuse of antibiotics
can lead to the development of resis-
tant strains of microorganisms.

antibonding orbital Sce orBITAL
anticlinal See TORSION ANGLE.

antiferromagnetism See MAGNET-
ISM.

antifluorite structure A crystal
structure for ionic compounds of the
type M,X, which is the same as the
fluorite (CaF,) structure except that
the positions of the anions and
cations are reversed, i.e. the cations
occupy the F- sites and the anions oc-
cupy the Ca?* sites. Examples of the
antifluorite structure are given by
K,0 and K,S. See FLUORITE STRUCTURE.

antifoaming agent A substance
that prevents a foam from forming,
employed in such processes as elec-
troplating and paper-making, and in
water for boilers. They are com-
pounds that are absorbed strongly by
the liquid (usually water) but lack the
properties that allow foaming. Sub-
stances used include polyamides,
polysiloxanes and silicones.

antifreeze A substance added to
the liquid (usually water) in the cool-
ing systems of internal-combustion
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anti-Stokes radiation

engines to lower its freezing point so
that it does not solidify at sub-zero
temperatures. The commonest an-
tifreeze is *ethane-1,2-diol (ethylene
glycol).

antigorite See SERPENTINE.
anti-isomer See ISOMERISM.

antiknock agent A petrol additive
that inhibits preignition (‘knocking’)
in internal-combustion engines. Anti-
knock agents work by retarding
combustion chain reactions. The
commonest, lead(IV) tetraethyl,
causes environmental pollution, and
its use is being discouraged.

antimonic compounds Com-
pounds of antimony in its +5 oxida-
tion state; e.g. antimonic chloride is
antimony(V) chloride (SbCls).

antimonous compounds Com-
pounds of antimony in its +3 oxida-
tion state; e.g. antimonous chloride is
antimony(III) chloride (SbCly).

antimony Symbol Sb. An element
belonging to *group 15 (formerly VB)
of the periodic table; a.n. 51; r.a.m.
121.75; r.d. 6.68; m.p. 630.5°C; b.p.
1750°C. Antimony has several al-
lotropes. The stable form is a bluish-
white metal. Yellow antimony and
black antimony are unstable non-
metallic allotropes made at low tem-
peratures. The main source is
stibnite (Sb,S;), from which anti-
mony is extracted by reduction with
iron metal or by roasting (to give the
oxide) followed by reduction with
carbon and sodium carbonate. The
main use of the metal is as an alloy-
ing agent in lead-accumulator plates,
type metals, bearing alloys, solders,
Britannia metal, and pewter. It is also
an agent for producing pearlitic cast
iron. Its compounds are used in
flame-proofing, paints, ceramics,
enamels, glass dyestuffs, and rubber
technology. The element will burn in

air but is unaffected by water or di-
lute acids. It is attacked by oxidizing
acids and by halogens. It was first re-
ported by Tholden in 1450.

[ @) see wes uns J

¢ Information from the WebElements site
antioxidants Substances that slow
the rate of oxidation reactions. Vari-
ous antioxidants are used to preserve
foodstuffs and to prevent the deterio-
ration of rubber, synthetic plastics,
and many other materials. Some an-
tioxidants act as chelating agents to
sequester the metal ions that catalyse
oxidation reactions. Others inhibit
the oxidation reaction by removing
oxygen free radicals. Naturally occur-
ring antioxidants include *vitamin E
and B-carotene; they limit the cell
and tissue damage caused by foreign
substances, such as toxins and pollu-
tants, in the body.

antiparallel spins Neighbouring
spinning electrons in which the
*spins, and hence the magnetic mo-
ments, of the electrons are aligned in
the opposite direction. Under some
circumstances the interactions be-
tween magnetic moments in atoms
favour *parallel spins, while under
other conditions they favour antipar-
allel spins. The case of antiferromag-
netism (see MAGNETISM) is an example
of a system with antiparallel spins.

antiperiplanar Sec TORSION ANGLE.

anti-Stokes radiation Electro-
magnetic radiation occurring in the
*Raman effect, which is of much
lower intensity than the Rayleigh
scattering in which the frequency of
the radiation is higher than that of
the incident light, i.e. displaced to-
wards shorter wavelengths. If the fre-
quency of the original light is v, the
frequency of the anti-Stokes radia-
tion is v + vy, where v, is the fre-
quency of the rotation or vibration of
the molecule. The spectral lines asso-
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ciated with anti-Stokes radiation are
called anti-Stokes lines. The quantum
theory of the Raman effect provides
an explanation for the intensity of
the anti-Stokes line being much less
than the intensity of the Stokes line.

ap Antiperiplanar. See TORSION
ANGLE.

apatite A complex mineral form of
*calcium phosphate, Cas(PO,)s
(OH,F,Cl); the commonest of the
phosphate minerals. It has a hexago-
nal structure and occurs widely as an
accessory mineral in igneous rocks
(e.g. pegmatite) and often in regional
and contact metamorphic rocks, es-
pecially limestone. Large deposits
occur in the Kola Peninsula, Russia. It
is used in the production of fertiliz-
ers and is a major source of phospho-
rus. The enamel of teeth is composed
chiefly of apatite.

apical Designating certain bonds
and positions in a bipyramidal or
pyramidal structure. For example, in
a trigonal bipyramid the two bonds
aligned through the central atom are
the apical bonds and the groups at-
tached to these bonds are in apical
positions. The three other bonds and
positions are equatorial. Similarly, in
a square pyramidal structure the
bond perpendicular to the base of
the pyramid is the apical bond. The
four other coplanar bonds (and posi-
tions) are said to be basal.

aprotic See SOLVENT.

aqua acid A type of acid in which
the acidic hydrogen is on a water
molecule coordinated to a metal ion.
For example,
Al(OH,)¢%* + H,0 —
Al(OH,)s(OH)?* + H;0*

aqua regia A mixture of concen-
trated nitric acid and concentrated
hydrochloric acid in the ratio 1:3 re-
spectively. It is a very powerful oxi-

dizing mixture and will dissolve all
metals (except silver, which forms an
insoluble chloride) including such
noble metals as gold and platinum,
hence its name (‘royal water’). Nitro-
syl chloride (NOCI) is believed to be
one of the active constituents.

aquation The process in which
water molecules solvate or form co-
ordination complexes with ions.

aqueous Describing a solution in
water.

aquo ion A hydrated positive ion
present in a crystal or in solution.

arachidonic acid An unsaturated
fatty acid, CH;(CH,)3(CH,CH:CH),-
(CH,);COOH, that is essential for
growth in mammals. It can be syn-
thesized from *linoleic acid. Arachi-
donic acid acts as a precursor to
several biologically active com-
pounds, including prostaglandins,
and plays an important role in mem-
brane production and fat metabo-
lism. The release of arachidonic acid
from membrane phospholipids is
triggered by certain hormones.

arachno structure See BORANE.

aragonite A rock-forming anhy-
drous mineral form of calcium car-
bonate, CaCOs. It is much less stable
than *calcite, the commoner form of
calcium carbonate, from which it
may be distinguished by its greater
hardness and specific gravity. Over
time aragonite undergoes recrystal-
lization to calcite. Aragonite occurs
in cavities in limestone, as a deposit
in limestone caverns, as a precipitate
around hot springs and geysers, and
in high-pressure low-temperature
metamorphic rocks; it is also found
in the shells of a number of molluscs
and corals and is the main con-
stituent of pearls. It is white or
colourless when pure but the pres-
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Arrhenius, Svante (August)

ence of impurities may tint it grey,
blue, green, or pink.

arene complex A complex in
which an aromatic ring is bound to a
metal atom by its pi-electrons. Exam-
ples of arene complexes are the
*sandwich compounds (C¢Hg),Cr and
(CsHs),Fe.

arenes Aromatic hydrocarbons,
such as benzene, toluene, and naph-
thalene.

argentic compounds Compounds
of silver in its higher (+2) oxidation
state; e.g. argentic oxide is silver(Il)
oxide (AgO).

argentite A sulphide ore of silver,
Ag,S. It crystallizes in the cubic sys-
tem but most commonly occurs in
massive form. It is dull grey-black in
colour but bright when first cut and
occurs in veins associated with other
silver minerals. Important deposits
occur in Mexico, Peru, Chile, Bolivia,
and Norway.

argentous compounds Com-
pounds of silver in its lower (+1) oxi-
dation state; e.g. argentous chloride
is silver(I) chloride.

arginine See AMINO ACID.

argon Symbol Ar. A monatomic
noble gas present in air (0.93%); a.n.
18; r.a.m. 39.948; d. 0.00178 g cm3;
m.p. -189°C; b.p. -185°C. Argon is
separated from liquid air by frac-
tional distillation. It is slightly solu-
ble in water, colourless, and has no
smell. Its uses include inert atmos-
pheres in welding and special-metal
manufacture (Ti and Zr), and (when
mixed with 20% nitrogen) in gasfilled
electric-light bulbs. The element is
inert and has no true compounds.
Lord *Rayleigh and Sir William
*Ramsey identified argon in 1894.
@) see wes s

¢ Information from the WebElements site

Arndt-Eisert systhesis A method
of converting a carboxylic acid into
the next higher homologue acid (or
one of its derivatives). Diazomethane
is used to insert a CH, group.

aromatic compound An organic
compound that contains a benzene
ring in its molecules or that has
chemical properties similar to ben-
zene. Aromatic compounds are un-
saturated compounds, yet they do
not easily partake in addition reac-
tions. Instead they undergo elec-
trophilic substitution.

Benzene, the archetypal aromatic
compound, has an hexagonal ring of
carbon atoms and the classical for-
mula (the Kekulé structure) would
have alternating double and single
bonds. In fact all the bonds in ben-
zene are the same length intermedi-
ate between double and single C-C
bonds. The properties arise because
the electrons in the n-orbitals are de-
localized over the ring, giving an
extra stabilization energy of
150 k] mol-! over the energy of a
Kekulé structure. The condition for
such delocalization is that a com-
pound should have a planar ring
with (4n + 2) pi electrons - this is
known as the Hiickel rule. Aromatic
behaviour is also found in hetero-
cyclic compounds such as pyridine.
Aromatic character can be detected
by the presence of a ring current
using NMR. See also ANNULENES; NON-
BENZENOID AROMATIC; PSEUDOARO-
MATIC.

[ @) see wes Links J

¢ Information about IUPAC nomenclature
aromaticity The property charac-
teristic of *aromatic compounds.

ARPES Sce ANGLE-RESOLVED PHOTO-
ELECTRON SPECTROSCOPY.

Arrhenius, Svante (August)
(1859-1927) Swedish physical
chemist who first demonstrated that



Arrhenius equation

44

electrolytes conduct because of the
presence of ions. He also worked on
kinetics and proposed the *Arrhe-
nius equation. He was the first to pre-
dict the greenhouse effect resulting
from carbon dioxide. Arrhenius was
awarded the 1903 Nobel Prize for
chemistry.

Arrhenius equation An equation
of the form
k = Aexp(-E,/RT)
where k is the rate constant of a
given reaction and E, the *activation
energy. A is a constant for a given re-
action, called the pre-exponential
factor (or A-factor). Often the equa-
tion is written in logarithmic form
Ink = InA - EJRT
A graph of Ink against 1/T is a straight
line with a gradient -E,/R and an in-
tercept on the Ink axis of InA. It is
named after Svante *Arrhenius.

Arrhenius theory See Acip.
arsenate(lll) See ARSENIC(III) OXIDE.
arsenate(V) See ARSENIC(V) OXIDE.

arsenic Symbol As. A metalloid el-
ement of *group 15 (formerly VB) of
the periodic table; a.n. 33; r.a.m.
74.92; r.d. 5.7; sublimes at 613°C. It
has three allotropes - yellow, black,
and grey. The grey metallic form is
the stable and most common one.
Over 150 minerals contain arsenic
but the main sources are as impuri-
ties in sulphide ores and in the min-
erals orpiment (As,S;) and realgar
(As,S,). Ores are roasted in air to
form arsenic oxide and then reduced
by hydrogen or carbon to metallic ar-
senic. Arsenic compounds are used in
insecticides and as doping agents in
semiconductors. The element is in-
cluded in some lead-based alloys to
promote hardening. Confusion can
arise because As,Og is often sold as
white arsenic. Arsenic compounds
are accumulative poisons. The el-

ement will react with halogens, con-
centrated oxidizing acids, and hot al-
kalis. Albertus Magnus is believed to
have been the first to isolate the el-
ement in 1250.

[ (€)) see wes Links J

¢ Information from the WebElements site
arsenic acid See ARSENIC(V) OXIDE.

arsenic(lll) acid See ARSENIC(I11)
OXIDE.

arsenic hydride See ARSINE.

arsenic(lll) oxide (arsenic trioxide;
arsenious oxide; white arsenic) A
white or colourless compound,
As,Og, existing in three solid forms.
The commonest has cubic or octahe-
dral crystals (r.d. 3.87; sublimes at
193°C) and is soluble in water,
ethanol, and alkali solutions. It oc-
curs naturally as arsenolite. A vitre-
ous form can be prepared by slow
condensation of the vapour (r.d.
3.74); its solubility in cold water is
more than double that of the cubic
form. The third modification, which
occurs naturally as claudetite, has
monoclinic crystals (r.d. 4.15). Ar-
senic(Il) oxide is obtained commer-
cially as a byproduct from the
smelting of nonferrous sulphide ores;
it may be produced in the laboratory
by burning elemental arsenic in air.
The structure of the molecule is simi-
lar to that of P,O¢, with a tetrahedral
arrangement of As atoms edge linked
by oxygen bridges. Arsenic(III) oxide
is acidic; its solutions were formerly
called arsenious acid (technically, ar-
senic(lll) acid). It forms arsenate(lIl)
salts (formerly called arsenites). Ar-
senic(Il) oxide is extremely toxic and
is used as a poison for vermin; trace
doses are used for a variety of medici-
nal purposes. It is also used for pro-
ducing opalescent glasses and
enamels.

arsenic(V) oxide (arsenic oxide) A
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aspartic acid

white amorphous deliquescent solid,
As,0s; 1.d. 4.32; decomposes at
315°C. It is soluble in water and
ethanol. Arsenic(V) oxide cannot be
obtained by direct combination of ar-
senic and oxygen; it is usually pre-
pared by the reaction of arsenic with
nitric acid followed by dehydration
of the arsenic acid thus formed. It
readily loses oxygen on heating to
give arsenic(Ill) oxide. Arsenic(V)
oxide is acidic, dissolving in water to
give arsenic(V) acid (formerly called
arsenic acid), H;AsO,; the acid is trib-
asic and slightly weaker than phos-
phoric acid and should be visualized
as (HO);AsO. It gives arsenate(V) salts
(formerly called arsenates).

arsenic trioxide See ARSENIC(III)
OXIDE.

arsenious acid See ARSENIC(III)
OXIDE.

arsenious oxide See ARSENIC(III)
OXIDE.

arsenite See ARSENIC(III) OXIDE.

arsenolite A mineral form of *ar-
senic(IlI) oxide, As,Oq.

arsine (arsenic hydride) A colourless
gas, AsH;; m.p. -116.3°C; b.p. -55°C.
It is soluble in water, chloroform,
and benzene. Liquid arsine has a rela-
tive density of 1.69. Arsine is pro-
duced by the reaction of mineral
acids with arsenides of electroposi-
tive metals or by the reduction of
many arsenic compounds using
nascent hydrogen. It is extremely
poisonous and, like the hydrides of
the heavier members of group 15
(formerly VB), is readily decomposed
at elevated temperatures (around
260-300°C). Like ammonia and phos-
phine, arsine has a pyramidal struc-
ture.

Arsine gas has a very important
commercial application in the pro-
duction of modern microelectronic

components. It is used in a dilute gas
mixture with an inert gas and its
ready thermal decomposition is ex-
ploited to enable other growing crys-
tals to be doped with minute traces
of arsenic to give n-type semiconduc-
tors.

artinite A mineral form of basic
*magnesium carbonate,
MgCO5.Mg(OH),.3H,0.

aryl group A group obtained by re-
moving a hydrogen atom from an
aromatic compound, e.g. phenyl
group, C¢Hs-, derived from benzene.

aryne A compound that can be re-
garded as formed from an arene by
removing two adjacent hydrogen
atoms to convert a double bond into
a triple bond. Arynes are transient in-
termediates in a number of reactions.
The simplest example is *benzyne.

asbestos Any one of a group of
fibrous amphibole minerals (amosite,
crocidolite (blue asbestos), tremolite,
anthophyllite, and actinolite) or the
fibrous serpentine mineral chrysotile.
Asbestos has widespread commercial
uses because of its resistance to heat,
chemical inertness, and high electri-
cal resistance. The fibres may be
spun and woven into fireproof cloth
for use in protective clothing, cur-
tains, brake linings, etc., or moulded
into blocks. Since the 1970s short as-
bestos fibres have been recognized as
a cause of asbestosis, a serious lung
disorder, and mesothelioma, a fatal
form of lung cancer. These concerns
have limited its use and imposed
many safety procedures when it is
used. Canada is the largest producer
of asbestos; others include Russia,
South Affica, Zimbabwe, and China.

ascorbic acid See vITAMIN C.
asparagine See AMINO ACID.
aspartic acid See AMINO ACID.
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asphalt Bitumen. See PETROLEUM.

aspirin (acetylsalicylic acid) an
acetylated form of *salicylic acid (1-
hydroxybenzoic acid), used exten-
sively as a medicinal drug; r.d. 1.4;
m.p. 138-140°C; b.p. 140°C (with de-
composition). It was first marketed in
1899 as a analgesic. The acid can be
obtained from willow bark and it has
long been known that the bark could
be used for pain relief and for the re-
duction of fever. The name salicylic
acid comes from the botanical name
of the willow (Salix alba). Aspirin acts
by suppressing the production of cer-
tain hormones (prostaglandins and
thromboxanes) by inhibiting the en-
zyme cyclooxygenase (COX). Conse-
quently, it is known as a ‘COX
inhibitor’. It is used for the treatment
of arthritis and to reduce body tem-
perature. It also acts as an anticoagu-
lant in the blood and small doses are
taken regularly to reduce the risk of
heart attack. A common side effect of
high doses is stomach bleeding and
stomach ulcers. Aspirin is made in-
dustrially from phenol, which with
concentrated sodium hydroxide and
carbon dioxide gives sodium phenox-
ide:

CeHsOH + NaOH — C¢Hs0- Na* +

H,0.

The phenoxide ion undergoes elec-
trophilic substitution to give sodium
salicylate:

CgHs0~ + CO, + Na* — CgH,

(OH)COO™ Na*

With acid, this forms salicylic acid,
which can be acetylated in the ortho
position with ethanoic anhydride.

associated liquid See ASSOCIATION.

association The combination of
molecules of one substance with
those of another to form chemical
species that are held together by
forces weaker than normal chemical

bonds. For example, ethanol and
water form a mixture (an associated
liquid) in which hydrogen bonding
holds the different molecules to-
gether.

astatine Symbol At. A radioactive
*halogen element; a.n. 85; r.a.m. 211;
m.p. 302°C; b.p. 337°C. It occurs nat-
urally by radioactive decay from ura-
nium and thorium isotopes. Astatine
forms at least 20 isotopes, the most
stable astatine-210 has a half-life of
8.3 hours. It can also be produced by
alpha bombardment of bismuth-200.
Astatine is stated to be more metallic
than iodine; at least 5 oxidation
states are known in aqueous solu-
tions. It will form interhalogen com-
pounds, such as Atl and AtCl. The
existence of At, has not yet been es-
tablished. The element was synthe-
sized by nuclear bombardment in
1940 by D. R. Corson, K. R. MacKen-
zie, and E. Segré at the University of
California.

(@) see wes Links J
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Aston, Francis William
(1877-1945) British chemist and
physicist, who until 1910 worked at
Mason College (later Birmingham
University) and then with J. J. *Thom-
son at Cambridge University. In 1919
Aston designed the mass spectro-
graph (see MASS SPECTROSCOPY), for
which he was awarded the Nobel
Prize for chemistry in 1922. With it
he discovered the *isotopes of neon,
and was thus able to explain noninte-
gral atomic weights.

astrochemistry The study of mol-
ecules in interstellar space. Interstel-
lar molecules are usually detected
by their spectra in the radio, micro-
wave, or infrared regions of the elec-
tromagnetic spectrum. To date, over
140 different molecules have been
detected. Of special interest in astro-
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atom

chemistry is the way in which these

molecules are formed and the way

in which they interact with clouds of

interstellar dust.

[ @) see wes Links J

e The website of the astrochemistry work
group of the International Astronomical
Union

asymmetric atom See OPTICAL AC-
TIVITY.

asymmetric induction The pref-
erential formation of one particular
enantiomer or diastereoisomer in a
reaction as a result of a chiral el-
ement in one of the reactants or in
the catalyst used.

asymmetric top See MOMENT OF
INERTIA.

atactic polymer See POLYMER.

ATLEED (automated tensor low-
energy electron diffraction) A form
of *LEED (low-energy electron dif-
fraction) in which the information
obtained can readily be stored and
analysed using a computer.

atmolysis The separation of a mix-
ture of gases by means of their differ-
ent rates of diffusion. Usually,
separation is effected by allowing the
gases to diffuse through the walls of
a porous partition or membrane.

atmosphere 1. (atm.) A unit of
pressure equal to 101 325 pascals.
This is equal to 760.0 mmHg. The ac-
tual *atmospheric pressure fluctuates
around this value. The unit is usually
used for expressing pressures well in
excess of standard atmospheric pres-
sure, e.g. in high-pressure chemical
processes. 2. See EARTH’S ATMOS-
PHERE.

atmospheric pressure The pres-
sure exerted by the weight of the air
above it at any point on the earth’s
surface. At sea level the atmosphere
will support a column of mercury

about 760 mm high. This decreases
with increasing altitude. The stan-
dard value for the atmospheric pres-
sure at sea level in SI units is 101 325
pascals.

atom The smallest part of an el-
ement that can exist chemically.
Atoms consist of a small dense nu-
cleus of protons and neutrons sur-
rounded by moving electrons. The
number of electrons equals the num-
ber of protons so the overall charge
is zero. The electrons are considered
to move in circular or elliptical orbits
(see BOHR THEORY) Or, more accu-
rately, in regions of space around the
nucleus (see ORBITAL).

The electronic structure of an atom
refers to the way in which the elec-
trons are arranged about the nucleus,
and in particular the *energy levels
that they occupy. Each electron can
be characterized by a set of four
quantum numbers, as follows:

(1) The principal quantum number n
gives the main energy level and has
values 1, 2, 3, etc. (the higher the
number, the further the electron
from the nucleus). Traditionally,
these levels, or the orbits correspond-
ing to them, are referred to as shells
and given letters K, L, M, etc. The K-
shell is the one nearest the nucleus.
The maximum number of electrons
in a given shell is 2n2.

(2) The orbital quantum number I,
which governs the angular momen-
tum of the electron. The possible val-
ues oflare (n-1), (n-2),...1,0.
Thus, in the first shell (n = 1) the elec-
trons can only have angular momen-
tum zero (I = 0). In the second shell (n
=2), the values of I can be 1 or 0, giv-
ing rise to two subshells of slightly
different energy. In the third shell (n
= 3) there are three subshells, with [
=2, 1, or 0. The subshells are de-
noted by letters s(I=0), p(l=1), d(I=
2), fil = 3). The number of electrons in
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each subshell is written as a super-
script numeral to the subshell sym-
bol, and the maximum number of
electrons in each subshell is s2, p®,
d%, and % The orbital quantum
number is sometimes called the az-
imuthal quantum number.

(3) The magnetic quantum number m,
which governs the energies of elec-
trons in an external magnetic field.
This can take values of +I, +(I- 1), ...
1,0, -1, ... =(I- 1), -1 In an s-subshell
(i.e.1=0) the value of m= 0. In a p-
subshell (I=1), m can have values
+1, 0, and -1; i.e. there are three
p-orbitals in the p-subshell, usually
designated p,, p,, and p,. Under nor-
mal circumstances, these all have
the same energy level.

(4) The spin quantum number m,
which gives the spin of the individ-
ual electrons and can have the values
+2 or =Y.

According to the *Pauli exclusion
principle, no two electrons in the
atom can have the same set of quan-
tum numbers. The numbers define
the quantum state of the electron,
and explain how the electronic struc-
tures of atoms occur. See Chronol-
ogy: Atomic Theory.

atomic absorption spectroscopy
(AAS) An analytical technique in
which a sample is vaporized and the
nonexcited atoms absorb electromag-
netic radiation at characteristic wave-
lengths.

atomic clock An apparatus for
standardizing time based on periodic
phenomena within atoms or mol-
ecules. See AMMONIA CLOCK; CAESIUM
CLOCK.

atomic emission spectroscopy
(AES) An analytical technique in
which a sample is vaporized and the
atoms present are detected by their
emission of electromagnetic radia-
tion at characteristic wavelengths.

atomic force microscope (AFM)
A type of microscope in which a
small probe, consisting of a tiny chip
of diamond, is held on a spring-
loaded cantilever in contact with the
surface of the sample. The probe is
moved slowly across the surface and
the tracking force between the tip
and the surface is monitored. The
probe is raised and lowered so as to
keep this force constant, and a
profile of the surface is produced.
Scanning the probe over the sample
gives a computer-generated contour
map of the surface. The instrument
is similar to the scanning tunnelling
microscope, but uses mechanical
forces rather than electrical signals.
It can resolve individual molecules
and, unlike the scanning tunnelling
microscope, can be used with non-
conducting samples, such as biologi-
cal specimens.

atomicity The number of atoms in
a given molecule. For example, oxy-
gen (O,) has an atomicity of 2, ozone
(O3) an atomicity of 3, benzene (CgHg)
an atomicity of 12, etc.

atomic mass unit (a.m.u.) A unit
of mass used to express *relative
atomic masses. It is equal to 1/12 of
the mass of an atom of the isotope
carbon-12 and is equal to 1.660 33 x
10727 kg. This unit superseded both
the physical and chemical mass units
based on oxygen-16 and is some-
times called the unified mass unit or
the dalton.

atomic number (proton number)
Symbol Z. The number of protons in
the nucleus of an atom. The atomic
number is equal to the number of
electrons orbiting the nucleus in a
neutral atom.

atomic orbital Sce ORBITAL.
atomic volume The relative
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ATOMIC THEORY

c.430 BC Greek natural philosopher Empedocles (d. c¢. 430 sc) proposes that all
matter consists of four elements: earth, air, fire, and water.

¢.400 BC Greek natural philosopher Democritus of Abdera (c. 460-370 &c)
proposes that all matter consists of atoms.

306 8C Greek philosopher Epicurus (c. 342-270 sc) champions Democritus’
atomic theory.

1649 French philosopher Pierre Gassendi (1592—1655) proposes an atomic
theory (having read Epicurus).

1803 John Dalton proposes Dalton’s atomic theory.

1897 J. J. Thomson discovers the electron.

1904 J. J. Thomson proposes his ‘plum pudding’ model of the atom, with
electrons embedded in a nucleus of positive charges.

Japanese physicist Hantaro Nagaoka (1865-1950) proposes a ‘Saturn’
model of the atom with a central nucleus having a ring of many
electrons.

1911 New Zealand-born physicist Ernest Rutherford (1871-1937) discovers the
atomic nucleus.

1913 Niels Bohr proposes model of the atom with a central nucleus
surrounded by orbiting electrons.

British physicist Henry Moseley (1887-1915) equates the positive charge
on the nucleus with its atomic number.
Frederick Soddy discovers isotopes.

1916 German physicist Arnold Sommerfield (1868-1951) modifies Bohr's
model of the atom specifying elliptical orbits for the electrons.

1919 Ernest Rutherford discovers the proton.

1920 Ernest Rutherford postulates the existence of the neutron.

1926 Erwin Schrodinger proposes a wave-mechanical model of the atom (with
electrons represented as wave trains).

1932 British physicist James Chadwick (1891-1974) discovers the neutron.
Werner Heisenberg proposes a model of the atomic nucleus in which
protons and neutrons exchange electrons to achieve stability.

1939 Niels Bohr proposes a ‘liquid drop’ model of the atomic nucleus.

1948 German-born US physicist Marie Goeppert-Meyer (1906-72) and
German physicist Hans Jensen (1907-73) independently propose the
‘shell” structure of the nucleus.

1950 US physicist Leo Rainwater (1917-86) combines the ‘liquid-drop’ and
‘shell’ models of the nucleus into a single theory.

atomic mass of an element divided
by its density.

atomic weight See RELATIVE
ATOMIC MASS.

atom-probe field-ion micros-
copy A technique for identifying in-

dividual atoms on surfaces. In the
atom-probe *field-ionization micro-
scope (FIM) there is a hole in the
fluorescent screen, with which the
FIM image of an adsorbed atom is
brought into coincidence. The gas
causing the imaging is removed. The
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adsorbed atom is removed as an ion
by a pulse of potential difference.
The atom then passes in the same di-
rection as the gas ions, through the
hole in the screen. This enables the
atom to be identified by a mass spec-
trometer behind the screen. Atom-
probe FIM identifies both the type
and the position of the atom and can
be used to observe atomic processes,
such as evaporation, with the pulse
used for analysis lasting about 2
nanoseconds.

ATP (adenosine triphosphate) A nu-
cleotide that is of fundamental im-
portance as a carrier of chemical
energy in all living organisms. It con-

sists of adenine linked to D-ribose (i.e.

adenosine); the p-ribose component
bears three phosphate groups, lin-
early linked together by covalent
bonds (see formula). These bonds can
undergo hydrolysis to yield either a
molecule of ADP (adenosine diphos-
phate) and inorganic phosphate or a
molecule of AMP (adenosine mono-
phosphate) and pyrophosphate. Both
these reactions yield a large amount
of energy (about 30.6 k] mol™!) that is
used to bring about such biological
processes as muscle contraction, the
active transport of ions and mol-
ecules across cell membranes, and
the synthesis of biomolecules. The
reactions bringing about these pro-
cesses often involve the enzyme-
catalysed transfer of the phosphate

ATP

group to intermediate substrates.
Most ATP-mediated reactions require
Mg?* ions as *cofactors.

ATP is regenerated by the rephos-
phorylation of AMP and ADP using
the chemical energy obtained from
the oxidation of food. This takes
place during *glycolysis and the
*Krebs cycle but, most significantly,
is also a result of the reduction-
oxidation reactions of the *electron
transport chain, which ultimately re-
duces molecular oxygen to water (0x-
idative phosphorylation).

atropine A poisonous crystalline al-
kaloid, C;,H,3NO3; m.p. 118-119°C. It
can be extracted from deadly night-
shade and other solanaceous plants
and is used in medicine to treat colic,
to reduce secretions, and to dilate
the pupil of the eye.

atropisomers Conformers that
have highly restricted rotation about
a single bond and can consequently
be separated as distinct species. This
can occur, for example, in the case of
substituted biphenyls with large
groups at the orthopositions of the
rings.

ATRS See ATTENUATED TOTAL RE-
FLECTANCE SPECTROSCOPY.

attenuated total reflectance
spectroscopy (ATRS) A variation of
infrared spectroscopy in which the IR
source is reflected from the sample

R

ribose

Y

) adenine

OH OH
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autoradiography

and absorption occurs only in the
surface layer. ATRS is used in foren-
sic science for analysis of thin layers
(e.g. paint).

atto- Symbol a. A prefix used in the
metric system to denote 107'8. For ex-
ample, 10718 second = 1 attosecond
(as).

attractor The set of points in phase
space to which the representative
point of a dissipative system (i.e. one
with internal friction) tends as the
system evolves. The attractor can be:
a single point; a closed curve (a limit
cycle), which describes a system with
periodic behaviour; or a strange at-
tractor, in which case the system ex-
hibits *chaos.

Aufbau principle A principle that
gives the order in which orbitals are
filled in successive elements in the
periodic table. The order of filling is
1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, 5p,
6s, 4f, 5d, 6p, 7s, 5f, 6d. See ATOM.

Auger effect The ejection of an
electron from an atom as a result of
the de-excitation of an excited elec-
tron within the atom. An electron is
first ejected from an atom by a pho-
ton, electron impact, ion impact, or
some other process, thus creating a
vacancy. In the subsequent re-
arrangement of the electronic struc-
ture of the atom, an electron from a
higher energy level falls into the va-
cancy. This process is associated with
excess energy, which is released by
the ejection of a second electron
(rather than by emission of a pho-
ton). This second electron is called
the Auger electron. Auger spectros-
copy is a form of electron spectros-
copy using this effect to study the
energy levels of ions. It is also a form
of analysis and can be used to iden-
tify the presence of elements in sur-
face layers of solids. The effect was

discovered by the French physicist
Pierre Auger (1899-1994) in 1925.

Auger electron See AUGER EFFECT.

auric compounds Compounds of
gold in its higher (+3) oxidation state;
e.g. auric chloride is gold(IIl) chloride
(AuCly).

aurous compounds Compounds
of gold in its lower (+1) oxidation
state; e.g. aurous chloride is gold(l)
chloride (AuCl).

austenite See STEEL.

autocatalysis *Catalysis in which
one of the products of the reaction is
a catalyst for the reaction. Reactions
in which autocatalysis occurs have a
characteristic S-shaped curve for re-
action rate against time - the reac-
tion starts slowly and increases as
the amount of catalyst builds up,
falling off again as the products are
used up.

autoclave A strong steel vessel
used for carrying out chemical reac-
tions, sterilizations, etc., at high tem-
perature and pressure.

automated tensor low-energy
electron diffraction See ATLEED.

autoprotolysis A transfer of a hy-
drogen ion (H*) between molecules of
an amphiprotic *solvent, one mol-
ecule acting as a Brensted acid and
the other as a Brgnsted base. It oc-
curs in the autoionization of water.

autoprotolysis constant See
IONIC PRODUCT.

autoradiography An experimen-
tal technique in which a radioactive
specimen is placed in contact with
(or close to) a photographic plate, so
as to produce a record of the distribu-
tion of radioactivity in the specimen.
The film is darkened by the ionizing
radiation from radioactive parts of
the sample. Autoradiography has a
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number of applications, particularly
in the study of living tissues and
cells.

auxochrome A group in a dye mol-
ecule that influences the colour due
to the *chromophore. Auxochromes
are groups, such as -OH and -NH,,
containing lone pairs of electrons
that can be delocalized along with
the delocalized electrons of the chro-
mophore. The auxochrome inten-
sifies the colour of the dye. Formerly,
the term was also used of such
groups as -SO,0~, which make the
molecule soluble and affect its appli-
cation.

Avogadro, Amedeo (1776-1856)
Italian chemist and physicist. In 1811
he published his hypothesis (see Avo-
GADRO'’S LAW), which provided a
method of calculating molecular
weights from vapour densities. The
importance of the work remained
unrecognized, however, until cham-
pioned by Stanislao Cannizzaro
(1826-1910) in 1860.

Avogadro constant Symbol N, or
L. The number of atoms or molecules
in one *mole of substance. It has the
value 6.022 1367(36) x 10%3. Formerly
it was called Avogadro’s number.

Avogadro’s law Equal volumes of
all gases contain equal numbers of
molecules at the same pressure and
temperature. The law, often called
Avogadro’s hypothesis, is true only
for ideal gases. It was first proposed
in 1811 by Amedeo *Avogadro.

axial See RING CONFORMATIONS.

Axilrod-Teller formula An ex-
pression for three-body interactions
in intermolecular forces. These di-
pole dispersion terms, called
Axilrod-Teller terms (named after

B. M. Axilrod and E. Teller, who dis-
covered them in 1943) are of impor-
tance in the third virial coefficient.

At low temperatures, the Axilrod-
Teller terms can have a comparable
size to two-body interactions, making
them of importance to such proper-
ties of liquids as pressure and surface
tension. The Axilrod-Teller formula
for the dispersion energy V of three
closed-shell atoms A, B, and C is
given by

V== Celrap® - Celrac® - Cefrea® +

C'l(raTecrca)

where Cg is a coefficient depending
on the identity of the atoms, C’is a
coefficient depending on another
constant and the angles between the
atoms, and the r terms give distances
between the indicated atoms.

AX spectrum A general pattern of
the nuclear magnetic resonance spec-
trum of a molecule AX, where A and
X are both spin-2 nuclei. If X is spin
o, the spin-spin interaction between
the nuclei of A and X results in one
line in the spectrum of A being
shifted by J/2 from the frequency of
precession it has in the absence of
coupling. If X is spin B, the change in
frequency of precession of A is -J/2.
Thus, single lines in the resonances
of both A and X are split into dou-
blets, with splittings J. The A reso-
nance in molecules of the type A X is
also a doublet with the splitting J.

azeotrope (azeotropic mixture; con-
stant-boiling mixture) A mixture of
two liquids that boils at constant
composition; i.e. the composition of
the vapour is the same as that of the
liquid. Azeotropes occur because of
deviations in Raoult’s law leading to
a maximum or minimum in the
*boiling-point-composition diagram.
When the mixture is boiled, the
vapour initially has a higher propor-
tion of one component than is pre-
sent in the liquid, so the proportion
of this in the liquid falls with time.
Eventually, the maximum and mini-
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mum point is reached, at which the
two liquids distil together without
change in composition. The composi-
tion of an azeotrope depends on the
pressure.

azeotropic distillation A tech-
nique for separating components of
an azeotrope by adding a third liquid
to form a new azeotrope with one of
the original components. It is most
commonly used to separate ethanol
from water, adding benzene to asso-
ciate with the ethanol.

azides Compounds containing the
ion N3~ or the group -Ns.

azimuthal quantum number See
ATOM.

azine An organic heterocyclic com-
pound containing a six-membered
ring formed from carbon and nitro-
gen atoms. Pyridine is an example
containing one nitrogen atom
(CsH;sN). Diazines have two nitrogen
atoms in the ring (e.g. C,H,N,), and
isomers exist depending on the rela-
tive positions of the nitrogen atoms.
Triazines contain three nitrogen
atoms.

[ @) see wes Links J

e Information about IUPAC nomenclature
azo compounds Organic com-
pounds containing the group -N=N-
linking two other groups. They can

be formed by reaction of a diazo-
nium ion with a benzene ring.

[ @) see wes uncs ]

¢ Information about IUPAC nomenclature
azo dye See DYES.

azoimide See HYDROGEN AZIDE.

azulene 1. A blue crystalline com-
pound, C;oHg; m.p. 99°C. It contains a
five-membered ring fused to a seven-
membered ring and has aromatic
properties. When heated it is con-
verted into naphthalene. 2. Any of a
number of blue oils that can be pro-
duced by distilling or heating essen-
tial oils from plants.

Azulene

azurite A secondary mineral con-
sisting of hydrated basic copper car-
bonate, Cu;(OH),(CO3),, in
monoclinic crystalline form. It is
generally formed in the upper zone
of copper ore deposits and often oc-
curs with *malachite. Its intense
azure-blue colour made it formerly
important as a pigment. It is a minor
ore of copper and is used as a gem-
stone.



Babbit metal Any of a group of re-
lated alloys used for making bear-
ings. They consist of tin containing
antimony (about 10%) and copper
(1-2%), and often lead. The original
alloy was invented in 1839 by the US
inventor Isaac Babbit (1799-1862).

Babo’s law The vapour pressure of
a liquid is decreased when a solute is
added, the amount of the decrease
being proportional to the amount of
solute dissolved. The law was discov-
ered in 1847 by the German chemist
Lambert Babo (1818-99). See also
RAOULT’S LAW.

backbiting A rearrangement that
can occur in some *polymerization
reactions involving free radicals. A
radical that has an unpaired electron
at the end of the chain changes into
a radical with the unpaired electron
elsewhere along the chain, the new
radical being more stable than the
one from which it originates. For ex-
ample, the radical

may change into
RCH,CH-CH,CH,CH,CH;
The rearrangement is equivalent to
a hydrogen atom being transferred
within the molecule. The new un-
paired electron initiates further
polymerization, with the produc-
tion of polymers with butyl
(CH5;CH,CH,CH,-) side chains.

back donation A form of chemical
bonding in which a *ligand forms a
sigma bond to an atom or ion by do-
nating a pair of electrons, and the
central atom donates electrons back
by overlap of its d-orbitals with
empty p- or d-orbitals on the ligand.
It occurs, for example, in metal car-
bonyls.

back e.m.f. An electromotive force
that opposes the main current flow
in a circuit. For example, in an elec-
tric cell, *polarization causes a back
e.m.f. to be set up by chemical
means.

background radiation Low inten-

RCH,CH,CH,CH,CH,CH," sity *ionizing radiation present on
R gz 22 (.IH R ';2 '(':lz CH
2 3
\C/ \C/ \C/ \CH/ \C/ \C/
H, H, H, . H, H,
H, H,
R C R C
e e, SN Nen,
o |H (l':H
HZC\C/C ) ch\C/ 5
H, H,

Backbiting
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baking powder

the surface of the earth and in the
atmosphere as a result of cosmic
radiation and the presence of radio-
isotopes in the earth’s rocks, soil,
and atmosphere. The radioisotopes
are either natural or the result of nu-
clear fallout or waste gas from power
stations. Background counts must be
taken into account when measuring
the radiation produced by a specified
source.

back titration A technique in *vol-
umetric analysis in which a known
excess amount of a reagent is added
to the solution to be estimated. The
unreacted amount of the added
reagent is then determined by titra-
tion, allowing the amount of sub-
stance in the original test solution to
be calculated.

bacteriocidal Capable of killing
bacteria. Common bacteriocides are
some antibiotics, antiseptics, and dis-
infectants.

bacteriorhodopsin A membrane-
bound protein of the halophilic (salt-
resistant) bacterium Halobacterium
halobium. When activated by light, it
pumps protons out of the cell; this
creates a concentration gradient,
which enables ATP to be synthesized.
Bacteriorhodopsin is composed of
seven o-helix segments, which span
the membrane and are joined to-
gether by short amino-acid chains. It
contains the prosthetic group retinal,
which is also found in the pigment
rhodopsin in the rod cells of verte-
brates.

Baeyer, Adolf von (1835-1917)
German organic chemist noted for
his work on organic synthesis. He
synthesized and determined the
structure of indigo and also synthe-
sized some of the first barbiturates.
In his work on carbon rings he for-
mulated his strain theory. Bayer was

awarded the 1905 Nobel Prize for
chemistry.

Baeyer strain See ANGLE STRAIN.

Baeyer test A test for unsaturated
compounds in which potassium per-
manganate is used. Alkenes, for ex-
ample, are oxidised to glycols, and
the permanganate loses its colour:
3R,C=CR, + 2KMnO, + 4H,0 —
2MnO, + 2KOH + 3R,COHR,COH

Baeyer-Villiger reaction A re-
arrangement reaction, sometimes
known as the Dakin reaction, com-
monly used in organic synthesis in
which a ketone reacts with a peroxy
acid to form an ester. For example,
R-CO-R - R-CO-0O-R
The reaction is equivalent to the in-
sertion of an oxygen atom next to
the ketone’s carbonyl (>C=0) group.
Meta-chloroperbenzoic acid (m-CPBA;
ClC¢H,.CO.0.0H) and trifluoro-
perethanoic acid (CF;.CO.0.0H) are
typical peroxy acids employed in the
reaction. It was discovered by Adolf
von *Baeyer and the German
chemist V. Villiger in 1899.

Bakelite A trade name for certain
*phenol-formaldehyde resins, first
introduced in 1909 by the Belgian-
US chemist Leo Hendrik Baekeland
(1863-1944).

baking powder A mixture of pow-
dered compounds added to dough or
cake mixture to make it rise in cook-
ing. It is used as a substitute for yeast
in bread-making. Baking powders
consist of a source of carbon dioxide,
such as sodium hydrogencarbonate
or ammonium hydrogencarbonate,
and an acidic substance such as cal-
cium hydrogenphosphate, potassium
hydrogentartrate (cream of tartar), or
sodium hydrogenphosphate. In the
hot wet mixture, the acid releases
bubbles of carbon dioxide gas from
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the hydrogencarbonate, which make
the mixture rise.

baking soda See soptuMm HYDRO-
GENCARBONATE.

balance An accurate weighing de-
vice. The simple beam balance con-
sists of two pans suspended from a
centrally pivoted beam. Known
masses are placed on one pan and
the substance or body to be weighed
is placed in the other. When the
beam is exactly horizontal the two
masses are equal. An accurate labora-
tory balance weighs to the nearest
hundredth of a milligram. Specially
designed balances can be accurate to
a millionth of a milligram. More
modern substitution balances use the
substitution principle. In this cali-
brated weights are removed from the
single lever arm to bring the single
pan suspended from it into equilib-
rium with a fixed counter weight.
The substitution balance is more ac-
curate than the two-pan device and
enables weighing to be carried out
more rapidly. In automatic electronic
balances, mass is determined not by
mechanical deflection but by elec-
tronically controlled compensation
of an electric force. A scanner moni-
tors the displacement of the pan
support generating a current propor-
tional to the displacement. This cur-
rent flows through a coil forcing the
pan support to return to its original
position by means of a magnetic
force. The signal generated enables
the mass to be read from a digital
display. The mass of the empty con-
tainer can be stored in the balance’s
computer memory and automatically
deducted from the mass of the con-
tainer plus its contents.

Balmer series See HYDROGEN SPEC-
TRUM.

banana bond Informal name for
the type of electron-deficient three-

centre bond holding the B-H-B
bridges in *boranes and similar com-
pounds.

band spectrum See SPECTRUM.
band theory See ENERGY BANDS.

bar A c.g.s. unit of pressure equal
to 10° dynes per square centimetre
or 10° pascals (approximately

750 mmHg or 0.987 atmosphere).
The millibar (100 Pa) is commonly
used in meteorology.

Barbier-Wieland degradation
The stepwise degradation of a car-
boxylic acid to the next lower homo-
logue. First the ester is converted
into a tertiary alcohol using a Grig-
nard reagent (PhMgX) and acid (HX):

RCH,COOCH; — RCH,C(OH)Ph,,.
The secondary alcohol is then dehy-

drated using ethanoic anhydride
(CH3COOCOCH;) to give an alkene:

RCH,C(OH)Ph, — RCH=CPh,.
The alkene is oxidized with chromic
acid:

RCH=CPh, — RCOOH + Ph,CO.

The result is conversion of an acid
RCH,COOH to the lower acid
RCOOH.

barbiturate Any one of a group of
drugs derived from barbituric acid
that have a depressant effect on the
central nervous system. Barbiturates
were originally used as sedatives and
sleeping pills but their clinical use is
now limited due to their toxic side-
effects; prolonged use can lead to ad-
diction. Specific barbiturates in
clinical use include phenobarbitone,
for treating epilepsy, and methohexi-
tane sodium, used as an anaesthetic.

Barfoed'’s test A biochemical test
to detect monosaccharide (reducing)
sugars in solution, devised by the
Swedish physician Christen Barfoed
(1815-99). Barfoed’s reagent, a mix-
ture of ethanoic (acetic) acid and cop-
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barium peroxide

per(Il) acetate, is added to the test so-
lution and boiled. If any reducing
sugars are present a red precipitate
of copper(Il) oxide is formed. The re-
action will be negative in the pres-
ence of disaccharide sugars as they
are weaker reducing agents.

barite See BARYTES.

barium Symbol Ba. A silvery-white
reactive element belonging to *group
2 (formerly IIA) of the periodic table;
a.n. 56; r.a.m. 137.34; r.d. 3.51; m.p.
725°C; b.p. 1640°C. It occurs as the
minerals barytes (BaSO,) and
witherite (BaCOs). Extraction is by
high-temperature reduction of bar-
ium oxide with aluminium or silicon
in a vacuum, or by electrolysis of
fused barium chloride. The metal is
used as a getter in vacuum systems.
It oxidizes readily in air and reacts
with ethanol and water. Soluble bar-
ium compounds are extremely poiso-
nous. It was first identified in 1774 by
Karl *Scheele, and was extracted by
Humphry *Davy in 1808.

[ @) see wes Links J

e Information from the WebElements site
barium bicarbonate Sec BARIUM
HYDROGENCARBONATE.

barium carbonate A white insolu-
ble compound, BaCOs; r.d. 4.43. It de-
composes on heating to give barium
oxide and carbon dioxide:

BaCOs(s) — BaO(s) + CO,(g)
The compound occurs naturally as
the mineral witherite and can be pre-
pared by adding an alkaline solution
of a carbonate to a solution of a bar-
ium salt. It is used as a raw material
for making other barium salts, as a
flux for ceramics, and as a raw ma-
terial in the manufacture of certain
types of optical glass.

barium chloride A white com-
pound, BaCl,. The anhydrous com-
pound has two crystalline forms: an

o form (monoclinic; r.d. 3.856),
which transforms at 962°C to a
form (cubic; r.d. 3.917; m.p. 963°C;
b.p. 1560°C). There is also a dihy-
drate, BaCl,.2H,0 (cubic; r.d. 3.1),
which loses water at 113°C. It is pre-
pared by dissolving barium carbonate
(witherite) in hydrochloric acid and
crystallizing out the dihydrate. The
compound is used in the extraction
of barium by electrolysis.

barium hydrogencarbonate (bar-
ium bicarbonate) A compound,
Ba(HCO;),, which is only stable in so-
lution. It can be formed by the action
of carbon dioxide on a suspension of
barium carbonate in cold water:
BaCOs(s) + CO,(g) + H,0(1) —
Ba(HCO;),(aq)
On heating, this reaction is reversed.

barium hydroxide (baryta) A
white solid, Ba(OH),, sparingly solu-
ble in water. The common form is
the octahydrate, Ba(OH),.8H,0; mon-
oclinic; r.d. 2.18; m.p. 78°C. It can be
produced by adding water to barium
monoxide or by the action of sodium
hydroxide on soluble barium com-
pounds and is used as a weak alkali
in volumetric analysis.

barium oxide A white or yellowish
solid, BaO, obtained by heating bar-
ium in oxygen or by the thermal de-
composition of barium carbonate or
nitrate; cubig; r.d. 5.72; m.p. 1923°C;
b.p. 2000°C. When barium oxide is
heated in oxygen the peroxide, BaO,,
is formed in a reversible reaction
that was once used as a method for
obtaining oxygen (the Brin process).
Barium oxide is now used in the
manufacture of lubricating-oil addi-
tives.

barium peroxide A dense off-
white solid, BaO,, prepared by care-
fully heating *barium oxide in
oxygen; r.d. 4.96; m.p. 450°C. It is
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used as a bleaching agent. With
acids, hydrogen peroxide is formed
and the reaction is used in the labo-
ratory preparation of hydrogen per-
oxide.

barium sulphate An insoluble
white solid, BaSO,, that occurs natu-
rally as the mineral *barytes (or
heavy spar) and can be prepared as a
precipitate by adding sulphuric acid
to barium chloride solution; r.d. 4.50;
m.p. 1580°C. The rhombic form
changes to a monoclinic form at
1149°C. It is used as a raw material
for making other barium salts, as a
pigment extender in surface coating
materials (called blanc fixe), and

in the glass and rubber industries.
Barium compounds are opaque to
X-rays, and a suspension of the sul-
phate in water is used in medicine to
provide a contrast medium for X-rays
of the stomach and intestine. Al-
though barium compounds are ex-
tremely poisonous, the sulphate is
safe to use because it is very insolu-
ble.

barrel A measurement of volume,
widely used in the chemical industry,
equal to 35 UK gallons (approxi-
mately 159 litres).

Bartlett, Neil (1932- ) British in-
organic chemist who prepared oxy-
gen hexachloroplatinate in 1961 and,
in 1962, xenon hexachloroplatine -
the first compound of a noble gas.

Barton, Sir Derek (Harold
Richard) (1918-98) British organic
chemist who worked on steroids and
other natural products. He is noted
for his investigations into the confor-
mation of organic compounds and its
effect on chemical properties. Barton
was awarded the 1969 Nobel Prize
for chemistry (with O. Hassell
(1897-1981)).

baryta See BARIUM HYDROXIDE.

barytes (barite) An orthorhombic
mineral form of *barium sulphate,
BaSO,; the chief ore of barium. It is
usually white but may also be yellow,
grey, or brown. Large deposits occur
in Andalusia, Spain, and in the USA.

basal See APICAL.

basalt A fine-grained basic igneous
rock. It is composed chiefly of cal-
cium-rich plagioclase feldspar and
pyroxene; other minerals present
may be olivine, magnetite, and ap-
atite. Basalt is the commonest type of
lava.

base A compound that reacts with a
protonic acid to give water (and a
salt). The definition comes from the
Arrhenius theory of acids and bases.
Typically, bases are metal oxides, hy-
droxides, or compounds (such as am-
monia) that give hydroxide ions in
aqueous solution. Thus, a base may
be either: (1) An insoluble oxide or
hydroxide that reacts with an acid,
eg.

CuO(s) + 2HCl(aq) — CuCly(aq) +

H,0()
Here the reaction involves hydrogen
ions from the acid

CuO(s) + 2H*(aq) —» H,0O(1) +

Cu?*(aq)
(2) A soluble hydroxide, in which
case the solution contains hydroxide
ions. The reaction with acids is a re-
action between hydrogen ions and
hydroxide ions:

H* + OH- - H,0
(3) A compound that dissolves in
water to produce hydroxide ions.

For example, ammonia reacts as fol-
lows:

NH;(g) + H,O(I) = NH,*(aq) + "OH
Similar reactions occur with organic
*amines (see also NITROGENOUS BASE;
AMINE SALTS). A base that dissolves in
water to give hydroxide ions is called
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battery

an alkali. Ammonia and sodium hy-
droxide are common examples.

The original Arrhenius definition of
a base has been extended by the
Lowry-Brensted theory and by the
Lewis theory. See ACID.

base dissociation constant See
DISSOCIATION.

base metal A common relatively
inexpensive metal, such as iron or
lead, that corrodes, oxidizes, or tar-
nishes on exposure to air, moisture,
or heat, as distinguished from pre-
cious metals, such as gold and silver.

base pairing Pairing of nucleotide
bases by hydrogen bonding. Base
pairing holds together the two
strands in the double helix structure
of *DNA. The purine adenine pairs
with the pyrimidine thymine and the
purine guanine pairs with the pyrim-
idine cytosine. See also CHARGAFF’S
RULE.

base unit A unit that is defined ar-
bitrarily rather than being defined by
simple combinations of other units.
For example, the ampere is a base
unit in the SI system defined in terms
of the force produced between two
current-carrying conductors, whereas
the coulomb is a derived unit,
defined as the quantity of charge
transferred by one ampere in one
second.

basic 1. Describing a compound
that is a base. 2. Describing a solu-
tion containing an excess of hydrox-
ide ions; alkaline.

basic dye See DYEs.

basicity constant See pissocia-
TION.

basic-oxygen process (BOP
process) A high-speed method of
making high-grade steel. It originated
in the Linz-Donawitz (L-D) process.
Molten pig iron and scrap are

charged into a tilting furnace, similar
to the Bessemer furnace except that
it has no tuyeres. The charge is con-
verted to steel by blowing high-
pressure oxygen onto the surface of
the metal through a water-cooled
lance. The excess heat produced en-
ables up to 30% of scrap to be incor-
porated into the charge. The process
has largely replaced the Bessemer
and open-hearth processes.

basic salt A compound that can be
regarded as being formed by replac-
ing some of the oxide or hydroxide
ions in a base by other negative ions.
Basic salts are thus mixed salt-oxides
(e.g. bismuth(III) chloride oxide,
BiOCl) or salt-hydroxides (e.g. lead(II)
chloride hydroxide, Pb(OH)Cl).

basic slag *Slag formed from a
basic flux (e.g. calcium oxide) in a
blast furnace. The basic flux is used
to remove acid impurities in the ore
and contains calcium silicate, phos-
phate, and sulphide. If the phospho-
rus content is high the slag can be
used as a fertilizer.

bathochromic shift A shift ofa
spectral band to longer wavelengths
as a result of substitution in a mol-
ecule or a change in the conditions.
Compare HYPSOCHROMIC SHIFT.

battery A number of electric cells
joined together. The common car
battery, or *accumulator, usually
consists of six secondary cells con-
nected in series to give a total e.m.f.
of 12 volts. A torch battery is usually
a dry version of the *Leclanché cell,
two of which are often connected in
series. Batteries may also have cells
connected in parallel, in which case
they have the same e.m.f. as a single
cell, but their capacity is increased,
i.e. they will provide more total
charge. The capacity of a battery is
usually specified in ampere-hours,
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the ability to supply 1 A for 1 hr, or
the equivalent.

bauxite The chief ore of alu-
minium, consisting of hydrous alu-
minium oxides and aluminous
laterite. It is a claylike amorphous
material formed by the weathering
of silicate rocks under tropical condi-
tions. The chief producers are Aus-
tralia, Guinea, Jamaica, Russia, Brazil,
and Surinam.

b.c.c. Body-centred cubic. See cUBIC
CRYSTAL.

beam balance Sece BALANCE.

Beattie-Bridgman equation An
*equation of state that relates the
pressure, volume, and temperature
of a gas and the gas constant. The
Beattie-Bridgman equation uses em-
pirical constants to take into account
the reduction in the effective num-
ber of molecules due to various types
of molecular aggregation. It is given
by

P=RT(1 - )(V+B)|V2 - A|V2,
where P is the pressure, T is the ther-
modynamic temperature, V is the
volume, R is the gas constant, and A,
B, and ¢ are constants related to five
empirical constants Ay, By, a, b, and ¢
by: A=Ay(1 - afV), B=By(1 - bJV), and
€= ([VT3.
Beckmann rearrangement The
chemical conversion of a ketone
*oxime into an *amide, usually using
sulphuric acid as a catalyst. The reac-
tion, used in the manufacture of
nylon and other polyamides, is
named after the German chemist
Ernst Beckmann (1853-1923).

Beckmann thermometer A ther-
mometer for measuring small
changes of temperature (see illustra-
tion). It consists of a mercury-in-glass
thermometer with a scale covering
only 5 or 6°C calibrated in hun-
dredths of a degree. It has two mer-

cury bulbs, the range of temperature
to be measured is varied by running
mercury from the upper bulb into
the larger lower bulb. It is used par-
ticularly for measuring *depression
of freezing point or *elevation of
boiling point of liquids when solute
is added, in order to find relative mo-
lecular masses.

reservoir for
adjusting range

scale for measuring
temperature change

W...

Beckmann thermometer

becquerel Symbol Bq. The SI unit
of activity (see RADIATION UNITS). The
unit is named after the discoverer of
radioactivity A. H. *Becquerel.

Becquerel, Antoine Henri
(1852-1908) French physicist. His
early researches were in optics, then
in 1896 he accidentally discovered
*radioactivity in fluorescent salts of
uranium. Three years later he
showed that it consists of charged
particles that are deflected by a mag-
netic field. For this work he was
awarded the 1903 Nobel Prize for
physics, which he shared with Pierre
and Marie *Curie.

Beer-Lambert law A law relating
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benzene

the reduction in luminous intensity
of light passing through a material to
the length of the light’s path through
the material: i.e.

log(I/Iy) = -¢[J]l,
where ¢ is the molar *absorption
coefficient, I is the intensity after
passing through a sample of length 1,
I, is the incident intensity, and [J] is
the molar concentration of species J.
The Beer-Lambert law was formed
empirically; however, it can be de-
rived on the basis that the loss in in-
tensity dI is proportional to the
thickness dI of the sample, the con-
centration [J], and the intensity I
(since the rate of absorption is pro-
portional to the intensity). The
Beer-Lambert law means that the in-
tensity of light (or any other form of
electromagnetic radiation) passing
through a sample diminishes expo-
nentially with the concentration and
the thickness of the sample (for a
given wave number).

beet sugar See SUCROSE.

Beilstein’s test A test for the pres-
ence of a halogen (chlorine, bromine,
or iodine) in an organic compound. A
piece of copper wire or gauze is pre-
heated strongly in the oxidizing
flame of a Bunsen burner (until the
flame is no longer green) and the test
substance placed on the wire or
gauze, which is re-heated. A green
flame indicates the presence of a
halogen.

bell metal A type of *bronze used
in casting bells. It consists of 60-85%
copper alloyed with tin, often with
some zinc and lead included.

Belousov-Zhabotinskii reaction
See B-Z REACTION.

Bénard cell A structure associated
with a layer of liquid that is confined
by two horizontal parallel plates, in
which the lateral dimensions are

much larger than the width of the
layer. Before heating the liquid is ho-
mogeneous. However, if after heating
from below the temperatures of the
plates are T, and T,, at a critical value
of the temperature gradient AT =T, -
T, the liquid abruptly starts to con-
vect. The liquid spontaneously orga-
nizes itself into a set of convection
rolls, i.e. the liquid goes round in a
series of ‘cells’, called Bénard cells.

Benedict’s test A biochemical test
to detect reducing sugars in solution,
devised by the US chemist S. R. Bene-
dict (1884-1936). Benedict's reagent -
a mixture of copper(Il) sulphate and a
filtered mixture of hydrated sodium
citrate and hydrated sodium carbon-
ate - is added to the test solution and
boiled. A high concentration of re-
ducing sugars induces the formation
of a red precipitate; a lower concen-
tration produces a yellow precipitate.
Benedict’s test is a more sensitive al-
ternative to *Fehling’s test.

beneficiation (ore dressing) The
separation of an ore into the valuable
components and the waste material
(gangue). This may be achieved by a
number of processes, including
crushing, grinding, magnetic separa-
tion, froth flotation, etc. The dressed
ore, consisting of a high proportion
of valuable components, is then
ready for smelting or some other
refining process.

bent sandwich See SANDWICH cOM-
POUND.

benzaldehyde Sec BENZENECAR-
BALDEHYDE.

benzene A colourless liquid hydro-
carbon, CgHg; r.d. 0.88; m.p. 5.5°C;
b.p. 80.1°C. It is now made from
gasoline from petroleum by catalytic
reforming (formerly obtained from
coal tar). Benzene is the archetypal
*aromatic compound. It has an un-
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Q-0-0-

Kekulé structures

Benzene

saturated molecule, yet will not read-
ily undergo addition reactions. On
the other hand, it does undergo sub-
stitution reactions in which hydro-
gen atoms are replaced by other
atoms or groups. This behaviour oc-
curs because of delocalization of p-
electrons over the benzene ring, and
all the C-C bonds in benzene are
equivalent and intermediate in
length between single and double
bonds. It can be regarded as a reso-
nance hybrid of Kekulé and Dewar
structures (see formulae). In formu-
lae it can be represented by a hexa-
gon with a ring inside it.

benzenecarbaldehyde (benzalde-
hyde) A yellowish volatile oily lig-
uid, C¢gHsCHO; r.d. 1.04; m.p. -26°C;
b.p. 178.1°C. The compound occurs
in almond kernels and has an al-
mond-like smell. It is made from
methylbenzene (by conversion to
dichloromethyl benzene, CsH;CHCI,,
followed by hydrolysis). Benzenecar-
baldehyde is used in flavourings, per-
fumery, and the dyestuffs industry.

benzenecarbonyl chloride (ben-
zoyl chloride) A colourless liquid,
CeHsCOCI; r.d. 1.21; m.p. 0°C; b.p.
197.2°C. It is an *acyl halide, used to
introduce benzenecarbonyl groups
into molecules. See ACYLATION.

benzenecarbonyl group (benzoyl
group) The organic group CgHsCO-.

benzenecarboxylate (benzoate) A
salt or ester of benzenecarboxylic
acid.

benzenecarboxylic acid (benzoic

Dewar structures

acid) A white crystalline compound,
CcHsCOOH; r.d. 1.27; m.p. 122.4°C;
b.p. 249°C. It occurs naturally in
some plants and is used as a food
preservative. Benzenecarboxylic acid
has a carboxyl group bound directly
to a benzene ring. It is a weak car-
boxylic acid (K, = 6.4 x 10~ at 25°C),
which is slightly soluble in water. It
also undergoes substitution reactions
on the benzene ring.

benzene-1,4-diol (hydroquinone;
quinol) A white crystalline solid,
CgH4(OH),; r.d. 1.33; m.p. 170°C; b.p.
285°C. It is used in making dyes. See
also QUINHYDRONE ELECTRODE.

benzene hexacarboxylic acid See
MELLITIC ACID.

benzene hexachloride (BHC) A
crystalline substance, C¢HqClg, made
by adding chlorine to benzene. It is
used as a pesticide and, like *DDT,
concern has been expressed at its en-
vironmental effects.

benzenesulphonic acid A colour-
less deliquescent solid, CcHsSO,0H,
m.p. 43-44°C, usually found as an
oily liquid. It is made by treating ben-
zene with concentrated sulphuric
acid. Its alkyl derivatives are used as
*detergents.

benzfuran (coumarone) A crys-
talline aromatic compound, CgHO.
It is a heterocyclic compound hav-
ing a benzene ring fused to a five-
membered *furan ring.

benzil 1,2-diphenylethan-1,2-dione.
See BENZILIC ACID REARRANGEMENT.
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Benzfuran isomers

benzilic acid rearrangement An
organic rearrangement reaction in
which benzil (1,2-diphenylethan-1,2-
dione) is treated with hydroxide and
then acid to give benzilic acid (2-hy-
droxy-2,2-diphenylethanoic acid):
CsHs.CO.CO.CeHs —
(C6Hs),C(OH).COOH
In the reaction a phenyl group
(C¢Hs-) migrates from one carbon
atom to another. The reaction was
discovered in 1828 by Justus von
*Liebig; it was the first rearrange-
ment reaction to be described.

benzoate Se¢ BENZENECARBOXYLATE.

benzodiazepines A group of re-
lated psychotic drugs that affect the
central nervous system. They are
used medically in the treatment of
anxiety, insomnia, convulsions, and
alcohol withdrawal. All are addictive
and available only as prescription
drugs in the UK. Common examples
are *diazepam (Valium) and *fluni-
trazepam (Rohypnol).

benzoic acid See BENZENECAR-
BOXYLIC ACID.

benzoin A colourless crystalline
compound, CcHsCHOHCOCgHs; m.p.

137°C. It is a condensation product of
*benzenecarbaldehyde (benzalde-
hyde), made by the action of sodium
cyanide on benzenecarbaldehyde in
alcoholic solution. It also occurs natu-
rally as the resin of a tropical tree. It
is both a secondary alcohol and a ke-
tone, and gives reactions characteris-
tic of both types of compound.

benzopyrene A crystalline aro-
matic hydrocarbon, C,,H;,; m.p.
179°C. It is found in coal tar and is
highly carcinogenic.

Benzopyrene

benzoquinone See CYCLOHEXADI-
ENE-1,4-DIONE.

benzoylation A chemical reaction
in which a benzoyl group (benzene-
carbonyl group, C4HsCO) is intro-
duced into a molecule. See ACYLATION.

o o
—
OH
0 OH

Benzilic acid rearrangement
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benzoyl chloride See BENZENECAR-
BONYL CHLORIDE.

benzoylecgonine (BZ) A primary
metabolite of cocaine, used in drug
testing. It can be detected in the
urine up to 48 hours after taking co-
caine. BZ is tested for by immunoas-
say or by gas chromatography/mass
spectrometry.

benzoyl group See BENZENECAR-
BONYL GROUP.

benzpyrene A pale yellow solid,
CyoHiz, m.p. 179°C, whose molecules
consist of five fused benzene rings. It
occurs in tars from coal and tobacco
smoke and is a *carcinogen.

benzvalene A valence isomer of
benzene, C¢Hg, with a bridged struc-
ture.

benzyl alcohol See PHENYI-
METHANOL.

benzylamine (o-aminotoluene,
phenylmethylamine) A colourless lig-
uid, C¢HsCH,NH,; r.d. 0.981; b.p.
185°C. It behaves in the same way as
primary aliphatic amines.

benzyne (1,2-didehydrobenzene) A
highly reactive short-lived com-
pound, CgH,, having a hexagonal
ring of carbon atoms containing two
double bonds and one triple bond.
Benzyne, which is the simplest exam-
ple of an *aryne, is thought to be an
intermediate in a number of reac-
tions.

¢
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Benzyne

Bergius, Friedrich Karl Rudolf
(1884-1949) German organic
chemist. While working with Fritz

*Haber in Karlsruhe, he become in-
terested in reactions at high pres-
sures. In 1912 he devised an
industrial process for making light
hydrocarbons by the high-pressure
hydrogenation of coal or heavy oil.
The work earned him a share of the
1931 Nobel Prize for chemistry with
Carl Bosch (1874-1940). The Bergius
process proved important for supply-
ing petrol for the German war effort
in World War II.

Bergius process A process for
making hydrocarbon mixtures (for
fuels) from coal by heating powdered
coal mixed with tar and iron(III)
oxide catalyst at 450°C under hydro-
gen at a pressure of about 200 atmos-
pheres. In later developments of the
process, the coal was suspended in
liquid hydrocarbons and other cata-
lysts were used. The process was de-
veloped by Friedrich *Bergius during
World War I as a source of motor fuel.

berkelium Symbol Bk. A radio-
active metallic transuranic element
belonging to the *actinoids; a.n. 97;
mass number of the most stable iso-
tope 247 (half-life 1.4 x 108 years); r.d.
(calculated) 14. There are eight
known isotopes. It was first produced
by G. T. Seborg and associates in
1949 by bombarding americium-241
with alpha particles.

[ {3) see wes Links J
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Berry mechanism A mechanism
by which ligands in trigonal bipyra-
midal complexes can interchange be-
tween axial and equatorial positions.
It involves intermediate formation of
a square pyramidal conformation. It
is also known as the Berry pseudo-
rotation.

Berthelot, Marcellin (Pierre Eu-
géne) (1827-1907) French chemist
who pioneered organic synthesis,
producing many organic compounds
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beryllium bronze

from simple starting materials.
Berthelot was also one of the first to
investigate thermochemistry.

Berthelot equation An *equation
of state that relates the pressure, vol-
ume, and temperature of a gas and
the gas constant. It is given by:

PV =RT[1 + 9PT,(1 - 6T.2/T2)[128PT].

where P is the pressure, V is the vol-
ume, R is the gas constant, T is the
thermodynamic temperature, and T,
and P, are the critical temperature
and pressure of the gas. The Berth-
elot equation can be derived from
the *Clapeyron-Clausius equation.

Berthollide compound A solid
compound with slight variations in
chemical composition (see NONSTOI-
CHIOMETRIC COMPOUND). Berthollide
compounds are named after the
French inorganic chemist Claude
Louis Berthollet (1748-1822), who at-
tacked the law of constant composi-
tion.

beryl A hexagonal mineral form of
beryllium aluminium silicate,
Be;AlSigO;5; the chief ore of beryl-
lium. It may be green, blue, yellow,
or white and has long been used as a
gemstone. Beryl occurs throughout
the world in granite and pegmatites.
*Emerald, the green gem variety, oc-
curs more rarely and is of great
value. Important sources of beryl are
found in Brazil, Madagascar, and the
USA.

beryllate A compound formed in
solution when beryllium metal, or
the oxide or hydroxide, dissolves in
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Berry mechanism

strong alkali. The reaction (for the
metal) is often written

Be + 20H-(aq) — BeO,% (aq) + H,(g)
The ion BeO,? is the beryllate ion. In
fact, as with the *aluminates, the
ions present are probably hydroxy
ions of the type Be(OH),2- (the
tetrahydroxoberyllate(ll) ion) to-
gether with polymeric ions.

beryllia See BERYLLIUM OXIDE.

beryllium Symbol Be. A grey metal-
lic element of *group 2 (formerly IIA)
of the periodic table; a.n. 4; r.a.m.
9.012; r.d. 1.85; m.p. 1278°C; b.p.
2970°C. Beryllium occurs as beryl
(3Be0.AlL,0;.6Si0,) and chrysoberyl
(BeO.Al,O3). The metal is extracted
from a fused mixture of BeF,/NaF by
electrolysis or by magnesium reduc-
tion of BeF,. It is used to manufac-
ture Be-Cu alloys, which are used in
nuclear reactors as reflectors and
moderators because of their low ab-
sorption cross section. Beryllium
oxide is used in ceramics and in nu-
clear reactors. Beryllium and its com-
pounds are toxic and can cause
serious lung diseases and dermatitis.
The metal is resistant to oxidation by
air because of the formation of an
oxide layer, but will react with dilute
hydrochloric and sulphuric acids.
Beryllium compounds show high co-
valent character. The element was
isolated independently by F. *Wohler
and A. A. Bussy in 1828.

[ @) see wes s ]
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beryllium bronze A hard, strong
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type of *bronze containing about 2%
beryllium, in addition to copper and
tin.

beryllium hydroxide A white
crystalline compound, Be(OH),, pre-
cipitated from solutions of beryllium
salts by adding alkali. Like the oxide,
it is amphoteric and dissolves in ex-
cess alkali to give *beryllates.

beryllium oxide (beryllia) An in-
soluble solid compound, BeO; hexag-
onal; r.d. 3.01; m.p. 2530°C; b.p.
3900°C. It occurs naturally as bromel-
lite, and can be made by burning
beryllium in oxygen or by the de-
composition of beryllium carbonate
or hydroxide. It is an important am-
photeric oxide, reacting with acids to
form salts and with alkalis to form
compounds known as *beryllates.
Beryllium oxide is used in the
production of beryllium and
beryllium-copper refractories, tran-
sistors, and integrated circuits.

Berzelius, Jons Jacob (1779-1848)
Swedish chemist. After moving to
Stockholm he worked with mining
chemists and, with them, discovered
several elements, including cerium
(1803), selenium (1817), lithium
(1818), thorium (1828), and vanadium
(1830). He produced the first accurate
table of atomic weights and was ex-
tremely influential in the general
development of 19th-century
chemistry.

Bessemer process A process for
converting *pig iron from a *blast
furnace into *steel. The molten pig
iron is loaded into a refractory-lined
tilting furnace (Bessemer converter)
at about 1250°C. Air is blown into
the furnace from the base and
*spiegel is added to introduce the
correct amount of carbon. Impurities
(especially silicon, phosphorus, and
manganese) are removed by the con-
verter lining to form a slag. Finally

the furnace is tilted so that the
molten steel can be poured off. In
the modern VLN (very low nitrogen)
version of this process, oxygen and
steam are blown into the furnace in
place of air to minimize the absorp-
tion of nitrogen from the air by the
steel. The process is named after the
British engineer Sir Henry Bessemer
(1813-98), who announced it in 1856.
See also BASIC-OXYGEN PROCESS.

beta decay A type of radioactive
decay in which an unstable atomic
nucleus changes into a nucleus of the
same mass number but different pro-
ton number. The change involves the
conversion of a neutron into a pro-
ton with the emission of an electron
and an antineutrino (n > p +e +V)
or of a proton into a neutron with
the emission of a positron and a neu-
trino (p —» n + e* +v). An example is
the decay of carbon-14:

HC > 14N+e +V
The electrons or positrons emitted
are called beta particles and streams
of beta particles are known as beta
radiation.

beta-iron A nonmagnetic allotrope
of iron that exists between 768°C
and 900°C.

beta particle See BETA DECAY.

beta sheet (B-pleated sheet) A
form of secondary structure in *pro-
teins in which extended polypeptide
chains lie parallel to each other and
are linked by hydrogen bonds be-
tween the N-H and C=0 groups (see
illustration overleaf). Beta sheets
occur in many globular proteins and
link polypeptides of the same type in
certain fibrous proteins, including
fibroin (the protein of silk).

BET isotherm An isotherm that
takes account of the possibility that
the monolayer in the *Langmuir ad-
sorption isotherm can act as a sub-
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strate for further adsorption. The
BET isotherm (named after S.
Brunauer, P. Emmett, and E. Teller)
has the form:

VVinon = czf{(1 - 2)[1 - (1 - )z},
where z = p[p* (p* is the vapour pres-
sure above a macroscopically thick
layer of liquid on the surface), V., is
the volume that corresponds to the
surface being covered by a mono-
layer, V and p are the volume and
pressure of the gas respectively, and ¢
is a constant. In the BET isotherm,
the isotherm rises indefinitely at
high pressures (in contrast to the
Langmuir isotherm). It provides a
useful approximation over some
ranges of pressure but underesti-
mates adsorption for low pressures
and overestimates adsorption for
high pressures.

BHC See BENZENE HEXACHLORIDE.

bicarbonate Se¢c HYDROGENCARBON-
ATE.
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bicarbonate of soda See soprum
HYDROGENCARBONATE.

bifurcation A phenomenon in dy-
namical systems in which the num-
ber of solutions for a type of
behaviour suddenly changes when
one of the parameters defining the
system reaches a critical value. Bifur-
cations can be depicted in a bifurca-
tion diagram in which one axis of a
graph is a variable of the system and
the other axis is a parameter that can
bring about bifurcations. In many
systems a whole series of bifurca-
tions occur, called bifurcation cas-
cades. In certain cases these
bifurcation cascades can lead to
chaotic reactions.

bimolecular reaction A stepina
chemical reaction that involves two
molecules. See MOLECULARITY.

binary Describing a compound or
alloy formed from two elements.

binary acid An *acid in which the
acidic hydrogen atom(s) are bound di-
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rectly to an atom other than oxygen.
Examples are hydrogen chloride
(HC]) and hydrogen sulphide (H,S).
Such compounds are sometimes
called hydracids. Compare OXOACID.

binding site An area on the sur-
face of a molecule that combines
with another molecule. Binding sites
on enzymes can be *active sites or
*allosteric sites.

bioaccumulation An increase in
the concentration of chemicals, such
as pesticides, in organisms that live
in environments contaminated by a
wide variety of organic compounds.
These compounds are not usually de-
composed in the environment (i.e.
they are not biodegradable) or metab-
olized by the organisms, so that their
rate of absorption and storage is
greater than their rate of excretion.
The chemicals are normally stored in
fatty tissues. *DDT is known as a per-
sistent pesticide, as it is not easily
broken down and bioaccumulates
along food chains, so that increasing
concentrations occur in individual or-
ganisms at each trophic level.

bioactivation A metabolic process
in which a product that is chemically
reactive is produced from a relatively
inactive precursor.

biochemical fuel cell A system
that exploits biological reactions for
the conversion of biomass (chemical
energy) to electricity (electrical en-
ergy). One potential application is the
generation of electricity from indus-
trial waste and sewage. Methyl-
trophic organisms (i.e. organisms that
use methane or methanol as their
sole carbon sources) are being inves-
tigated for their potential use in bio-
chemical fuel cells.

biochemical oxygen demand
(BOD) The amount of oxygen taken
up by microorganisms that decom-

pose organic waste matter in water.
It is therefore used as a measure of
the amount of certain types of or-
ganic pollutant in water. BOD is cal-
culated by keeping a sample of water
containing a known amount of oxy-
gen for five days at 20°C. The oxygen
content is measured again after this
time. A high BOD indicates the pres-
ence of a large number of microor-
ganisms, which suggests a high level
of pollution.

biochemistry The study of the
chemistry of living organisms, espe-
cially the structure and function of
their chemical components (princi-
pally proteins, carbohydrates, lipids,
and nucleic acids). Biochemistry has
advanced rapidly with the develop-
ment, from the mid-20th century, of
such techniques as chromatography,
X-ray diffraction, radioisotopic la-
belling, and electron microscopy.
Using these techniques to separate
and analyse biologically important
molecules, the steps of the metabolic
pathways in which they are involved
(e.g. glycolysis) have been deter-
mined. This has provided some
knowledge of how organisms obtain
and store energy, how they manufac-
ture and degrade their biomolecules,
and how they sense and respond to
their environment. See Chronology.

biodiesel See BIOFUEL.

bioelement Any chemical element
that is found in the molecules and
compounds that make up a living or-
ganism. In the human body the most
common bioelements (in decreasing
order of occurrence) are oxygen, car-
bon, hydrogen, nitrogen, calcium,
and phosphorus. Other bioelements
include sodium, potassium, magne-
sium, and copper. See ESSENTIAL EL-
EMENT.

bioenergetics The study of the
flow and the transformations of en-
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biopolymer

ergy that occur in living organisms.
Typically, the amount of energy that
an organism takes in (from food or
sunlight) is measured and divided
into the amount used for growth of
new tissues; that lost through death,
wastes, and (in plants) transpiration;
and that lost to the environment as
heat (through respiration).

biofuel A gaseous, liquid, or solid
fuel that contains an energy content
derived from a biological source. The
organic matter that makes up living
organisms provides a potential
source of trapped energy that is be-
ginning to be exploited to supply the
ever-increasing energy demand
around the world. An example of a
biofuel is rapeseed oil, which can be
used in place of diesel fuel in mod-
ified engines. The methyl ester of
this oil, rapeseed methyl ester (RME),
can be used in unmodified diesel en-
gines and is sometimes known as
biodiesel. Other biofuels include
*biogas and *gasohol.

biogas A mixture of methane and
carbon dioxide resulting from the
anaerobic decomposition of such
waste materials as domestic, indus-
trial, and agricultural sewage. The de-
composition is carried out by
methanogenic bacteria; these oblig-
ate anaerobes produce methane, the
main component of biogas, which
can be collected and used as an en-
ergy source for domestic processes,
such as heating, cooking, and light-
ing. The production of biogas is car-
ried out in special digesters, which
are widely used in China and India.
As well as providing a source of fuel,
these systems also enable sewage,
which contains pathogenic bacteria,
to be digested, thereby removing the
danger to humans that could other-
wise result from untreated domestic
and agricultural waste.

bioinorganic chemistry Biochem-
istry involving compounds that con-
tain metal atoms or ions. Two
common examples of bioinorganic
compounds are haemoglobin (which
contains iron) and chlorophyll
(which contains magnesium). Many
enzymes contain metal atoms and
bioinorganics are important in a
number of biochemical processes, in-
cluding oxygen transport, electron
transfer, and protein folding.

bioluminescence The emission
of light without heat (see LUMI-
NESCENCE) by living organisms. The
phenomenon occurs in glow-worms
and fireflies, bacteria and fungi, and
in many deep-sea fish (among oth-
ers); in animals it may serve as a
means of protection (e.g. by disguis-
ing the shape of a fish) or species
recognition or it may provide mating
signals. The light is produced during
the oxidation of a compound called
luciferin (the composition of which
varies according to the species), the
reaction being catalysed by an en-
zyme, luciferase. Bioluminescence
may be continuous (e.g. in bacteria)
or intermittent (e.g. in fireflies).

biomarker A normal metabolite
that, when present in abnormal con-
centrations in certain body fluids,
can indicate the presence of a partic-
ular disease or toxicological condi-
tion. For example, abnormal
concentrations of glucose in the
blood can be indicative of diabetes
mellitus (see INSULIN).

biomolecule Any molecule that is
involved in the maintenance and
metabolic processes of living organ-
isms (see METABOLISM). Biomolecules
include carbohydrate, lipid, protein,
nucleic acid, and water molecules;
some biomolecules are macromole-
cules.

biopolymer A polymer that occurs
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1833 French chemist Anselme Payen (1795-1871) discovers diastase (the first
enzyme to be discovered).

1836  Theodor Schwann discovers the digestive enzyme pepsin.

¢.1860 Louis Pasteur demonstrates fermentation is caused by ‘ferments’ in yeasts
and bacteria.

1869 German biochemist Johann Friedrich Miescher (1844-95) discovers nucleic
acid.

1877 Pasteur’s ‘ferments’ are designated as enzymes.

1890  German chemist Emil Fischer (1852-1919) proposes the ‘lock-and-key’
mechanism to explain enzyme action.

1901 Japanese chemist Jokichi Takamine (1854—-1922) isolates adrenaline (the first
hormone to be isolated).

1903 German biologist Eduard Buchner (1860-1917) discovers the enzyme
zymase (causing fermentation).

1904 British biologist Arthur Harden (1865-1940) discovers coenzymes.

1909 Russian-born US biochemist Phoebus Levene (1869-1940) identifies ribose in
RNA.

1921 Canadian physiologist Frederick Banting (1891-1941) and US physiologist
Charles Best (1899-1978) isolate insulin.

1922 Alexander Fleming discovers the enzyme lysozyme.

1925  Russian-born British biologist David Keilin (1887-1963) discovers
cytochrome.

1926 US biochemist James Sumner (1877-1955) crystallizes urease (the first
enzyme to be isolated).

1929 German chemist Hans Fischer (1881-1945) determines the structure of
haem (in haemoglobin).
K. Lohman isolates ATP from muscle.

1930 US biochemist John Northrop (1891-1987) isolates the stomach enzyme
pepsin.

1932 Swedish biochemist Hugo Theorell (1903-82) isolates the muscle protein
myoglobin.

1937  Hans Krebs discovers the Krebs cycle.

1940  German-born US biochemist Fritz Lipmann (1899-1986) proposes that ATP
is the carrier of chemical energy in many cells.

1943 US biochemist Britton Chance (1913— ) discovers how enzymes work (by
forming an enzyme-substrate complex).

1952 US biologist Alfred Hershey (1908-97) proves that DNA carries genetic
information.

1953 Francis Crick and James Watson discover the structure of DNA.

1955  Frederick Sanger discovers the amino acid sequence of insulin.
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1956

1957
1959

1960

1961

1969

1970

1973

1977

1984
1985

1986

1988

1994
1998

2001

2002

2004

US biochemist Arthur Kornberg (1918- ) discovers the enzyme DNA
polymerase.

US molecular biologist Paul Berg (1926— ) identifies the nucleic acid later
known as transfer RNA.

British biologist Alick Isaacs (1921-67) discovers interferon.

Austrian-born British biochemist Max Perutz (1914-2002) determines the
structure of haemoglobin.

South African-born British molecular biologist Sydney Brenner (1927- )
and French biochemist Francois Jacob (1920- ) discover messenger
RNA.

British biochemist Peter Mitchell (1920-92) proposes the chemiosmotic
theory.

Brenner and Crick discover that the genetic code consists of a series of base
triplets.

US biochemist Gerald Edelman (1929- ) discovers the amino acid sequence
of immunoglobulin G.

US virologists Howard Temin (1934-94) and David Baltimore (1938- )
discover the enzyme reverse transcriptase.

US molecular biologist Hamilton Smith (1931— ) discovers restriction
enzymes.

US biochemists Stanley Cohen (1935- ) and Herbert Boyer (1936— ) use
restriction enzymes to produce recombinant DNA.

Sanger determines the complete base sequence of DNA in bacteriophage
X174,

British biochemist Alec Jeffreys (1950- ) devises DNA profiling.

US biochemist Kary Mullis (1944— ) invents the polymerase chain reaction
for amplifying DNA.

US pharmacologists Robert Furchgott (1916— ) and Louis Ignarro

(1941- ) demonstrate the importance of nitric oxide as a signal molecule in
the blood vascular system.

US biochemist Peter Agre (1949- ) identifies a water-channel protein
(aquaporin) in the plasma membrane of cells.

Beginnings of DNA chip technology.

US biochemist Roderick MacKinnon (1956— ) reveals detailed three-
dimensional structure of potassium-ion channel in brain cells.

US molecular biologist Harry Noller and colleagues produce first detailed
X-ray crystallographic image of a complete ribosome.

First synthetic virus created by Eckard Wimmer and associates, based on
human poliovirus.

A team led by David L. Spector produces the first real-time imaging of gene
transcription in a living cell, using different fluorescent markers to tag nucleic
acids and proteins.
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naturally, such as a *polysaccharide,
*protein, or *nucleic acid.

bioreactor (industrial fermenter) A
large stainless steel tank used to
grow producer microorganisms in
the industrial production of enzymes
and other chemicals. After the tank
is steam-sterilized, an inoculum of
the producer cells is introduced into
a medium that is maintained by
probes at optimum conditions of
temperature, pressure, pH, and oxy-
gen levels for enzyme production. An
agitator (stirrer) mixes the medium,
which is constantly aerated. It is es-
sential that the culture medium is
sterile and contains the appropriate
nutritional requirements for the
microorganism. When the nutrients
have been utilized the product is sep-
arated; if the product is an extracellu-
lar compound the medium can be
removed during the growth phase of
the microorganisms, but an intracel-
lular product must be harvested
when the batch culture growth stops.
Some bioreactors are designed for
continuous culture.

biosensor A device that uses an im-
mobilized agent to detect or measure
a chemical compound. The agents in-
clude enzymes, antibiotics, or-
ganelles, or whole cells. A reaction
between the immobilized agent and
the molecule being analysed is trans-
duced into an electronic signal. This
signal may be produced in response
to the presence of a reaction product,
the movement of electrons, or the
appearance of some other factor (e.g.
light). Biosensors are being used in-
creasingly in diagnostic tests: these
allow quick, sensitive, and specific
analysis of a wide range of biological
products, including antibiotics, vita-
mins, and other important biomole-
cules (such as glucose), as well as the
determination of certain *xenobi-

otics, such as synthetic organic com-
pounds.

biosynthesis The production of
molecules by a living cell, which is
the essential feature of *anabolism.

biotechnology The development
of techniques for the application of
biological processes to the produc-
tion of materials of use in medicine
and industry. For example, the pro-
duction of antibiotics, cheese, and
wine rely on the activity of various
fungi and bacteria. Genetic engineer-
ing can modify bacterial cells to syn-
thesize completely new substances,
e.g. hormones, vaccines, monoclonal
antibodies, etc., or introduce novel
traits into plants or animals.

biotin A vitamin in the *vitamin B
complex. It is the *coenzyme for var-
ious enzymes that catalyse the incor-
poration of carbon dioxide into
various compounds. Adequate
amounts are normally produced by
the intestinal bacteria; other sources
include cereals, vegetables, milk, and
liver.

biotite An important rock-forming
silicate mineral, a member of the
*mica group of minerals, in common
with which it has a sheetlike crystal
structure. It is usually black, dark
brown, or green in colour.

bipy See DIPYRIDYL.
bipyramid See cOMPLEX.
bipyridyl See DIPYRIDYL.

biradical (diradical) A radical that
has two unpaired electrons at differ-
ent points in the molecule, so that
the radical centres are independent
of each other.

birefringence See DOUBLE REFRAC-
TION.

Birge-Sponer extrapolation A
method used to calculate the heat of
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dissociation of a molecule by extrap-
olation from observed band spectra.
The dissociation energy D, is equal to
the sum of the vibrational quanta AG,
where AG represents the energy be-
tween two successive vibrational
states. This means that D, is approxi-
mately equal to the area under the
curve of AG plotted against the vibra-
tional quantum number v. If the first
few vibrational quanta are observed,
an approximate value of D, can be
obtained by a linear extrapolation of
this curve. If a sufficient number of
vibrational quanta have been ob-
served, a considerable improvement
in the value of D, can be obtained by
taking the curvature of the AG curve
into account by quadratic (and/or)
higher terms. The technique was put
forward by R. T. Birge and H. Sponer
in 1926.

Birkeland-Eyde process A
process for the fixation of nitrogen
by passing air through an electric

arc to produce nitrogen oxides. It
was introduced in 1903 by the Nor-
wegian chemists Kristian Birkeland
(1867-1913) and Samuel Eyde
(1866-1940). The process is economic
only if cheap hydroelectricity is avail-
able.

bisecting See CONFORMATION.

bismuth Symbol Bi. A white crys-
talline metal with a pinkish tinge be-
longing to *group 15 (formerly VB) of
the periodic table; a.n. 83; r.a.m.
208.98; r.d. 9.78; m.p. 271.3°C; b.p.
1560°C. The most important ores are
bismuthinite (Bi,S;) and bismite
(Bi,O3). Peru, Japan, Mexico, Bolivia,
and Canada are major producers. The
metal is extracted by carbon reduc-
tion of its oxide. Bismuth is the most
diamagnetic of all metals and its
thermal conductivity is lower than
any metal except mercury. The metal
has a high electrical resistance and a

high Hall effect when placed in mag-
netic fields. It is used to make low-
melting-point casting alloys with tin
and cadmium. These alloys expand
on solidification to give clear replica-
tion of intricate features. It is also
used to make thermally activated
safety devices for fire-detection and
sprinkler systems. More recent appli-
cations include its use as a catalyst
for making acrylic fibres, as a con-
stituent of malleable iron, as a car-
rier of uranium-235 fuel in nuclear
reactors, and as a specialized thermo-
couple material. Bismuth compounds
(when lead-free) are used for cosmet-
ics and medical preparations. It is at-
tacked by oxidizing acids, steam (at
high temperatures), and by moist
halogens. It burns in air with a blue
flame to produce yellow oxide fumes.
C. G. Junine first demonstrated that it
was different from lead in 1753.

[ @) e wes ks ]

¢ Information from the WebElements site
bisphosphonates (diphospho-
nates) A class of medical drugs used
in the treatment of osteoporosis and
other conditions that involve fragile
bones. The bisphosphonates attack
osteoclasts (i.e. the bone cells that
break down bone tissue). The general
formula is O;P-C(R'R3)-PO;. The side
chain R! is a simple group (-H, -OH,
-Cl). R? is usually a longer chain (e.g.
-S-C¢H,4-Cl or -(CH,)s-NH,.

bistability The ability of a system
to exist in two steady states. Bistabil-
ity is a necessary condition for oscil-
lations to occur in chemical
reactions. The two steady states of a
bistable system are not states of ther-
modynamic equilibrium, as they are
associated with conditions far from
equilibrium. Chemical reactions in-
volving bistability jump suddenly
from one state to the other state
when a certain concentration of one
of the participants in the reaction is
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reached. The effect is analogous to
the phenomenon of supercooling, i.e.
the cooling of a liquid below its
freezing point without freezing. See
also OSCILLATING REACTION.

bisulphate Se¢ HYDROGENSULPHATE.

bisulphite Se¢e HYDROGENSULPHITE;
ALDEHYDES.

bite angle See CHELATE.

bittern The solution of salts re-
maining when sodium chloride is
crystallized from sea water.

bitumen See PETROLEUM.
bituminous coal See coal.
bituminous sand See OIL SAND.

biuret test A biochemical test to
detect proteins in solution, named
after the substance biuret (H,NCON-
HCONH,), which is formed when
urea is heated. Sodium hydroxide is
mixed with the test solution and
drops of 1% copper(Il) sulphate solu-
tion are then added slowly. A positive
result is indicated by a violet ring,
caused by the reaction of *peptide
bonds in the proteins or peptides.
Such a result will not occur in the
presence of free amino acids.

bivalent (divalent) Having a va-
lency of two.

Black, Joseph (1728-99) British
chemist and physician, born in
France. He studied at Glasgow and
Edinburgh, where his thesis (1754)
contained the first accurate descrip-
tion of the chemistry of carbon diox-
ide. In 1757 he discovered latent
heat, and was the first to distinguish
between heat and temperature.

blackdamp (choke damp) Air left
depleted in oxygen following the ex-
plosion of firedamp in a mine.

black lead See caArBON.

blanc fixe See BARITUM SULPHATE.

blast furnace A furnace for smelt-
ing iron ores, such as haematite
(Fe,05) or magnetite (Fe;0,4), to make
*pig iron. The furnace is a tall refrac-
tory-lined cylindrical structure that is
charged at the top with the dressed
ore (see BENEFICIATION), coke, and a
flux, usually limestone. The conver-
sion of the iron oxides to metallic
iron is a reduction process in which
carbon monoxide and hydrogen are
the reducing agents. The overall reac-
tion can be summarized thus:

Fe;0, + 2CO + 2H, — 3Fe + 2CO, +

2H,0

The CO is obtained within the fur-
nace by blasting the coke with hot
air from a ring of tuyeres about two-
thirds of the way down the furnace.
The reaction producing the CO is:

2C+ 0, — 2CO

In most blast furnaces hydrocarbons
(oil, gas, tar, etc.) are added to the
blast to provide a source of hydrogen.
In the modern direct-reduction
process the CO and H, may be pro-
duced separately so that the reduc-
tion process can proceed at a lower
temperature. The pig iron produced
by a blast furnace contains about 4%
carbon and further refining is usually
required to produce steel or cast iron.

blasting gelatin A high explosive
made from nitroglycerine and gun
cotton (cellulose nitrate).

bleaching powder A white solid
regarded as a mixture of calcium
chlorate(I), calcium chloride, and cal-
cium hydroxide. It is prepared on a
large scale by passing chlorine gas
through a solution of calcium hy-
droxide. Bleaching powder is sold on
the basis of available chlorine, which
is liberated when it is treated with a
dilute acid. It is used for bleaching
paper pulps and fabrics and for steril-
izing water.
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blende A naturally occurring metal
sulphide, e.g. zinc blende ZnS.

Bloch’s theorem A theorem relat-
ing to the *quantum mechanics of
crystals stating that the wave func-
tion y for an electron in a periodic
potential has the form wy(r) =
exp(ik-r)U(r), where k is the wave
vector, r is a position vector, and U(r)
is a periodic function that satisfies
U(r + R) = U(r), for all vectors R of the
Bravais lattice of the crystal. Block’s
theorem is interpreted to mean that
the wave function for an electron in
a periodic potential is a plane wave
modulated by a periodic function.
This explains why a free-electron
model has some success in describing
the properties of certain metals al-
though it is inadequate to give a
quantitative description of the prop-
erties of most metals. Block’s theo-
rem was formulated by the
German-born US physicist Felix
Bloch (1905-83) in 1928. See also EN-
ERGY BAND.

block See PERIODIC TABLE.
block copolymer See POLYMER.

blood pigment Any one of a
group of metal-containing coloured
protein compounds whose function
is to increase the oxygen-carrying ca-
pacity of blood.

blue vitriol See cOPPER(1I)
SULPHATE.

boat See RING CONFORMATIONS.

boat conformation See CONFOR-
MATION.

BOD See BIOCHEMICAL OXYGEN DE-
MAND.

body-centred cubic (b.c.c.) See
CUBIC CRYSTAL.

boehmite A mineral form of a
mixed aluminium oxide and hydrox-
ide, AlO.OH. It is named after the

German scientist J. BOhm. See ALU-
MINIUM HYDROXIDE.

Bohr, Niels Henrik David (1885- a

1962) Danish physicist. In 1913 he
published his explanation of how
atoms, with electrons orbiting a
central nucleus, achieve stability by
assuming that their angular momen-
tum is quantized. Movement of elec-
trons from one orbit to another is
accompanied by the absorption or
emission of energy in the form of
light, thus accounting for the series
of lines in the emission *spectrum of
hydrogen. For this work Bohr was
awarded the 1922 Nobel Prize for
physics. See BOHR THEORY.

bohrium Symbol Bh. A radioactive
*transactinide element; a.n. 107. It
was first made in 1981 by Peter Arm-
bruster and a team in Darmstadt,
Germany, by bombarding bismuth-
209 nuclei with chromium-54 nuclei.
Only a few atoms of bohrium have
ever been detected.

[ (@) see wes Links ]

¢ Information from the WebElements site
Bohr magneton See MAGNETON.

Bohr theory The theory published
in 1913 by Niels *Bohr to explain the
line spectrum of hydrogen. He as-
sumed that a single electron of mass
m travelled in a circular orbit of ra-
dius r, at a velocity v, around a posi-
tively charged nucleus. The angular
momentum of the electron would
then be mvr. Bohr proposed that elec-
trons could only occupy orbits in
which this angular momentum had
certain fixed values, h/2m, 2h/2%,
3h/2m,...nhj2w, where h is the Planck
constant. This means that the angu-
lar momentum is quantized, i.e. can
only have certain values, each of
which is a multiple of n. Each permit-
ted value of n is associated with an
orbit of different radius and Bohr as-
sumed that when the atom emitted
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or absorbed radiation of frequency v,
the electron jumped from one orbit
to another; the energy emitted or ab-
sorbed by each jump is equal to hv.
This theory gave good results in pre-
dicting the lines observed in the
spectrum of hydrogen and simple
ions such as He", Li?*, etc. The idea of
quantized values of angular momen-
tum was later explained by the wave
nature of the electron. Each orbit has
to have a whole number of wave-
lengths around it; i.e. nA = 2nr, where
A is the wavelength and n a whole
number. The wavelength of a particle
is given by h/mv, so nh/mv = 2nr,
which leads to mvr = nh/2r. Modern
atomic theory does not allow sub-
atomic particles to be treated in the
same way as large objects, and Bohr’s
reasoning is somewhat discredited.
However, the idea of quantized angu-
lar momentum has been retained.

boiling point (b.p.) The tempera-
ture at which the saturated vapour
pressure of a liquid equals the exter-
nal atmospheric pressure. As a conse-
quence, bubbles form in the liquid
and the temperature remains con-
stant until all the liquid has evapo-
rated. As the boiling point of a liquid
depends on the external atmospheric
pressure, boiling points are usually
quoted for standard atmospheric
pressure (760 mmHg = 101 325 Pa).

boiling-point-composition dia-
gram A graph showing how the
boiling point and vapour composi-
tion of a mixture of two liquids de-
pends on the composition of the
mixture. The abscissa shows the
range of compositions from 100% A
at one end to 100% B at the other.
The diagram has two curves: the
lower one gives the boiling points (at
a fixed pressure) for the different
compositions. The upper one is plot-
ted by taking the composition of
vapour at each temperature on the

boiling-point curve. The two curves
would coincide for an ideal mixture,
but generally they are different be-
cause of deviations from *Raoult’s
law. In some cases, they may show a
maximum or minimum and coincide
at some intermediate composition,
explaining the formation of
*azeotropes.

boiling-point elevation See
ELEVATION OF BOILING POINT.

Boltzmann, Ludwig Eduard
(1844-1906) Austrian physicist. He
held professorships in Graz, Vienna,
Munich, and Leipzig, where he
worked on the kinetic theory of
gases (see MAXWELL-BOLTZMANN DIS-
TRIBUTION) and on thermodynamics
(see BOLTZMANN EQUATION). He suf-
fered from depression and commit-
ted suicide.

Boltzmann constant Symbol k.
The ratio of the universal gas con-
stant (R) to the Avogadro constant
(Na). It may be thought of therefore
as the gas constant per molecule:

k=R|N, = 1.380 658(12) x 10723 J K-
It is named after Ludwig *Boltzmann.

Boltzmann equation An equation
used in the study of a collection of
particles in *nonequilibrium statisti-
cal mechanics, particularly their
transport properties. The Boltzmann
equation describes a quantity called
the distribution function, f, which
gives a mathematical description of
the state and how it is changing. The
distribution function depends on a
position vector r, a velocity vector v,
and the time t; it thus provides a sta-
tistical statement about the positions
and velocities of the particles at any
time. In the case of one species of
particle being present, Boltzmann’s
equation can be written

dfot + a.(df]ov) + v.(df]or) = (9f]Ot)cons
where a is the acceleration of bodies
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between collisions and (dffot).. is the
rate of change of fir,v,t) due to colli-
sions. The Boltzmann equation can
be used to calculate *transport
coefficients, such as conductivity. The
equation was proposed by Ludwig
*Boltzmann in 1872.

Boltzmann formula An equation
concerning the entropy S of a system
that derives from statistical mechan-
ics. It states that entropy is related to
the number W of distinguishable
ways in which the equation S=k
InW, where k is the Boltzmann con-
stant, can describe the system. It ex-
presses in quantitative terms the
concept that entropy is a measure of
the disorder of a system. It was dis-
covered in the late 19th century by
Ludwig *Boltzmann while he was
studying statistical mechanics.

bomb calorimeter An apparatus
used for measuring heats of combus-
tion (e.g. calorific values of fuels and
foods). It consists of a strong con-
tainer in which the sample is sealed
with excess oxygen and ignited elec-
trically. The heat of combustion at
constant volume can be calculated
from the resulting rise in tempera-
ture.

bond See CHEMICAL BOND.

bond dissociation energy See
BOND ENERGY.

bond energy An amount of energy
associated with a bond in a chemical
compound. It is obtained from the
heat of atomization. For instance, in
methane the bond energy of the C-H
bond is one quarter of the enthalpy
of the process

CH,(g) — C(g) + 4H(g)
Bond energies (or bond enthalpies)
can be calculated from the standard
enthalpy of formation of the com-
pound and from the enthalpies of at-
omization of the elements. Energies

calculated in this way are called aver-
age bond energies or bond-energy
terms. They depend to some extent
on the molecule chosen; the C-H
bond energy in methane will differ
slightly from that in ethane. The
bond dissociation energy is a differ-
ent measurement, being the energy
required to break a particular bond;
e.g. the energy for the process:

CH,(g) — CH;+(g) + H-(g)

bond enthalpy See BOND ENERGY.
bonding orbital See ORBITAL

bond order A value indicating the
degree of bonding between two
atoms in a molecule relative to a sin-
gle bond. Bond orders are theoretical
values depending on the way the cal-
culation is done. For example, in
ethane the bond order of the carbon-
carbon bond is 1. In ethene, the bond
order is 2. In benzene the bond order
as calculated by molecular orbital
theory is 1.67.

bone black See CHARCOAL.

borane (boron hydride) Any of a
group of compounds of boron and
hydrogen, many of which can be pre-
pared by the action of acid on mag-
nesium boride (MgB,). Others are
made by pyrolysis of the products of
this reaction in the presence of hy-
drogen and other reagents. They are
all volatile, reactive, and oxidize
readily in air, some explosively so.
The boranes are a remarkable group
of compounds in that their structures
cannot be described using the con-
ventional two-electron covalent bond
model (see ELECTRON-DEFICIENT COM-
POUND). The simplest example is di-

Borane
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borane (B,Hy): see formula. Other bo-
ranes include B H;,, BsH,y, BsH; 4,
BgH,p, and B;oH,. The larger borane
molecules have open or closed poly-
hedra of boron atoms. In addition,
there is a wide range of borane deriv-
atives containing atoms of other el-
ements, such as carbon and
phosphorus. Borohydride ions of the
type BgHg?™ also exist. Boranes and
borohydride ions are classified ac-
cording to their structure. Those
with a complete polyhedron are said
to have a closo-structure. Those in
which the polyhedron is incomplete
by loss of one vertex have a nido-
structure (from the Greek for ‘nest’).
Those with open structures by re-
moval of two or more vertices have
an arachno structure (from the Greek
for ‘spider’). See also WADE’S RULES.

borate Any of a wide range of ionic
compounds that have negative ions
containing boron and oxygen (see
formulae). Lithium borate, for exam-
ple, contains the simple anion
B(OH),~. Most borates, however, are
inorganic polymers with rings,
chains, or other networks based on
the planar BO; group or the tetra-

NI NG
B B

0" HO—B

(BO,)"~as in CaB,0,

n

hedral BO5(OH) group. ‘Hydrated’ bo-
rates are ones containing -OH
groups; many examples occur natu-
rally. Anhydrous borates, which con-
tain BO; groups, can be made by
melting together boric acid and
metal oxides.

borax (disodium tetraborate-10-
water) A colourless monoclinic solid,
Na,B,0,.10H,0, soluble in water and
very slightly soluble in ethanol; mon-
oclinic; r.d. 1.73; loses 8H,0 at 75°C;
loses 10H,0 at 320°C. The formula
gives a misleading impression of the
structure. The compound contains
the ion [B,Os(OH),J?~ (see BORATE).
Attempts to recrystallize this com-
pound above 60.8°C yield the penta-
hydrate. The main sources are the
borate minerals kernite (Na,B,O,.
4H,0) and tincal (Na,B,0,.10H,0).
The ores are purified by carefully
controlled dissolution and recrystal-
lization. On treatment with mineral
acids borax gives boric acid.

Borax is a very important sub-
stance in the glass and ceramics in-
dustries as a raw material for making
borosilicates. It is also important as a
metallurgical flux because of the abil-

0 “B—OH
-
¢} o
- P

OH

[B,O4(OH), 1=

as in borax Na,B,0,10H,0

Borate



79

boride

ity of molten borates to dissolve
metal oxides. In solution it partially
hydrolyses to boric acid and can thus
act as a buffer. For this reason it is
used as a laundry pre-soak. It is used
medicinally as a mild alkaline anti-
septic and astringent for the skin and
mucous membranes.

Disodium tetraborate is the source
of many industrially important boron
compounds, such as barium borate
(fungicidal paints), zinc borate (fire-
retardant additive in plastics), and
boron phosphate (heterogeneous acid
catalyst in the petrochemicals indus-
try).
borax-bead test A simple labora-
tory test for certain metal ions in
salts. A small amount of the salt is
mixed with borax and a molten bead
formed on the end of a piece of plat-
inum wire. Certain metals can be
identified by the colour of the bead
produced in the oxidizing and reduc-
ing parts of a Bunsen flame. For ex-
ample, iron gives a bead that is red
when hot and yellow when cold in
the oxidizing flame and a green bead
in the reducing flame.

borazon See BORON NITRIDE.

Bordeaux mixture A mixture of
copper(Il) sulphate and calcium hy-
droxide in water, used as a fungicide.

boric acid Any of a number of
acids containing boron and oxygen.
Used without qualification the term
applies to the compound H;BO,
(which is also called orthoboric acid
or, technically, trioxoboric(lll) acid).
This is a white or colourless solid
that is soluble in water and ethanol;
triclinic; r.d. 1.435; m.p. 169°C. It oc-
curs naturally in the condensate
from volcanic steam vents (suffioni).
Commercially, it is made by treating
borate minerals (e.g. kernite,
Na,B,0,.4H,0) with sulphuric acid
followed by recrystallization.

In the solid there is considerable
hydrogen bonding between H;BO;
molecules resulting in a layer struc-
ture, which accounts for the easy
cleavage of the crystals. H;BO; mol-
ecules also exist in dilute solutions
but in more concentrated solutions
polymeric acids and ions are formed
(e.g. H4B,0,; pyroboric acid or
tetrahydroxomonoxodiboric(lll) acid).
The compound is a very weak acid
but also acts as a Lewis *acid in ac-
cepting hydroxide ions:

B(OH); + H,0 = B(OH),” + H*

If solid boric acid is heated it loses
water and transforms to another acid
at 300°C. This is given the formula
HBO, but is in fact a polymer
(HBO,),. It is called metaboric acid or,
technically, polydioxoboric(lll) acid.

Boric acid is used in the manufac-
ture of glass (borosilicate glass),
glazes and enamels, leather, paper,
adhesives, and explosives. It is widely
used (particularly in the USA) in de-
tergents, and because of the ability of
fused boric acid to dissolve other
metal oxides it is used as a flux in
brazing and welding. Because of its
mild antiseptic properties it is used
in the pharmaceutical industry and
as a food preservative.

boric anhydride See BorON(11I)
OXIDE.

boric oxide See BORON(III) OXIDE.

boride A compound of boron with
a metal. Most metals form at least
one boride of the type MB, MB,, MB,,
MBg, or MB;,. The compounds have a
variety of structures; in particular,
the hexaborides contain clusters of
Bg atoms. The borides are all hard
high-melting materials with metal-
like conductivity. They can be made
by direct combination of the el-
ements at high temperatures (over
2000°C) or, more usually, by high-
temperature reduction of a mixture
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of the metal oxide and boron oxide
using carbon or aluminium. Chemi-
cally, they are stable to nonoxidizing
acids but are attacked by strong oxi-
dizing agents and by strong alkalis.
Magnesium boride (MgB,) is unusual
in that it can be hydrolysed to bo-
ranes. Industrially, metal borides are
used as refractory materials. The
most important are CrB, CrB,, TiB,,
and ZnB,. Generally, they are fabri-
cated using high-temperature pow-
der metallurgy, in which the article
is produced in a graphite die at over
2000°C and at very high pressure.
Items are pressed as near to final
shape as possible as machining re-
quires diamond cutters and is ex-
tremely expensive.

Born, Max (1882-1970) German-
born British physicist who was
awarded the 1954 Nobel Prize for
physics (with W. Bothe) for his work
on statistical mechanics. With
*Heisenberg he also developed ma-
trix mechanics.

Born-Haber cycle A cycle of reac-
tions used for calculating the lattice
energies of ionic crystalline solids.
For a compound MX, the lattice en-
ergy is the enthalpy of the reaction
M(g) + X7(g) — M"X(s) AH,
The standard enthalpy of formation
of the ionic solid is the enthalpy of
the reaction
M(s) + ¥2X,(g) - M*X~(s) AH¢
The cycle involves equating this en-
thalpy (which can be measured) to
the sum of the enthalpies of a num-
ber of steps proceeding from the el-
ements to the ionic solid. The steps
are:
(1) Atomization of the metal:
M(s) - M(g) AH,
(2) Atomization of the nonmetal:
72X5(g) — X(g) AH,
(3) Ionization of the metal:

M(g) — M*(g) + e AH;
This is obtained from the ionization
potential.
(4) Ionization of the nonmetal:

X(g) +e — X(g) AH,

This is the electron affinity.

(5) Formation of the ionic solids:
M(g) + X~(g) » M"X(s) AHy,

Equating the enthalpies gives:
AH¢= AH, + AH, + AH; + AH, + AH;,

from which AH; can be found. It is

named after the German physicist

Max Born (1882-1970) and Fritz
*Haber.

bornite An important ore of copper
composed of a mixed copper-iron
sulphide, CusFeS,. Freshly exposed
surfaces of the mineral are a metallic
reddish-brown but a purplish irides-
cent tarnish soon develops - hence it
is popularly known as peacock ore.
Bornite is mined in Chile, Peru, Bo-
livia, Mexico, and the USA.

Born-Oppenheimer approxima-
tion An *adiabatic approximation
used in molecular and solid-state
physics in which the motion of
atomic nuclei is taken to be so much
slower than the motion of electrons
that, when calculating the motions
of electrons, the nuclei can be taken
to be in fixed positions. This approxi-
mation was justified using perturba-
tion theory by Max Born and the US
physicist Julius Robert Oppenheimer
(1904-67) in 1927.

borohydride ions See BORANE.

boron Symbol B. An element of
*group 13 (formerly IIIB) of the peri-
odic table; a.n. 5; r.a.m. 10.81; r.d.
2.34-2.37 (amorphous); m.p. 2300°C;
b.p. 2550°C. It forms two allotropes;
amorphous boron is a brown powder
but metallic boron is black. The
metallic form is very hard (9.3 on
Mohs’ scale) and is a poor electrical
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conductor at room temperature. At
least three crystalline forms are pos-
sible; two are rhombohedral and the
other tetragonal. The element is
never found free in nature. It occurs
as orthoboric acid in volcanic springs
in Tuscany, as borates in kernite
(Na,B,0,.4H,0), and as colemanite
(CayBg041.5H,0) in California. Sam-
ples usually contain isotopes in the
ratio of 19.78% boron-10 to 80.22%
boron-11. Extraction is achieved by
vapour-phase reduction of boron
trichloride with hydrogen on electri-
cally heated filaments. Amorphous
boron can be obtained by reducing
the trioxide with magnesium pow-
der. Boron when heated reacts with
oxygen, halogens, oxidizing acids,
and hot alkalis. It is used in semicon-
ductors and in filaments for special-
ized aerospace applications.
Amorphous boron is used in flares,
giving a green coloration. The iso-
tope boron-10 is used in nuclear re-
actor control rods and shields. The
element was discovered in 1808 by
Sir Humphry *Davy and by J. L. *Gay-
Lussac and L. J. Thenard.

[ @) see wes Links J
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boron carbide A black solid, B,C,
soluble only in fused alkali; it is ex-
tremely hard, over 972 on Mohs’
scale; thombohedral; r.d. 2.52; m.p.
2350°C; b.p. >3500°C. Boron carbide
is manufactured by the reduction of
boric oxide with petroleum coke in
an electric furnace. It is used largely
as an abrasive, but objects can also
be fabricated using high-temperature
powder metallurgy. Boron nitride is
also used as a neutron absorber be-
cause of its high proportion of
boron-10.

boron hydride See BORANE.

boron nitride A solid, BN, insolu-
ble in cold water and slowly decom-

posed by hot water; r.d. 2.25 (hexago-
nal); sublimes above 3000°C. Boron
nitride is manufactured by heating
boron oxide to 800°C on an acid-solu-
ble carrier, such as calcium phos-
phate, in the presence of nitrogen or
ammonia. It is isoelectronic with car-
bon and, like carbon, it has a very
hard cubic form (borazon) and a
softer hexagonal form; unlike
graphite this is a nonconductor. It is
used in the electrical industries
where its high thermal conductivity
and high resistance are of especial
value.

boron(lll) oxide (boric anhydride;
boric oxide; diboron trioxide) A
glassy solid, B,0s3, that gradually ab-
sorbs water to form boric acid. It has
some amphoteric characteristics and
forms various salts.

boron trichloride A colourless
fuming liquid, BCl;, which reacts
with water to give hydrogen chloride
and boric acid; r.d. 1.349; m.p.
-107°C; b.p. 12.5°C. Boron trichloride
is prepared industrially by the
exothermic chlorination of boron
carbide at above 700°C, followed by
fractional distillation. An alternative,
but more expensive, laboratory
method is the reaction of dry chlo-
rine with boron at high temperature.
Boron trichloride is a Lewis *acid,
forming stable addition compounds
with such donors as ammonia and
the amines and is used in the labora-
tory to promote reactions that liber-
ate these donors. The compound is
important industrially as a source of
pure boron (reduction with hydro-
gen) for the electronics industry. It is
also used for the preparation of bo-
ranes by reaction with metal hy-
drides.

borosilicate Any of a large number
of substances in which BO; and SiO,
units are linked to form networks
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with a wide range of structures.
Borosilicate glasses are particularly
important; the addition of boron to
the silicate network enables the glass
to be fused at lower temperatures
than pure silica and also extends the
plastic range of the glass. Thus such
glasses as Pyrex have a wider range
of applications than soda glasses (nar-
row plastic range, higher thermal ex-
pansion) or silica (much higher
melting point). Borosilicates are also
used in glazes and enamels and in
the production of glass wools.

Bosch process See HABER PROCESS.

Bose-Einstein statistics Sce
QUANTUM STATISTICS.

boson A particle or system that
obeys Bose-Einstein statistics (see
QUANTUM STATISTICS). Combining
quantum mechanics with special rel-
ativity theory gives a result that a
boson has to have an integer spin. A
*photon is an example of a boson.

bottled gas Gas supplied under
pressure in metal cylinders. The term
includes pressurized gas (e.g. oxygen
and nitrogen cylinders) and gases
liquefied under pressure (e.g. liquid
butane for use as a fuel). Colour con-
ventions are used to identify the type
of gas or, in some cases, the specific
gas. The colour indicating the con-
tents is that of the shoulder of the
cylinder at the top. The convention is
not international, and practice differs
in different countries. In the UK, the
convention is:

Yellow for toxic or corrosive gases
Red for flammable gases

Light blue for oxidizing gases
Maroon for acetylene

Dark green for argon

Grey for carbon dioxide

Brown for helium

Blue for nitrous oxide

Black for nitrogen

White for oxygen

¢ Information on colour coding of gas
containers

bound state A system in which
two (or more) parts are bound to-
gether in such a way that energy is
required to split them. An example
of'a bound state is a *molecule
formed from two (or more) *atoms.

bowsprit See RING CONFORMATIONS.

Boyle, Robert (1627-91) English
chemist and physicist, born in Ire-
land. After moving to Oxford in 1654
he worked on gases, using an air
pump made by Robert Hooke. In
1662 he discovered *Boyle’s law. In
chemistry he worked on *flame tests
and acid-base *indicators. Boyle is
generally regarded as the person who
established chemistry as a modern
subject, distinct from alchemy. He
was the first to give a definition of a
chemical element.

Boyle’s law The volume (V) of a
given mass of gas at a constant tem-
perature is inversely proportional to
its pressure (p), i.e. pV = constant.
This is true only for an *ideal gas.
This law was discovered in 1662 by
Robert *Boyle. On the continent of
Europe it is known as Mariotte’s law
after E. Mariotte (1620-84), who dis-
covered it independently in 1676. See
also GAS LAWS.

Brackett series Se¢ HYDROGEN
SPECTRUM.

Bragg, Sir William Henry
(1862-1942) British physicist, who
with his son Sir William Lawrence
Bragg (1890-1971), was awarded the
1915 Nobel Prize for physics for their
pioneering work on X-ray crystallog-
raphy. He also constructed an X-ray
spectrometer for measuring the
wavelengths of X-rays. In the 1920s,
while director of the Royal Institu-



83

brighteners

tion in London, he initiated X-ray dif-
fraction studies of organic molecules.

Bragg peak A peak in the scatter-
ing pattern in X-ray diffraction of a
crystal. The intensity of Bragg peaks
is proportional to the square of the
number of the scatterers. If X-ray
scattering from a solid produces
Bragg peaks this indicates that the
solid has long-range order. Bragg
peaks are named after Sir William
Lawrence *Bragg, who discovered
them in 1912. The scattering of X-
rays from a set of planes in a crystal
that gives rise to Bragg peaks is
called Bragg scattering.

Bragg’s law When a beam of X-
rays (wavelength A) strikes a crystal
surface in which the layers of atoms
or ions are separated by a distance d,
the maximum intensity of the
reflected ray occurs when sinf =
nA[2d, where 6 (known as the Bragg
angle) is the complement of the
angle of incidence and n is an inte-
ger. The law enables the structure of
many crystals to be determined. It
was discovered in 1912 by Sir
William Lawrence Bragg.

branched chain See cHAIN.

brass A group of alloys consisting
of copper and zinc. A typical yellow
brass might contain about 67% cop-
per and 33% zinc.

Bravais lattice An infinite array of
lattice points. A Bravais lattice can
have only fourteen space groups di-
vided into seven crystal systems. It is
named after Auguste Bravais
(1811-63).

Bremsstrahlung (German: braking
radiation) The *X-rays emitted when
a charged particle, especially a fast
electron, is rapidly slowed down, as
when it passes through the electric
field around an atomic nucleus. The
X-rays cover a whole continuous

range of wavelengths down to a min-
imum value, which depends on the
energy of the incident particles.
Bremsstrahlung are produced by a
metal target when it is bombarded
by electrons.

brewing The process by which
beer is made. Fermentation of sugars
from barley grain by the yeasts Sac-
charomyces cerevisiae and S. uvarum (or
S. carlsbergenesis) produces alcohol. In
the first stage the barley grain is
soaked in water, a process known as
malting. The grain is then allowed to
germinate and the natural enzymes
of the grain (the amylases and the
maltases) convert the starch to mal-
tose and then to glucose. The next
stage is kilning or roasting, in which
the grains are dried and crushed. The
colour of a beer depends on the tem-
perature used for this process: the
higher the temperature, the darker
the beer. In the next stage, mashing,
the crushed grain is added to water
at a specific temperature and any re-
maining starch is converted to sugar;
the resultant liquid is the raw ma-
terial of brewing, called wort. The
yeast is then added to the wort to
convert the sugar to alcohol, fol-
lowed by hops, which give beer its
characteristic flavour. Hops are the
female flowers of the vine Humulus
lupulus; they contain resins (humu-
lones, cohumulones, and adhumu-
lones) that give beer its distinctive
bitter taste.

bridge An atom or group joining
two other atoms in a molecule. See
ALUMINIUM CHLORIDE; BORANE.

brighteners Substances added to
detergents or used to treat textiles or
paper in order to brighten the
colours or, particularly, to enhance
whiteness. Blueing agents are used in
laundries to give a slight blue cast to
white material in order to counteract
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yellowing. Fluorescent brighteners
are compounds that absorb visible or
ultraviolet radiation and fluoresce in
the blue region of the optical spec-
trum.

Brillouin zone A cell in a recipro-
cal lattice. The first Brillouin zone is
the cell of smallest volume enclosed
by those planes that are perpendicu-
lar bisectors of reciprocal lattice vec-
tors. Higher Brillouin zones also
exist. Brillouin zones are used in the
theory of energy levels in a periodic
potential, as in a crystal. They are
named after the French physicist
Léon Brillouin (1889-1969), who in-
troduced them into the theory of
crystals in 1930.

Brinell hardness A scale for meas-
uring the hardness of metals intro-
duced around 1900 by the Swedish
metallurgist Johann Brinell (1849-
1925). A small chromium-steel ball is
pressed into the surface of the metal
by a load of known weight. The ratio
of the mass of the load in kilograms
to the area of the depression formed
in square millimetres is the Brinell
number.

Brin process A process formerly
used for making oxygen by heating
barium oxide in air to form the per-
oxide and then heating the peroxide
at higher temperature (>800°C) to
produce oxygen

2Ba0, — 2Ba0 + O,

Britannia metal A silvery alloy
consisting of 80-90% tin, 5-15% anti-
mony, and sometimes small percent-
ages of copper, lead, and zinc. It is
used in bearings and some domestic
articles.

British thermal unit (Btu) The Im-
perial unit of heat, being originally
the heat required to raise the tem-
perature of 11b of water by 1°F. 1 Btu
is now defined as 1055.06 joules.

bromate A salt or ester of a bromic
acid.

bromic(l) acid (hypobromous acid)
A yellow liquid, HBrO. It is a weak
acid but a strong oxidizing agent.

bromic(V) acid A colourless liquid,
HBrO,;, made by adding sulphuric
acid to barium bromate. It is a strong
acid.

bromide See HALIDE.

bromination A chemical reaction
in which a bromine atom is intro-
duced into a molecule. See also HALO-
GENATION.

bromine Symbol Br. A *halogen el-
ement; a.n. 35; r.a.m. 79.909; r.d.
3.13; m.p. -7.2°C; b.p. 58.78°C. It is a
red volatile liquid at room tempera-
ture, having a red-brown vapour.
Bromine is obtained from brines in
the USA (displacement with chlo-
rine); a small amount is obtained
from sea water in Anglesey. Large
quantities are used to make 1,2-di-
bromoethane as a petrol additive. It
is also used in the manufacture of
many other compounds. Chemically,
it is intermediate in reactivity be-
tween chlorine and iodine. It forms
compounds in which it has oxidation
states of 1, 3, 5, or 7. The liquid is
harmful to human tissue and the
vapour irritates the eyes and throat.
The element was discovered in 1826
by Antoine Balard.

[ @) see wes Links J

¢ Information from the WebElements site
bromoethane (ethyl bromide) A
colourless flammable liquid, C,HsBr;
r.d. 1.46; m.p. -119°C; b.p. 38.4°C. It
is a typical *haloalkane, which can
be prepared from ethene and hydro-
gen bromide. Bromoethane is used as
a refrigerant.

bromoform See
TRIBROMOMETHANE; HALOFORMS.
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bromomethane (methyl bromide)
A colourless volatile nonflammable
liquid, CH;Br; r.d. 1.68; m.p. -93°C;
b.p. 3.56°C. It is a typical *halo-
alkane.

N-bromosuccinimide (NBS) A
crystalline solid, C,O,NBr, used ex-
tensively as a reagent for elec-
trophilic addition of bromine. It acts
by producing a small constant supply
of bromine in solution

C,O,NBr + H* + Br- — C,O,NH +

Br,.

N-bromosuccinimide

bromothymol blue An acid-base
*indicator that is yellow in acid solu-
tions and blue in alkaline solutions.
It changes colour over the pH range
6-8.

Brgnsted, Johannes Nicolaus
(1879-1947) Danish physical chemist.
He worked on thermochemistry and
electrochemistry and is best known
for the Lowry-Brensted theory of
*acids and bases, which he proposed
(independently of Lowry) in 1923.

Brgnsted acid See AcID.
Brgnsted base See AcID.

bronze Any of a group of alloys of
copper and tin, sometimes with lead
and zinc present. The amount of tin
varies from 1% to 30%. The alloy is
hard and easily cast and extensively
used in bearings, valves, and other
machine parts. Various improved
bronzes are produced by adding
other elements; for instance, phos-
phor bronzes contain up to 1% phos-
phorus. In addition certain alloys of

copper and metals other than tin are
called bronzes - aluminium bronze is
a mixture of copper and aluminium.
Other special bronzes include *bell
metal, *gun metal, and *beryllium
bronze.

Brownian movement The contin-
uous random movement of micro-
scopic solid particles (of about 1
micrometre in diameter) when sus-
pended in a fluid medium. First ob-
served by the British botanist Robert
Brown (1773-1858) in 1827 when
studying pollen particles, it was origi-
nally thought to be the manifestation
of some vital force. It was later recog-
nized to be a consequence of bom-
bardment of the particles by the
continually moving molecules of the
liquid. The smaller the particles the
more extensive is the motion. The ef-
fect is also visible in particles of
smoke suspended in a still gas.

[ @) sz wes ks ]

e Robert Brown’s original paper

e Jean Perrin’s paper

brown-ring test A test for ionic ni-
trates. The sample is dissolved and
iron(Il) sulphate solution added in a
test tube. Concentrated sulphuric
acid is then added slowly so that it
forms a separate layer. A brown ring
(of Fe(NO)SO,) at the junction of the
liquids indicates a positive result.

brucite A mineral form of *magne-
sium hydroxide, Mg(OH),.

brusselator A type of chemical re-
action mechanism that leads to an
*oscillating reaction. It involves the
conversion of reactants A and B into
products C and B by a series of four
steps:

A—-X

2X+Y — 3Y
B+X—>Y+C
X—>D
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Autocatalysis occurs as in the
*Lotka-Volterra mechanism and the
*oregonator. If the concentrations of
A and B are maintained constant, the
concentrations of X and Y oscillate
with time. A graph of the concentra-
tion of X against that of Y is a closed
loop (the limit cycle of the reaction).
The reaction settles down to this
limit cycle whatever the initial con-
centrations of X and Y, i.e. the limit
cycle is an *attractor for the system.
The reaction mechanism is named
after the city of Brussels, where the
research group that discovered it is
based.

Buchner funnel A type of funnel
with an internal perforated tray on
which a flat circular filter paper can
be placed, used for filtering by suc-
tion. It is named after the German
chemist Eduard Buchner (1860-
1917).

buckminsterfullerene A form of
carbon composed of clusters of 60
carbon atoms bonded together in a
polyhedral structure composed of
pentagons and hexagons (see illustra-
tion). Originally it was identified in
1985 in products obtained by firing a
high-power laser at a graphite target.
It can be made by an electric arc
struck between graphite electrodes
in an inert atmosphere. The mol-
ecule, Cgy, was named after the US
architect Richard Buckminster Fuller
(1895-1983) because of the resem-
blance of the structure to the geo-
desic dome, which Fuller invented.
The molecules are informally called
buckyballs; more formally, the sub-
stance itself is also called fullerene.
The substance is a yellow crystalline
solid (fullerite), soluble in benzene.
Various fullerene derivatives are
known in which organic groups are
attached to carbon atoms on the
sphere. In addition, it is possible to
produce novel enclosure compounds

by trapping metal ions within the Cg,
cage. Some of these have semicon-
ducting properties. The electric-arc
method of producing Cg, also leads
to a smaller number of fullerenes
such as C,,, which have less symmet-
rical molecular structures. It is also
possible to produce forms of carbon
in which the atoms are linked in a
cylindrical, rather than spherical,
framework with a diameter of a few
nanometres. They are known as
buckytubes (or nanotubes).
[ @) see wes uncs ]
¢ Information about IUPAC nomenclature
and representation of fullerenes and
related compounds

Buckminsterfullerene

buckyball See BUCKMINSTER-
FULLERENE.

buckytube See BUCKMINSTER-
FULLERENE.

buffer A solution that resists
change in pH when small amounts of
an acid or alkali are added over a cer-
tain range or when the solution is di-
luted. Acidic buffers consist of a
weak acid with a salt of the acid. The
salt provides the negative ion A-,
which is the conjugate base of the
acid HA. An example is carbonic acid
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and sodium hydrogencarbonate.
Basic buffers have a weak base and
a salt of the base (to provide the
conjugate acid). An example is am-
monia solution with ammonium
chloride.

In an acidic buffer, for example,
molecules HA and ions A~ are pre-
sent. When acid is added most of the
extra protons are removed by the
base:

A-+H* - HA
When base is added, most of the
extra hydroxide ions are removed by
reaction with undissociated acid:

OH-+HA —» A-+ H,0
Thus, the addition of acid or base
changes the pH very little. The hy-
drogen-ion concentration in a buffer
is given by the expression

K, = [H'] = [A7]/[HA]

i.e. it depends on the ratio of conju-
gate base to acid. As this is not al-
tered by dilution, the hydrogen-ion
concentration for a buffer does not
change much during dilution.

In the laboratory, buffers are used
to prepare solutions of known stable
pH. Natural buffers occur in living or-
ganisms, where the biochemical re-
actions are very sensitive to change
in pH. The main natural buffers are
H,CO5/HCO;™ and H,PO,/HPO %
Buffer solutions are also used in
medicine (e.g. in intravenous injec-
tions), in agriculture, and in many
industrial processes (e.g. dyeing,
fermentation processes, and the
food industry).

bumping Violent boiling of a liquid
caused by superheating so that bub-
bles form at a pressure above atmos-
pheric pressure. It can be prevented
by putting pieces of porous pot in
the liquid to enable bubbles of
vapour to form at the normal boil-
ing point.

buna rubber A type of synthetic
rubber based in polymerization of
butadiene (buta-1,3-diene). The name
comes from Bu (for butadiene) and
Na (for sodium, which was used as a
catalyst in the original polymeriza-
tion reaction). An improved form,
known as Buna-S was developed by
copolymerizing butadiene with
styrene. In 1934, Buna-N was in-
vented, in which the styrene was re-
placed by acrylonitrile, giving a
product with better oil resistance (see
NITRILE RUBBER).

Bunsen, Robert Wilhelm
(1811-99) German chemist, who held
professorships at Kassel, Marburg,
and Heidelberg. His early researches
on arsenic-containing compounds
cost him an eye in an explosion. He
then turned to gas analysis and spec-
troscopy, enabling him and *Kirch-
hoff to discover the elements
*caesium (1860) and *rubidium
(1861). He also popularized the use of
the *Bunsen burner and developed
the *Bunsen cell.

Bunsen burner A laboratory gas
burner having a vertical metal tube
into which the gas is led, with a hole
in the side of the base of the tube to
admit air. The amount of air can be
regulated by a sleeve on the tube.
When no air is admitted the flame is
luminous and smoky. With air, it has
a faintly visible hot outer part (the
oxidizing part) and an inner blue
cone where combustion is incom-
plete (the cooler reducing part of the
flame). The device is named after
Robert *Bunsen, who used a similar
device (without a regulating sleeve)
in 1855.

Bunsen cell A *primary cell de-
vised by Robert *Bunsen consisting
of a zinc cathode immersed in dilute
sulphuric acid and a carbon anode
immersed in concentrated nitric acid.
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The electrolytes are separated by a
porous pot. The cell gives an e.m.f. of
about 1.9 volts.

burette A graduated glass tube
with a tap at one end leading to a
fine outlet tube, used for delivering
known volumes of a liquid (e.g. in
titration).

buta-1,3-diene (butadiene) A
colourless gaseous hydrocarbon,
CH,:CHCH:CH,; m.p. -109°C; b.p.
-4.5°C. It is made by catalytic dehy-
drogenation of butane (from petro-
leum or natural gas) and polymerized
in the production of synthetic rub-
bers. The compound is a conjugated
*diene in which the electrons in the
pi orbitals are partially delocalized
over the whole molecule. It can have
trans and cis forms, the latter taking
part in *Diels-Alder reactions.

butanal (butyraldehyde) A colour-
less flammable liquid aldehyde,
C;H,CHO; r.d. 0.8; m.p. -99°C; b.p.
75.7°C.

butane A gaseous hydrocarbon,
C,H,o; d. 0.58 g cm3; m.p. -138°C;
b.p. 0°C. Butane is obtained from
petroleum (from refinery gas or

by cracking higher hydrocarbons).
The fourth member of the *alkane
series, it has a straight chain of
carbon atoms and is isomeric with
2-methylpropane (CH;CH(CH;)CHs;,
formerly called isobutane). It can eas-
ily be liquefied under pressure and is
supplied in cylinders for use as a fuel
gas. It is also a raw material for mak-
ing buta-1,3-diene (for synthetic rub-
ber).

butanedioic acid (succinic acid) A
colourless crystalline fatty acid,
(CH,),(COOH),; r.d. 1.6; m.p. 185°C;
b.p. 235°C. A weak carboxylic acid, it
is produced by fermentation of sugar
or ammonium tartrate and used as a
sequestrant and in making dyes. It

occurs in living organisms as an in-
termediate in metabolism, especially
in the *Krebs cycle.

OH
H, /&
o) c
¢ (o)
H2
OH

Butanedioic acid

butanoic acid (butyric acid) A
colourless liquid water-soluble acid,
C3H,COOH; r.d. 0.96; b.p. 163°C. It is
a weak acid (K, = 1.5 x 10> mol dm
at 25°C) with a rancid odour. Its es-
ters are present in butter and in
human perspiration. The acid is used
to make esters for flavourings and
perfumery.

butanol Either of two aliphatic
alcohols with the formula C,H,OH.
Butan-1-ol, CH;(CH,);0H, is a
primary alcohol; r.d. 0.81; m.p.
-89.5°C; b.p. 117.3°C. Butan-2-ol,
CH;CH(OH)C,Hs, is a secondary al-
cohol; r.d. 0.81; m.p. -114.7°C; b.p.
100°C. Both are colourless volatile
liquids obtained from butane and are
used as solvents.

butanone (methyl ethyl ketone) A
colourless flammable water-soluble
liquid, CH;COC,Hjs; r.d. 0.8; m.p.
-86.4°C; b.p. 79.6°C. It can be made
by the catalytic oxidation of butane
and is used as a solvent.

butene (butylene) Either of two
isomers with the formula C,Hg:
1-butene (CH;CH,CH:CH,), which is
made by passing 1-butanol vapour
over heated alumina, and but-2-ene
(CH3;CH:CHCHj3;), which is made by
heating 2-butanol with sulphuric
acid. They are unpleasant-smelling
gases used in the manufacture of
polymers. The isomer 2-methyl-
propane ((CH;),C:CH,) was formerly
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called isobutene or isobutylene. See
ALKENES.

butenedioic acid Either of

two isomers with the formula
HCOOHC:CHCOOH. Both com-
pounds can be regarded as deriva-
tives of ethene in which a hydrogen
atom on each carbon has been re-
placed by a -COOH group. The com-
pounds show cis-trans isomerism.
The trans form is fumaric acid (r.d.
1.64; sublimes at 165°C) and the cis
form is maleic acid (r.d. 1.59; m.p.
139-140°C). Both are colourless crys-
talline compounds used in making
synthetic resins. The cis form is
rather less stable than the trans form
and converts to the trans form at
120°C. Unlike the trans form it can
eliminate water on heating to form a
cyclic anhydride containing a
-C0.0.CO- group (maleic anhydride).
Fumaric acid is an intermediate in
the *Krebs cycle.

HOOC H HOOC H

HOOC H H COOH
cis-butenedioic acid trans-butenedioic acid
(maleic acid) (fumaric acid)

Butenedioic acid

Butler-Volmer equation An
equation for the rate of an electro-
chemical reaction; it describes the
current density at an electrode in
terms of the overpotential. The But-
ler-Volmer equation is given by:
j:ja _jc :je[exp(l - OC)Fn/RT -
exp(- oF[RT,
where j, and j. are the individual
cathode and anode currents respec-
tively, and j. is the equilibrium cur-
rent, called the exchange current
density. By definition

jE =jce =jae!
where j. is the equilibrium cathode
current and j,. is the equilibrium
anode current. Fis the Faraday con-
stant, 1 is the overpotential, R is the
gas constant, T is the thermodynamic
temperature, and o is a quantity
called the *transfer coefficient.

butterfly effect Sce craos.
butylene See BUTENE.

butyl group The organic group
CH;5(CH,)5-.

butyl rubber A type of synthetic
rubber obtained by copolymerizing
2-methylpropene (CH,:C(CH;)CHs;
isobutylene) and methylbuta-1,3-
diene (CH,:C(CH;)CH:CH,, isoprene).
Only small amounts of isoprene
(about 2 mole %) are used. The rub-
ber can be vulcanized. Large
amounts were once used for tyre
inner tubes.

butyraldehyde See BUTANAL.
butyric acid See BUTANOIC ACID.

by-product A compound formed
during a chemical reaction at the
same time as the main product. Com-
mercially useful by-products are ob-
tained from a number of industrial
processes. For example, calcium chlo-
ride is a by-product of the *Solvay
process for making sodium carbon-
ate. Propanone is a by-product in the
manufacture of *phenol.

BZ See BENZOYLECGONINE.

B-Z reaction (Belousov-Zhabotin-
skii reaction) A chemical reaction
that shows a periodic colour change
between magenta and blue with a pe-
riod of about one minute. It occurs
with a mixture of sulphuric acid,
potassium bromate(V), cerium sul-
phate, and propanedioic acid. The
colour change is caused by alternat-
ing oxidation-reductions in which
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cerium changes its oxidation state
(Ce3* gives a magenta solution while
Ce** gives a blue solution). The B-Z
reaction is an example of a chemical
*oscillating reaction - a reaction in

which there is a regular periodic
change in the concentration of one
or more reactants. The mechanism is
highly complicated, involving a large
number of steps. See BRUSSELATOR.



cacodyl An oily liquid,
(CH;),AsAs(CHy),. It has a characteris-
tic odour of garlick and is poisonous.
Cacodyl was one of the first organo-
metallic compounds to be synthe-
sized (by heating arsenic with
potassium acetate). The group
(CHj;),As- is the cacodyl group.

cadmium Symbol Cd. A soft bluish
metal belonging to *group 12 (for-
merly IIB) of the periodic table; a.n.
48; r.am. 112.41; r.d. 8.65; m.p.
320.9°C; b.p. 765°C. The element’s
name is derived from the ancient
name for calamine, zinc carbonate
ZnCOs;, and it is usually found associ-
ated with zinc ores, such as spha-
lerite (ZnS), but does occur as the
mineral greenockite (CdS). Cadmium
is usually produced as an associate
product when zinc, copper, and lead
ores are reduced. Cadmium is used in
low-melting-point alloys to make sol-
ders, in Ni-Cd batteries, in bearing
alloys, and in electroplating (over
50%). Cadmium compounds are used
as phosphorescent coatings in TV
tubes. Cadmium and its compounds
are extremely toxic at low concentra-
tions; great care is essential where
solders are used or where fumes are
emitted. It has similar chemical prop-
erties to zinc but shows a greater ten-
dency towards complex formation.
The element was discovered in 1817
by F. Stromeyer.

[ &) see wes Links J
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cadmium cell See WESTON CELL.

cadmium sulphide A water-
insoluble compound, CdS; r.d. 4.82.
It occurs naturally as the mineral

greenockite and is used as a pigment
and in semiconductors and fluores-
cent materials.

caesium Symbol Cs. A soft silvery-
white metallic element belonging to
*group 1 (formerly IA) of the periodic
table; a.n. 55; r.a.m. 132.905; r.d.
1.88; m.p. 28.4°C; b.p. 678°C. It oc-
curs in small amounts in a number
of minerals, the main source being
carnallite (KCL.MgCl,.6H,0). It is ob-
tained by electrolysis of molten cae-
sium cyanide. The natural isotope is
caesium-133. There are 15 other
radioactive isotopes. Caesium-137
(half-life 33 years) is used as a gamma
source. As the heaviest alkali metal,
caesium has the lowest ionization po-
tential of all elements, hence its use
in photoelectric cells, etc.

[ @) see wes Links ]

¢ Information from the WebElements site
caesium chloride structure A
type of ionic crystal structure in
which the anions are at the eight cor-
ners of a cubic unit cell with one
cation at the centre of the cell. It can
equivalently by described as cations
at the corners of the cell with an
anion at the centre. Each type of ion
has a coordination number of 8. Ex-
amples of compounds with this
structure are CsCl, CsBr, CsI, CsCN,
CuZn, and NH,CL

caesium clock An *atomic clock
that depends on the energy differ-
ence between two states of the cae-
sium-133 nucleus when it is in a
magnetic field. In one type, atoms of
caesium-133 are irradiated with
radio-frequency radiation, whose fre-
quency is chosen to correspond to
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the energy difference between the
two states. Some caesium nuclei ab-
sorb this radiation and are excited to
the higher state. These atoms are
deflected by a further magnetic field,
which causes them to hit a detector.
A signal from this detector is fed
back to the radio-frequency oscillator
to prevent it drifting from the reso-
nant frequency of 9 192 631 770
hertz. In this way the device is locked
to this frequency with an accuracy
better than 1 part in 10'3. The cae-
sium clock is used in the *SI unit
definition of the second.

caffeine (1,3,7-trimethylxanthine)
An alkaloid, CgH;(N,O,; m.p. 235°C;
sublimes at 176°C. It is a stimulant
and diuretic and is present in cof-
fee, tea, and some soft drinks. See
METHYLXANTHINES.

cage compound See CLATHRATE.

cage effect An effect occurring in
certain condensed-phase reactions in
which fragments are formed and
their diffusion is hindered by a sur-
rounding ‘cage’ of molecules. The ini-
tial fragments are consequently more
likely to recombine or to react to-
gether to form new products.

Cahn-Ingold-Prelog system See
CIP SYSTEM.

calamine A mineral form of zinc
carbonate, ZnCO; (smithsonite), al-
though in the USA the same name is
given to a hydrated zinc silicate
(hemimorphite). The calamine used
medicinally in lotions for treating
sunburn and other skin conditions is
basic zinc carbonate coloured pink
with a trace of iron(III) oxide.

calcination The formation of a cal-
cium carbonate deposit from hard
water. See HARDNESS OF WATER.

calcinite A mineral form of *potas-
sium hydrogencarbonate, KHCO;.

calcite One of the most common
and widespread minerals, consisting
of crystalline calcium carbonate,
CaCOs. Calcite crystallizes in the
rhombohedral system; it is usually
colourless or white and has a hard-
ness of 3 on the Mohs’ scale. It has
the property of double refraction,
which is apparent in Iceland spar -
the transparent variety of calcite. It is
an important rock-forming mineral
and is a major constituent in lime-
stones, marbles, and carbonatites.

calcium Symbol Ca. A soft grey
metallic element belonging to
*group 2 (formerly IIA) of the peri-
odic table; a.n. 20; r.a.m. 40.08; r.d.
1.54; m.p. 839°C; b.p. 1484°C. Cal-
cium compounds are common in the
earth’s crust; e.g. limestone and mar-
ble (CaCOs3), gypsum (CaSO,4.2H,0),
and fluorite (CaF,). The element is ex-
tracted by electrolysis of fused cal-
cium chloride and is used as a getter
in vacuum systems and a deoxidizer
in producing nonferrous alloys. It is
also used as a reducing agent in the
extraction of such metals as thorium,
zirconium, and uranium.

Calcium is an essential element for
living organisms, being required for
normal growth and development. In
animals it is an important con-
stituent of bones and teeth and is
present in the blood, being required
for muscle contraction and other
metabolic processes. In plants it is a
constituent (in the form of calcium
pectate) of the middle lamella.

(@) see wes s J
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calcium acetylide See carcium pI-
CARBIDE.

calcium bicarbonate See carLcium
HYDROGENCARBONATE.

calcium carbide See caLcium DI-
CARBIDE.
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calcium hydrogencarbonate

calcium carbonate A white solid,
CaCOsg, which is only sparingly solu-
ble in water. Calcium carbonate
decomposes on heating to give *cal-
cium oxide (quicklime) and carbon
dioxide. It occurs naturally as the
minerals *calcite (rhombohedral; r.d.
2.71) and *aragonite (rhombic; r.d.
2.93). Rocks containing calcium car-
bonate dissolve slowly in acidified
rainwater (containing dissolved CO,)
to cause temporary hardness. In the
laboratory, calcium carbonate is pre-
cipitated from *limewater by carbon
dioxide. Calcium carbonate is used in
making lime (calcium oxide) and is
the main raw material for the
*Solvay process.

calcium chloride A white deli-
quescent compound, CaCl,, which is
soluble in water; r.d. 2.15; m.p.
782°C; b.p. >1600°C. There are a
number of hydrated forms, including
the monohydrate, CaCl,.H,0, the di-
hydrate, CaCl,.2H,0 (r.d. 0.84), and
the hexahydrate, CaCl,.6H,0 (trigo-
nal; r.d. 1.71; the hexahydrate loses
4H,0 at 30°C and the remaining
2H,0 at 200°C). Large quantities of it
are formed as a byproduct of the
*Solvay process and it can be pre-
pared by dissolving calcium carbon-
ate or calcium oxide in hydrochloric
acid. Crystals of the anhydrous salt
can only be obtained if the hydrated
salt is heated in a stream of hydrogen
chloride. Solid calcium chloride is
used in mines and on roads to reduce
dust problems, whilst the molten salt
is the electrolyte in the extraction of
calcium. An aqueous solution of cal-
cium chloride is used in refrigeration
plants.

calcium cyanamide A colourless
solid, CaCN,, which sublimes at
1300°C. It is prepared by heating cal-
cium dicarbide at 800°C in a stream
of nitrogen:

CaCy(s) + Ny(g) — CaCNy(s) + C(s)

The reaction has been used as a
method of fixing nitrogen in coun-
tries in which cheap electricity is
available to make the calcium dicar-
bide (the cyanamide process). Cal-
cium cyanamide can be used as a
fertilizer because it reacts with water
to give ammonia and calcium car-
bonate:

CaCNy(s) + 3H,0(1) — CaCOs(s) +

2NHs(g)
It is also used in the production of
melamine, urea, and certain cyanide
salts.

calcium dicarbide (calcium
acetylide; calcium carbide; carbide) A
colourless solid compound, CaC,;
tetragonal; r.d. 2.22; m.p. 450°C; b.p.
2300°C. In countries in which elec-
tricity is cheap it is manufactured by
heating calcium oxide with either
coke or ethyne at temperatures
above 2000°C in an electric arc fur-
nace. The crystals consist of Ca?* and
C,” ions arranged in a similar way to
the ions in sodium chloride. When
water is added to calcium dicarbide,
the important organic raw material
ethyne (acetylene) is produced:

CaC,(s) + 2H,0(1) — Ca(OH),(s) +
C,Ha(g)

calcium fluoride A white crys-
talline solid, CaF,; r.d. 3.2; m.p.
1360°C; b.p. 2500°C. It occurs natu-
rally as the mineral *fluorite (or
fluorspar) and is the main source of
fluorine. See also FLUORITE STRUCTURE.

calcium hydrogencarbonate (cal-
cium bicarbonate) A compound,
Ca(HCO3),, that is stable only in solu-
tion and is formed when water con-
taining carbon dioxide dissolves
calcium carbonate:

CaCOs(s) + H,0(1) + CO,(g) —

Ca(HCOs),(aq)

It is the cause of temporary *hard-
ness in water, because the calcium
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ions react with soap to give scum.
Calcium hydrogencarbonate is unsta-
ble when heated and decomposes to
give solid calcium carbonate. This ex-
plains why temporary hardness is re-
moved by boiling and the formation
of ‘scale’ in kettles and boilers.

calcium hydroxide (slaked lime) A
white solid, Ca(OH),, which dissolves
sparingly in water (see LIMEWATER);
hexagonal; r.d. 2.24. It is manufac-
tured by adding water to calcium
oxide, a process that evolves much
heat and is known as slaking. It is
used as a cheap alkali to neutralize
the acidity in certain soils and in the
manufacture of mortar, whitewash,
bleaching powder, and glass.

calcium nitrate A white deliques-
cent compound, Ca(NOs),, that is
very soluble in water; cubic; r.d. 2.50;
m.p. 561°C. It can be prepared by
neutralizing nitric acid with calcium
carbonate and crystallizing it from
solution as the tetrahydrate
Ca(NO;),.4H,0, which exists in two
monoclinic crystalline forms (o, r.d.
1.9; B, r.d. 1.82). There is also a trihy-
drate, Ca(NOs;),.3H,0. The anhydrous
salt can be obtained from the hy-
drate by heating but it decomposes
on strong heating to give the oxide,
nitrogen dioxide, and oxygen. Cal-
cium nitrate is sometimes used as a
nitrogenous fertilizer.

calcium octadecanoate (calcium
stearate) An insoluble white salt,
Ca(CH;(CH,),,C0O0),, which is formed
when soap is mixed with water con-
taining calcium ions and is the scum
produced in hard-water regions.

calcium oxide (quicklime) A white
solid compound, CaO, formed by
heating calcium in oxygen or by the
thermal decomposition of calcium
carbonate; cubic; r.d. 3.35; m.p.
2580°C; b.p. 2850°C. On a large scale,
calcium carbonate in the form of

limestone is heated in a tall tower
(lime kiln) to a temperature above
550°C:

CaCOs(s) == CaO(s) + CO,(g)
Although the reaction is reversible,
the carbon dioxide is carried away by
the upward current through the kiln
and all the limestone decomposes.
Calcium oxide is used to make cal-
cium hydroxide, as a cheap alkali for
treating acid soil, and in extractive
metallurgy to produce a slag with the
impurities (especially sand) present
in metal ores.

calcium phosphate(V) A white
insoluble powder, Ca3(PO,),; r.d. 3.14.
It is found naturally in the mineral
*apatite, Cas(PO,4);(OH,F,Cl), and as
rock phosphate. It is also the main
constituent of animal bones. Calcium
phosphate can be prepared by mix-
ing solutions containing calcium ions
and hydrogenphosphate ions in the
presence of an alkali:

HPO,> + OH- — PO + H,0
3Ca?* + 2P0 — Cay(POy),

It is used extensively as a fertilizer.
The compound was formerly called
calcium orthophosphate (see PHOS-
PHATES).

calcium stearate Sce carcium oc-
TADECANOATE.

calcium sulphate A white solid
compound, CaSO,; r.d. 2.96; 1450°C.
It occurs naturally as the mineral
*anhydrite, which has a rhombic
structure, transforming to a mono-
clinic form at 200°C. More com-
monly, it is found as the dihydrate,
*gypsum, CaSO,.2H,0 (monoclinic;
r.d. 2.32). When heated, gypsum
loses water at 128°C to give the
hemihydrate, 2CaSO,.H,0, better
known as *plaster of Paris. Calcium
sulphate is sparingly soluble in water
and is a cause of permanent *hard-
ness of water. It is used in the manu-
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facture of certain paints, ceramics,
and paper. The naturally occurring
forms are used in the manufacture of
sulphuric acid.

Calgon Tradename for a water-
softening agent. See HARDNESS OF
WATER.

caliche A mixture of salts found in
deposits between gravel beds in the
Atacama and Tarapaca regions of
Chile. They vary from 4 m to 15 cm
thick and were formed by periodic
leaching of soluble salts during wet
geological epochs, followed by drying
out of inland seas in dry periods.
They are economically important as a
source of nitrates. A typical composi-
tion is NaNO; 17.6%, NaCl 16.1%,
Na,S0, 6.5%, CaSO, 5.5%, MgSO,
3.0%, KNO; 1.3%, Na,B,0, 0.94%,
KCIO; 0.23%, NalO; 0.11%, sand and
gravel to 100%.

californium Symbol Cf. A radio-
active metallic transuranic element
belonging to the *actinoids; a.n. 98;
mass number of the most stable iso-
tope 251 (half-life about 700 years).
Nine isotopes are known; cali-
fornium-252 is an intense neutron
source, which makes it useful in neu-
tron *activation analysis and poten-
tially useful as a radiation source in
medicine. The element was first pro-
duced by Glenn Seaborg (1912-99)
and associates in 1950.

[ (@) see wes Links J

e Information from the WebElements site
calixarenes Compounds that have
molecules with a cuplike structure
(the name comes from the Greek
calix, cup). The simplest, has four
phenol molecules joined by four
-CH,- groups into a ring (forming
the base of the ‘cup’). The four phe-
nol hexagons point in the same di-
rection to form a cavity that can bind
substrate molecules. Interest has
been shown in the potential ability

of calixarene molecules to mimic en-
zZyme action.

calmodulin A protein, consisting
of 148 amino-acid residues, that acts
as a receptor for calcium ions in
many calcium-regulated processes in
both animal and plant cells. Calmo-
dulin mediates reactions catalysed by
many enzymes.

calomel See MERCURY(I) CHLORIDE.

calomel half cell (calomel elec-
trode) A type of half cell in which
the electrode is mercury coated with
calomel (HgCl) and the electrolyte is
a solution of potassium chloride and
saturated calomel. The standard elec-
trode potential is -0.2415 volt (25°C).
In the calomel half cell the reactions
are

HgCl(s) = Hg*(aq) + Cl(aq)

Hg*(aq) + e = Hg(s)
The overall reaction is

HgCl(s) + e = Hg(s) + Cl+(aq)
This is equivalent to a Cl,(g)|Cl-(aq)
half cell.

calorie The quantity of heat re-
quired to raise the temperature of 1
gram of water by 1°C (1 K). The calo-
rie, a ¢.g.s. unit, is now largely re-
placed by the *joule, an *SI unit. 1
calorie = 4.186 8 joules.

Calorie (kilogram calorie; kilocalo-
rie) 1000 calories. This unit is still in
limited use in estimating the energy
value of foods, but is obsolescent.

calorific value The heat per unit
mass produced by complete combus-
tion of a given substance. Calorific
values are used to express the energy
values of fuels; usually these are ex-
pressed in megajoules per kilogram
(MJ kg1). They are also used to meas-
ure the energy content of foodstuffs;
i.e. the energy produced when the
food is oxidized in the body. The
units here are kilojoules per gram
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(k] g1), although Calories (kilocalo-
ries) are often still used in nontechni-
cal contexts. Calorific values are
measured using a *bomb calorime-
ter.

calorimeter Any of various devices
used to measure thermal properties,
such as calorific values or heats of
chemical reactions. See also BOMB
CALORIMETER.

Calvin, Melvin (1911-97) US bio-
chemist. After World War II, at the
Lawrence Radiation Laboratory,
Berkeley, he investigated the light-in-
dependent reactions of *photosyn-
thesis. Using radioactive carbon-14 to
label carbon dioxide he discovered
the *Calvin cycle, for which he was
awarded the 1961 Nobel Prize for
chemistry.

Calvin cycle The metabolic path-
way of the light-independent stage of
*photosynthesis, which occurs in the
stroma of the chloroplasts. The path-
way was elucidated by Melvin
*Calvin and his co-workers and in-
volves the fixation of carbon dioxide
and its subsequent reduction to car-
bohydrate. During the cycle, carbon
dioxide combines with *ribulose bis-
phosphate, through the mediation of
the enzyme ribulose bisphosphate
carboxylase, to form an unstable
six-carbon compound that breaks
down to form two molecules of the
three-carbon compound glycerate
3-phosphate. This is converted to
glyceraldehyde 3-phosphate, which is
used to regenerate ribulose bisphos-
phate and to produce glucose and
fructose.

calx A metal oxide formed by heat-
ing an ore in air.

camphor A white crystalline cyclic
ketone, C;(H;¢0; r.d. 0.99; m.p.
179°C; b.p. 204°C. It was formerly ob-
tained from the wood of the For-

mosan camphor tree, but can now be
synthesized. The compound has a
characteristic odour associated with
its use in mothballs. It is a plasticizer
in celluloid.

CH,

HZC/ T\co

|H3C—C—CH3|

H,C CH
2 \C/ 2
H

Camphor

Canada balsam A yellow-tinted
resin used for mounting specimens
in optical microscopy. It has similar
optical properties to glass.

candela Symbol Cd. The *SI unit of
luminous intensity equal to the lumi-
nous intensity in a given direction of
a source that emits monochromatic
radiation of frequency 540 x 1012 Hz
and has a radiant intensity in that di-
rection of 1/683 watt per steradian.

cane sugar See SUCROSE.

cannabinoids A large group of
structurally related phenolic com-
pounds found in the plant Cannabis
sativa. The main one is *tetrahydro-
cannabinol (THC), which is the com-
pound responsible for the affects of
cannabis. It affects cannabinoid re-
ceptors found in the brain (and also
in the spleen). The name ‘cannabi-
noid’ is also applied to structurally
unrelated compounds found natu-
rally in animal tissue and having an
affect on the cannabinoid receptors.
These endocannabinoids (endog-
enous cannabinoids) are believed to
act as ‘messengers’ between cells.

cannabis An illegal drug produced
from the plant Cannabis sativa. The
dried inflorescences of the plant are
known as marijuana and the thick
resin produced from the plant is
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known as hashish. The normal
method of using cannabis is to
smoke it, although it can also be
taken in certain foods. Cannabis is a
class C controlled substance in the
UK. It contains a large number of re-
lated compounds known as herbal
*cannabinoids. The main active com-
ponent is *tetrahydrocannabinol
(THC).

Cannizzaro, Stanislao
(1826-1910) Italian chemist. He dis-
covered the *Cannizzaro reaction in
1853. His main contribution to chem-
istry was his recognition of the valid-
ity of *Avogadro’s law and his
deduction that common gases such
as H, and O, are diatomic molecules.
This led to the establishment of a re-
liable system of atomic and molecu-
lar weights.

Cannizzaro reaction A reaction of
aldehydes to give carboxylic acids
and alcohols. It occurs in the pres-
ence of strong bases with aldehydes
that do not have alpha hydrogen
atoms. For example, benzenecar-
baldehyde gives benzenecarboxylic
acid and benzyl alcohol:

2C¢HsCHO — CcHsCOOH +

CsHsCH,0OH

Aldehydes that have alpha hydrogen
atoms undergo the *aldol reaction in-
stead. The Cannizzaro reaction is an
example of a *disproportionation. It
was discovered by Stanislao *Canniz-
zaro.

canonical form One of the possi-
ble structures of a molecule that to-
gether form a *resonance hybrid.

capillary A tube of small diameter.

capillary electrophoresis (CE) A
technique for investigating mixtures
of charged species. In capilliary zone
electrophoresis (CZE), the sample is
introduced into a fine capillary tube,
with each end of the capillary placed

in a reservoir containing an elec-
trolyte (e.g. a buffer solution). The
source reservoir contains a positive
electrode and the destination reser-
voir contains a negative electrode. A
high potential difference is main-
tained between the electrodes. Com-
ponents of the sample flow through
the buffer solution in the capillary
under the influence of the electric
field. Their mobility depends on their
charge, size, and shape, and the com-
ponents separate as they move
through the tube. They are detected
close to the end of the capillary, usu-
ally by ultraviolet absorption. Capil-
liary gel electrophoresis (CGE) is used
for separating large charged species,
such as DNA fragments. The capil-
liary is filled with a gel and separa-
tion depends on the size of the
species. In CE, a graph of detector
output against time is known as an
electropherogram. Individual compo-
nents can be identified by their reten-
tion times in the capillary. The
technique can be highly sensitive
and is widely used in forensic labora-
tories.

capillary gel electrophoresis
(CGE) See CAPILLARY ELECTRO-
PHORESIS.

capillary zone electrophoresis
(CZE) See CAPILLARY ELECTRO-
PHORESIS.

capric acid See DECANOIC ACID.
caproic acid See HEXANOIC ACID.

caprolactam (6-hexanelactam) A
white crystalline substance,

H

2
c
H,C” NH
HC o
c—c
HZ H2

Caprolactam
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CeH1;NO; r.d. 1.02; m.p. 69-71°C; b.p.
139°C. It is a *lactam containing the
-NH.CO- group with five CH, groups
making up the rest of the seven-
membered ring. Caprolactam is used
in making *nylon.

caprylic acid See ocTaANOIC ACID.

capture Any of various processes in
which a system of particles absorbs
an extra particle. There are several
examples in atomic and nuclear
physics. For instance, a positive ion
may capture an electron to give a
neutral atom or molecule. Similarly,
a neutral atom or molecule capturing
an electron becomes a negative ion.
An atomic nucleus may capture a
neutron to produce a different (often
unstable) nucleus. Another type of
nuclear capture is the process in
which the nucleus of an atom ab-
sorbs an electron from the innermost
orbit (the K shell) to transform into a
different nucleus. In this process
(called K capture) the atom is left in
an excited state and generally decays
by emission of an X-ray photon.

Radiative capture is any such
process in which the capture results
in an excited state that decays by
emission of photons. A common ex-
ample is neutron capture to yield an
excited nucleus, which decays by
emission of a gamma ray.

carat 1. A measure of fineness (pu-
rity) of gold. Pure gold is described as
24-carat gold. 14-carat gold contains
14 parts in 24 of gold, the remainder
usually being copper. 2. A unit of
mass equal to 0.200 gram, used to
measure the masses of diamonds and
other gemstones.

carbamide See UREA.

carbanion An organic ion with a
negative charge on a carbon atom;
i.e. an ion of the type R;C~. Carban-
ions are intermediates in certain

types of organic reaction (e.g. the
*aldol reaction).

carbazole A white crystalline com-
pound found with anthracene,
C1,HoN; m.p. 238°C; b.p. 335°C. It is
used in the manufacture of dyestuffs.

Carbazole

carbene A species of the type R,C:,
in which the carbon atom has two
electrons that do not form bonds.
Methylene, :CH,, is the simplest ex-
ample. Carbenes are highly reactive
and exist only as transient intermedi-
ates in certain organic reactions.
They attack double bonds to give cy-
clopropane derivatives. They also
cause insertion reactions, in which
the carbene group is inserted be-
tween the carbon and hydrogen
atoms of a C-H bond:

C-H + :CR, — C-CR,-H
carbenium ion See CARBOCATION.

carbide Any of various compounds
of carbon with metals or other more
electropositive elements. True car-
bides contain the ion C* as in Al,Cs.
These are saltlike compounds giving
methane on hydrolysis, and were for-
merly called methanides. Com-
pounds containing the ion C,?" are
also saltlike and are known as dicar-
bides. They yield ethyne (acetylene)
on hydrolysis and were formerly
called acetylides. The above types of
compound are ionic but have par-
tially covalent bond character, but
boron and silicon form true covalent
carbides, with giant molecular struc-
tures. In addition, the transition met-
als form a range of interstitial
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carbides in which the carbon atoms
occupy interstitial positions in the
metal lattice. These substances are
generally hard materials with metal-
lic conductivity. Some transition met-
als (e.g. Cr, Mn, Fe, Co, and Ni) have
atomic radii that are too small to
allow individual carbon atoms in the
interstitial holes. These form car-
bides in which the metal lattice is
distorted and chains of carbon atoms
exist (e.g. Cr;C,, Fe;C). Such com-
pounds are intermediate in character
between interstitial carbides and
ionic carbides. They give mixtures of
hydrocarbons on hydrolysis with
water or acids.

carbocation An ion with a positive
charge that is mostly localized on a
carbon atom. There are two types:

Carbonium ions have five bonds to
the carbon atom and a complete
outer shell of eight electrons. A sim-
ple example is the ion CHs*, which
has a trigonal bipyramidal shape.
Ions of this type are transient
species. They can be produced by
electron impact and detected by
mass spectroscopy.

Carbenium ions have three bonds
to the carbon atom and are planar,
with six outer electrons and a vacant
p-orbital. Ions of this type are inter-
mediates in a number of organic re-
actions (for example, in the Sy1
mechanism of *nucleophilic substitu-
tion). Certain carbenium ions are sta-
bilized by delocalization of the
charge. An example is the orange-red
salt (CgH;5);C*Cl. Carbenium ions can
be produced by *superacids.

carbocyclic See cyciic.

carbohydrate One of a group of
organic compounds based on the
general formula C(H,0),. The sim-
plest carbohydrates are the *sugars
(saccharides), including glucose and
sucrose. *Polysaccharides are carbo-

hydrates of much greater molecular
weight and complexity; examples are
starch, glycogen, and cellulose. Car-
bohydrates perform many vital roles
in living organisms. Sugars, notably
glucose, and their derivatives are es-
sential intermediates in the conver-
sion of food to energy. Starch and
other polysaccharides serve as energy
stores in plants. Cellulose, lignin, and
others form the supporting cell walls
and woody tissue of plants. Chitin is
a structural polysaccharide found in
the body shells of many invertebrate
animals.
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¢ Information about IUPAC nomenclature
carbolic acid See PHENOL.

carbon Symbol C. A nonmetallic el-
ement belonging to *group 14 (for-
merly IVB) of the periodic table; a.n.
6; r.a.m. 12.011; m.p. ~3550°C; b.p.
~4827°C. Carbon has three main al-
lotropic forms (see ALLOTROPY).

*Diamond (r.d. 3.52) occurs natu-
rally and can be produced syntheti-
cally. It is extremely hard and has
highly refractive crystals. The hard-
ness of diamond results from the co-
valent crystal structure, in which
each carbon atom is linked by cova-
lent bonds to four others situated at
the corners of a tetrahedron. The
C-C bond length is 0.154 nm and the
bond angle is 109.5°.

Graphite (r.d. 2.25) is a soft black
slippery substance (sometimes called
black lead or plumbago). It occurs
naturally and can also be made by
the *Acheson process. In graphite
the carbon atoms are arranged in lay-
ers, in which each carbon atom is
surrounded by three others to which
it is bound by single or double bonds.
The layers are held together by much
weaker van der Waals’ forces. The
carbon-carbon bond length in the
layers is 0.142 nm and the layers are
0.34 nm apart. Graphite is a good
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conductor of heat and electricity. It
has a variety of uses including electri-
cal contacts, high-temperature equip-
ment, and as a solid lubricant.
Graphite mixed with clay is the ‘lead’
in pencils (hence its alternative
name). The third crystalline allotrope
is fullerite (see BUCKMINSTER-
FULLERENE). There are also several
amorphous forms of carbon, such as
*carbon black and *charcoal.

There are two stable isotopes of
carbon (proton numbers 12 and 13)
and four radioactive ones (10, 11, 14,
15). Carbon-14 is used in *carbon
dating.

Carbon forms a large number of
compounds because of its unique
ability to form stable covalent bonds
with other carbon atoms and also
with hydrogen, oxygen, nitrogen,
and sulphur atoms, resulting in the
formation of a variety of compounds
containing chains and rings of car-
bon atoms.

[ @) see wes s ]

¢ Information from the WebElements site

carbon assimilation The incorpo-
ration of carbon from atmospheric
carbon dioxide into organic mol-
ecules. This process occurs during
*photosynthesis. See CARBON CYCLE.

carbonate A salt of carbonic acid
containing the carbonate ion, CO3%".
The free ion has a plane triangular
structure. Metal carbonates may be
ionic or may contain covalent
metal-carbonate bonds (complex car-
bonates) via one or two oxygen
atoms. The carbonates of the alkali
metals are all soluble but other car-
bonates are insoluble; they all react
with mineral acids to release carbon
dioxide.

carbonate minerals A group of
common rock-forming minerals con-
taining the anion CO,2 as the funda-
mental unit in their structure. The

most important carbonate minerals
are *calcite, *dolomite, and *magne-
site. See also ARAGONITE.

carbonation The solution of car-
bon dioxide in a liquid under pres-
sure.

carbon bisulphide See cARBON
DISULPHIDE.

carbon black A fine carbon powder
made by burning hydrocarbons in in-
sufficient air. It is used as a pigment
and a filler (e.g. for rubber).

carbon cycle 1. One of the major
cycles of chemical elements in the
environment. Carbon (as carbon
dioxide) is taken up from the atmos-
phere and incorporated into the tis-
sues of plants in *photosynthesis. It
may then pass into the bodies of ani-
mals as the plants are eaten. During
the respiration of plants, animals,
and organisms that bring about de-
composition, carbon dioxide is re-
turned to the atmosphere. The
combustion of fossil fuels (e.g. coal
and peat) also releases carbon diox-
ide into the atmosphere. See illustra-
tion. 2. (in physics) A series of
nuclear reactions in which four hy-
drogen nuclei combine to form a he-
lium nucleus with the liberation of
energy, two positrons, and two neu-
trinos. The process is believed to be
the source of energy in many stars
and to take place in six stages. In this
series carbon-12 acts as if it were a
catalyst, being reformed at the end of
the series:

12C+{H - BN+
BN BC+et+v,
BC+iIH->YN+y
#N+1H 530+
130 > BN +e*+v,
BN+1H — 2C + 3He.

carbon dating (radiocarbon dating)
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Carbon cycle

A method of estimating the ages of
archaeological specimens of biologi-
cal origin. As a result of cosmic radia-
tion a small number of atmospheric
nitrogen nuclei are continuously
being transformed by neutron bom-
bardment into radioactive nuclei of
carbon-14:

BN+n->%C+p
Some of these radiocarbon atoms
find their way into living trees and
other plants in the form of carbon
dioxide, as a result of photosynthesis.
When the tree is cut down photosyn-
thesis stops and the ratio of radiocar-
bon atoms to stable carbon atoms
begins to fall as the radiocarbon de-
cays. The ratio C/'2C in the speci-
men can be measured and enables
the time that has elapsed since the
tree was cut down to be calculated.
The method has been shown to give
consistent results for specimens up
to some 40 000 years old, though its
accuracy depends upon assumptions
concerning the past intensity of the
cosmic radiation. The technique was

developed by Willard F. Libby
(1908-80) and his coworkers in
1946-47.

carbon dioxide A colourless
odourless gas, CO,, soluble in water,
ethanol, and acetone; d. 1.977 g dm™
(0°C); m.p. -56.6°C; b.p. -78.5°C. It oc-
curs in the atmosphere (0.04% by vol-
ume) but has a short residence time
in this phase as it is both consumed
by plants during *photosynthesis and
produced by respiration and by com-
bustion. It is readily prepared in the
laboratory by the action of dilute
acids on metal carbonates or of heat
on heavy-metal carbonates. Carbon
dioxide is a by-product from the
manufacture of lime and from fer-
mentation processes.

Carbon dioxide has a small liquid
range and liquid carbon dioxide is
produced only at high pressures. The
molecule CO, is linear with each oxy-
gen making a double bond to the car-
bon. Chemically, it is unreactive and
will not support combustion. It dis-
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solves in water to give *carbonic
acid.

Large quantities of solid carbon
dioxide (dry ice) are used in processes
requiring large-scale refrigeration. It
is also used in fire extinguishers as a
desirable alternative to water for
most fires, and as a constituent of
medical gases as it promotes exhala-
tion. It is also used in carbonated
drinks.

The level of carbon dioxide in the
atmosphere has increased by some
12% in the last 100 years, mainly be-
cause of extensive burning of fossil
fuels and the destruction of large
areas of rain forest. This has been
postulated as the main cause of the
average increase of 0.5°C in global
temperatures over the same period,
through the *greenhouse effect.
Steps are now being taken to prevent
further increases in atmospheric CO,
concentration and subsequent global
warming.

carbon disulphide (carbon bisul-
phide) A colourless highly refractive
liquid, CS,, slightly soluble in water
and soluble in ethanol and ether; r.d.
1.261; m.p. -110°C; b.p. 46.3°C. Pure
carbon disulphide has an ethereal
odour but the commercial product is
contaminated with a variety of other
sulphur compounds and has a most
unpleasant smell. It was previously
manufactured by heating a mixture
of wood, sulphur, and charcoal; mod-
ern processes use natural gas and sul-
phur. Carbon disulphide is an
excellent solvent for oils, waxes, rub-
ber, sulphur, and phosphorus, but its
use is decreasing because of its high
toxicity and its flammability. It is
used for the preparation of xanthates
in the manufacture of viscose yarns.

carbon fibres Fibres of carbon in
which the carbon has an oriented
crystal structure. Carbon fibres are
made by heating textile fibres and

are used in strong composite ma-
terials for use at high temperatures.

carbonic acid A dibasic acid,
H,CO,, formed in solution when car-
bon dioxide is dissolved in water:

CO,(aq) + H,0() == H,CO5(aq)
The acid is in equilibrium with dis-
solved carbon dioxide, and also disso-
ciates as follows:

H,CO; == H* + HCO;~

K, =4.5% 1077 mol dm™

HCO;~ == CO;* + H*

K, =4.8 x 10" mol dm™3

The pure acid cannot be isolated,
although it can be produced in ether
solution at -30°C. Carbonic acid gives
rise to two series of salts: the *car-
bonates and the *hydrogencarbon-
ates.

carbonium ion See CARBOCATION.

carbonize (carburize) To change an
organic compound into carbon by
heating, or to coat something with
carbon in this way.

carbon monoxide A colourless
odourless gas, CO, sparingly soluble
in water and soluble in ethanol and
benzene; d. 1.25 g dm=3 (0°C); m.p.
-199°C; b.p. -191.5°C. It is flammable
and highly toxic. In the laboratory it
can be made by the dehydration of
methanoic acid (formic acid) using
concentrated sulphuric acid. Industri-
ally it is produced by the oxidation of
natural gas (methane) or (formerly)
by the water-gas reaction. It is
formed by the incomplete combus-
tion of carbon and is present in car-
exhaust gases.

It is a neutral oxide, which burns
in air to give carbon dioxide, and is a
good reducing agent, used in a num-
ber of metallurgical processes. It has
the interesting chemical property
of forming a range of transition
metal carbonyls, e.g. Ni(CO),. Car-
bon monoxide is able to use vacant
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p-orbitals in bonding with metals;
the stabilization of low oxidation
states, including the zero state, is a
consequence of this. This also ac-
counts for its toxicity, which is due
to the binding of the CO to the iron
in haemoglobin, thereby blocking

the uptake of oxygen.
C=0 carbon monoxide
O0=C=0 carbon dioxide

tricarbon dioxide
(carbon suboxide)

O0=C=C=C=0

Carbon monoxide

carbon suboxide See TRICARBON
DIOXIDE.

carbon tetrachloride Sce TETRA-
CHLOROMETHANE.

carbonyl chloride (phosgene) A
colourless gas, COCl,, with an odour
of freshly cut hay. It is used in or-
ganic chemistry as a chlorinating
agent, and was formerly used as a
war gas.

carbonyl compound A compound
containing the carbonyl group >C=0.
Aldehydes, ketones, and carboxylic
acids are examples of organic car-
bonyl compounds. Inorganic car-
bonyls are complexes in which
carbon monoxide has coordinated to
a metal atom or ion, as in *nickel
carbonyl, Ni(CO),. See also LIGAND.

carbonyl group The group >C=0,
found in aldehydes, ketones, car-
boxylic acids, amides, etc., and in in-
organic carbonyl complexes (see
CARBONYL COMPOUND).

carboranes Compounds similar to
the *boranes, but with one or more
boron atoms replaced by carbon
atoms.

carborundum See SILICON CARBIDE.

carboxyhaemoglobin The highly
stable product formed when *haemo-

globin combines with carbon monox-
ide. Carbon monoxide competes with
oxygen for haemoglobin, with which
it binds strongly: the affinity of
haemoglobin for carbon monoxide is
250 times greater than that for oxy-
gen. This reduces the availability of
haemoglobin for combination with
(and transport of) oxygen and ac-
counts for the toxic effects of carbon
monoxide on the respiratory system.

carboxylate An anion formed
from a *carboxylic acid. For example,
ethanoic acid gives rise to the
ethanoate ion, CH;COO-.

carboxyl group The organic group
-COOH, present in *carboxylic acids.

carboxylic acids Organic com-
pounds containing the group -CO.OH
(the carboxyl group; i.e. a carbonyl
group attached to a hydroxyl group).
In systematic chemical nomenclature
carboxylic-acid names end in the
suffix -oic, e.g. ethanoic acid,
CH,COOH. They are generally weak
acids. Many long-chain carboxylic
acids occur naturally as esters in fats
and oils and are therefore also
known as *fatty acids. See also GLYC-
ERIDES.

[ @) see wes unks ]
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carboxyl group

Carboxylic acid

carburize See CARBONIZE.

carbylamine reaction Sce 1so-
CYANIDE TEST.

carbyne A transient species of the
type R-C=, with three nonbonding
electrons on the carbon atom. For-
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merly, carbynes were called methyli-
dynes.

carcinogen Any agent that pro-
duces cancer, e.g. tobacco smoke,
certain industrial chemicals, and

ionizing radiation (such as X-rays

and ultraviolet rays).

Carius method A method of deter-
mining the amount of sulphur and
halogens in an organic compound, by
heating the compound in a sealed
tube with silver nitrate in concen-
trated nitric acid. The compound is
decomposed and silver sulphide and
halides are precipitated, separated,
and weighed.

carnallite A mineral consisting of a
hydrated mixed chloride of potas-
sium and magnesium, KCL.MgCl,.
6H,0.

carnauba wax A natural wax ob-
tained from the leaves of the copaiba
palm of South America. It is ex-
tremely hard and brittle and is used
in varnishes and to add hardness and
lustre to other waxes in polishes.

Carnot, Nicolas Léonard Sadi
(1796-1832) French physicist, who
first worked as a military engineer.
He then turned to scientific research
and in 1824 published his analysis of
the efficiency of heat engines. The
key to this analysis is the thermody-
namic *Carnot cycle and the even-
tual introduction of the idea of
*entropy in thermodynamics. He
died at an early age from cholera.

Carnot cycle The most efficient
cycle of operations for a reversible
*heat engine. Published in 1824 by
Nicolas *Carnot, it consists of four
operations on the working substance
in the engine (see illustration):
a. Isothermal expansion at thermody-
namic temperature T; with heat g,
taken in.

b. Adiabatic expansion with a fall of
temperature to T,.
c. Isothermal compression at temper-
ature T, with heat g, given out.
d. Adiabatic compression with a rise
of temperature back to T;.
According to the Carnot principle, the
efficiency of any reversible heat en-
gine depends only on the tempera-
ture range through which it works,
rather than the properties of the
working substances. In any reversible
engine, the efficiency (n) is the ratio
of the work done (W) to the heat
input (q,), i.e. n = WJq,. As, according
to the first law of *thermodynamics,
W =g, - qy, it follows that n =
(d1 - 92)/q;- For the Kelvin tempera-
ture scale, q4/q, = T/T, and n =
(T; - T,)/T;. For maximum efficiency
T, should be as high as possible and
T, as low as possible.

A
P

isothermal
expansion

adiabatic
adiabatic expansion
compression

isothermal

compression

A\

Carnot cycle

carnotite A radioactive mineral
consisting of hydrated uranium
potassium vanadate,
K,(UO,),(VO,),.nH,0. It varies in col-
our from bright yellow to lemon- or
greenish-yellow. It is a source of ura-
nium, radium, and vanadium. The
chief occurrences are in the Colorado
Plateau, USA; Radium Hill, Australia;
and Katanga, Zaire.

Carnot principle Sce cCARNOT
CYCLE.
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Caro’s acid See PEROXO-
SULPHURIC(VI) ACID.

carotene A member of a class of
*carotenoid pigments. Examples are
B-carotene and lycopene, which col-
our carrot roots and ripe tomato
fruits respectively. o- and B-carotene
yield vitamin A when they are bro-
ken down during animal digestion.

carotenoid Any of a group of yel-
low, orange, red, or brown plant pig-

ments chemically related to terpenes.

Carotenoids are responsible for the
characteristic colour of many plant
organs, such as ripe tomatoes, car-
rots, and autumn leaves. They also
absorb light energy and pass this on
to chlorophyll molecules in the light-
dependent reactions of photosynthe-
sis.

Carothers, Wallace Hume
(1896-1937) US industrial chemist,
who joined the Du Pont company
where he worked on polymers. In
1931 he produced *neoprene, a syn-
thetic rubber. His greatest success
came in 1935 with the discovery of
the polyamide that came to be
known as *nylon. Carothers, who
suffered from depression, committed
suicide.

carrageenan A naturally occurring
polysaccharide isolated from red
algae. The polymer is composed of D-
galactose units, many of which are
sulphated. K-carrageenan is a gelling
agent with uses similar to those of
*agar.

carrier gas The gas that carries the
sample in *gas chromatography.

carrier molecule 1. A molecule
that plays a role in transporting elec-
trons through the *electron trans-
port chain. Carrier molecules are
usually proteins bound to a nonpro-
tein group; they can undergo oxida-
tion and reduction relatively easily,

thus allowing electrons to flow
through the system. 2. A lipid-
soluble molecule that can bind to
lipid-insoluble molecules and trans-
port them across membranes. Carrier
molecules have specific sites that in-
teract with the molecules they trans-
port. Several different molecules may
compete for transport by the same
carrier.

Carr-Purcell-Meiboom-Gill se-
quence See CPMG SEQUENCE.

CARS (coherent anti-Stokes Raman
spectroscopy) A form of Raman spec-
troscopy (see RAMAN EFFECT) enabling
the intensity of Raman transitions to
be increased. In this technique two
laser beams with different frequen-
cies pass through a sample producing
electromagnetic radiation of several
frequencies. It is possible to adjust
the frequency of the lasers so that
one of the frequencies corresponds
to that of a Stokes line from the sam-
ple and the coherent emission has
the frequency of the anti-Stokes line
with a high intensity. CARS enables
Raman spectra to be obtained even
in the presence of other radiation.
One application of CARS is to obtain
Raman spectra from bodies in flames.
Using this technique temperatures in
different parts of the flame can be es-
timated from the intensity of the
transitions.

cascade liquefier An apparatus
for liquefying a gas of low *critical
temperature. Another gas, already
below its critical temperature, is
liquified and evaporated at a reduced
pressure in order to cool the first gas
to below its critical temperature. In
practice a series of steps is often
used, each step enabling the critical
temperature of the next gas to be
reached.

cascade process Any process that
takes place in a number of steps, usu-
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ally because the single step is too
inefficient to produce the desired re-
sult. For example, in various ura-
nium-enrichment processes the
separation of the desired isotope is
only poorly achieved in a single
stage; to achieve better separation
the process has to be repeated a
number of times, in a series, with
the enriched fraction of one stage
being fed to the succeeding stage for
further enrichment. Another exam-
ple of cascade process is that operat-
ing in a *cascade liquefier.

case hardening The hardening of
the surface layer of steel, used for
tools and certain mechanical compo-
nents. The commonest method is to
carburize the surface layer by heat-
ing the metal in a hydrocarbon or by
dipping the red hot metal into
molten sodium cyanide. Diffusion of
nitrogen into the surface layer to
form nitrides is also used.

casein One of a group of phos-
phate-containing proteins (phospho-
proteins) found in milk. Caseins are
easily digested by the enzymes of
young mammals and represent a
major source of phosphorus.

CAS registry A database of chemi-
cal compounds, certain mixtures,
and biological sequences maintained
by the Chemical Abstracts Service of
the American Chemical Society. In
the registry every entry has a unique
CAS registry number (CASRN). This
has three parts: up to six digits, fol-
lowed by two digits, followed by one
digit. For example, the CAS number
of water is 7732-18-5. The final digit
is a check number. CAS registry
numbers are used for searching
chemical databases. The size of the
registry is immense, with over 32
million substances and 59 million se-
quences. It identifies every chemical
that has been described in the litera-

ture since 1957 and around 50 000

new numbers are added each week.

[ (@) see wes Links J

e Further information from the CAS site

o A free service for finding CAS numbers
from CambridgeSoft

cassiterite A yellow, brown, or
black form of tin(IV) oxide, SnO,,
that forms tetragonal, often twinned,
crystals; the principal ore of tin. It oc-
curs in hydrothermal veins and meta-
somatic deposits associated with acid
igneous rocks and in alluvial (placer)
deposits. The chief producers are
Malaysia, Indonesia, Democratic Re-
public of Congo, and Nigeria.

cast iron A group of iron alloys
containing 1.8 to 4.5% of carbon. It is
usually cast into specific shapes ready
for machining, heat treatment, or as-
sembly. It is sometimes produced di-
rect from the *blast furnace or it
may be made from remelted *pig
iron.

Castner-Kellner cell An elec-
trolytic cell used industrially for the
production of *sodium hydroxide.
The usually iron cell is filled with
brine (sodium chloride solution) and
employs liquid mercury as the cath-
ode. The sodium liberated there
forms an amalgam with the mercury,
which is run off and reacted with
water to give sodium hydroxide (and
hydrogen); the mercury is then re-
used. Chlorine gas produced at the
anode is another valuable by-product.

castor oil A pale-coloured oil ex-
tracted from the castor-oil plant. It
contains a mixture of glycerides
of fatty acids, the predominant
acid being ricinoleic acid,
C,7H;3,(OH)COOH. It is used as a
*drying oil in paints and varnishes
and medically as a laxative.

catabolism The metabolic break-
down of large molecules in living or-
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ganisms to smaller ones, with the re-
lease of energy. Respiration is an ex-
ample of a catabolic series of
reactions. See METABOLISM. Compare
ANABOLISM.

catalysis The process of changing
the rate of a chemical reaction by use
of a *catalyst.

catalyst A substance that increases
the rate of a chemical reaction with-
out itself undergoing any permanent
chemical change. Catalysts that have
the same phase as the reactants are
homogeneous catalysts (e.g. *en-
zymes in biochemical reactions or
transition-metal complexes used in
the liquid phase for catalysing or-
ganic reactions). Those that have a
different phase are hetereogeneous
catalysts (e.g. metals or oxides used
in many industrial gas reactions). The
catalyst provides an alternative path-
way by which the reaction can pro-
ceed, in which the activation energy
is lower. It thus increases the rate at
which the reaction comes to equilib-
rium, although it does not alter the
position of the equilibrium. The cata-
lyst itself takes part in the reaction
and consequently may undergo phys-
ical change (e.g. conversion into pow-
der). In certain circumstances, very
small quantities of catalyst can speed
up reactions. Most catalysts are also
highly specific in the type of reaction
they catalyse, particularly enzymes
in biochemical reactions. Generally,
the term is used for a substance that
increases reaction rate (a positive cat-
alyst). Some reactions can be slowed
down by negative catalysts (see INHI-
BITION).

catalytic converter A device used
in the exhaust systems of motor vehi-
cles to reduce atmospheric pollution.
The three main pollutants produced
by petrol engines are: unburnt hydro-
carbons, carbon monoxide produced

by incomplete combustion of hydro-
carbons, and nitrogen oxides pro-
duced by nitrogen in the air reacting
with oxygen at high engine tempera-
tures. Hydrocarbons and carbon
monoxide can be controlled by a
higher combustion temperature and
a weaker mixture. However, the
higher temperature and greater avail-
ability of oxygen arising from these
measures encourage formation of
nitrogen oxides. The use of three-
way catalytic converters solves this
problem by using platinum and
palladium catalysts to oxidize the
hydrocarbons and the CO and
rhodium catalysts to reduce the ni-
trogen oxides back to nitrogen. These
three-way catalysts require that the
air-fuel ratio is strictly stochiometric.
Some catalytic converters promote
oxidation reactions only, leaving the
nitrogen oxides unchanged. Three-
way converters can reduce hydrocar-
bons and CO emissions by some 85%,
at the same time reducing nitrogen
oxides by 62%.

catalytic cracking See CRACKING.

catalytic rich gas process See crG
PROCESS.

cataphoresis Sce ELECTROPHORESIS.

catechol See 1,2-DIHYDROXY-
BENZENE.

catecholamine Any of a class of
amines that possess a catechol
(CsH4(OH),) ring. Including
*dopamine, *adrenaline, and *nora-
drenaline, they function as neuro-
transmitters and/or hormones.

catenane A type of compound con-
sisting of two or more large rings
that are interlocked like the links of
a chain. In a catenane, there is no
chemical bonding between the rings;
the rings are held together by *me-
chanical bonding.

catenation 1. The formation of



cathetometer

108

chains of atoms in chemical com-
pounds. 2. The formation of a *cate-
nane compound by mechanical
bonding.

cathetometer A telescope or
microscope fitted with crosswires in
the eyepiece and mounted so that it
can slide along a graduated scale.
Cathetometers are used for accurate
measurement of lengths without me-
chanical contact. The microscope
type is often called a travelling micro-
scope.

cathine (8-hydroxyamphetamine)
An alkaloid, CoH;3NO. It may con-
tribute to the stimulant activity of
*Kkhat.

cathinone (B-ketoamphetamine)
An alkaloid, CgH,;NO. It is the main
active ingredient in fresh *khat.

cathode A negative electrode. In
*electrolysis cations are attracted to
the cathode. In vacuum electronic de-
vices electrons are emitted by the
cathode and flow to the *anode. It is
therefore from the cathode that elec-
trons flow into these devices. How-
ever, in a primary or secondary cell
the cathode is the electrode that
spontaneously becomes negative dur-
ing discharge, and from which there-
fore electrons emerge.

cathodic protection See SACRIFI-
CIAL PROTECTION.

cation A positively charged ion, i.e.
an ion that is attracted to the cath-
ode in *electrolysis. Compare ANION.

H

o

NH

CH

cathine

Cathine

cationic detergent Sece
DETERGENT.

cationic dye See DYEs.
cationic resin See ION EXCHANGE.

caustic Describing a substance that
is strongly alkaline (e.g. caustic soda).

caustic potash See poTASSTUM HY-
DROXIDE.

caustic soda See SODIUM HYDROX-
IDE.

Cavendish, Henry (1731-1810)
British chemist and physicist, born in
France. Although untrained, his in-
heritance from his grandfather, the
Duke of Devonshire, enabled him to
live as a recluse and study science. In
his experiments with gases (1766), he
correctly distinguished between hy-
drogen and carbon dioxide. In 1784
he showed that sparking mixtures of
hydrogen and oxygen produced pure
water, showing that water is not an
element. Also in sparking experi-
ments with air, Cavendish recog-
nised a small percentage unchanged
(later identified as noble gases).
Cavendish also did significant work
in physics.

c.c.p. Cubic close packing. See CLOSE
PACKING.

CD See CIRCULAR DICHROISM.

CD spectrum (circular dichroism
spectrum) The spectrum obtained by
plotting the variable I - I} against
frequency of the incident electro-
magnetic radiation, where Iy and I

0

NH

CH

cathinone
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are the absorption intensities for
right- and left-circularly polarized
light, respectively. One application of
CD spectroscopy is to determine the
configurations of complexes of transi-
tion metals. If the CD spectra of simi-
lar transition metal complexes
(including similarity of geometry) are
taken, the features of their CD spec-
tra are also similar.

CE See CAPILLARY ELECTROPHORESIS.

celestine A mineral form of stron-
tium sulphate, SrSO,.

cell 1. A system in which two elec-
trodes are in contact with an elec-
trolyte. The electrodes are metal or
carbon plates or rods or, in some
cases, liquid metals (e.g. mercury). In
an *electrolytic cell a current from
an outside source is passed through
the electrolyte to produce chemical
change (see ELECTROLYSIS). In a
*voltaic cell, spontaneous reactions
between the electrodes and elec-
trolyte(s) produce a potential differ-
ence between the two electrodes.

Voltaic cells can be regarded as
made up of two *half cells, each
composed of an electrode in contact
with an electrolyte. For instance, a
zinc rod dipped in zinc sulphate solu-
tion is a Zn|Zn?* half cell. In such a
system zinc atoms dissolve as zinc
ions, leaving a negative charge on
the electrode

Zn(s) — Zn?*(aq) + 2e
The solution of zinc continues until
the charge build-up is sufficient to
prevent further ionization. There is
then a potential difference between
the zinc rod and its solution. This
cannot be measured directly, since
measurement would involve making
contact with the electrolyte, thereby
introducing another half cell (see
ELECTRODE POTENTIAL). A rod of cop-
per in copper sulphate solution com-
prises another half cell. In this case

the spontaneous reaction is one in
which copper ions in solution take
electrons from the electrode and are
deposited on the electrode as copper
atoms. In this case, the copper ac-
quires a positive charge.

The two half cells can be con-
nected by using a porous pot for the
liquid junction (as in the *Daniell
cell) or by using a salt bridge. The re-
sulting cell can then supply current
if the electrodes are connected
through an external circuit. The cell
is written

Zn(s)|Zn*(aq)|Cu**(aq)|Cu

E=110V
Here, E is the e.m.f. of the cell equal
to the potential of the right-hand
electrode minus that of the left-hand
electrode for zero current. Note that
‘right’ and ‘left’ refer to the cell as
written. Thus, the cell could be writ-
ten

Cu(s)|Cu**(aq)|Zn**(aq)|Zn(s)

=-1.10V
The overall reaction for the cell is
Zn(s) + Cu?*(aq) — Cu(s) +
Zn(aq)
This is the direction in which the cell
reaction occurs for a positive e.m.f.

The cell above is a simple example
of a chemical cell; i.e. one in which
the e.m.f. is produced by a chemical
difference. Concentration cells are
cells in which the e.m.f. is caused by
a difference of concentration. This
may be a difference in concentration
of the electrolyte in the two half
cells. Alternatively, it may be an elec-
trode concentration difference (e.g.
different concentrations of metal in
an amalgam, or different pressures of
gas in two gas electrodes). Cells are
also classified into cells without
transport (having a single electrolyte)
and with transport (having a liquid
junction across which ions are trans-
ferred). Various types of voltaic cell
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exist, used as sources of current,
standards of potential, and experi-
mental set-ups for studying electro-
chemical reactions. See also DRY CELL;
PRIMARY CELL; SECONDARY CELL;
LITHIUM BATTERY.

2. See KERR EFFECT (for Kerr cell).

cellophane Reconstituted cellulose
in the form of a thin transparent
sheet, made by extruding a viscous
cellulose xanthate solution through a
fine slit into a bath of acid (see
RAYON). It is commonly used as a
wrapping material, especially for
foodstuffs, but is being replaced by
polypropene because of its flamma-
bility.

cellular plastic See EXPANDED PLAS-
TIC.

cellular plastics Solid synthetic
materials having an open structure.
A common example is rigid *poly-
styrene foam used in insulation and
packaging.

celluloid A transparent highly
flammable substance made from cel-
lulose nitrate with a camphor plasti-
cizer. It was formerly widely used as
a thermoplastic material, especially
for film (a use now discontinued
owing to the flammability of cellu-
loid).

cellulose A polysaccharide that
consists of a long unbranched chain
of glucose units. It is the main con-

CH,OH

CH,OH

stituent of the cell walls of all plants,
many algae, and some fungi and is
responsible for providing the rigidity
of the cell wall. It is an important
constituent of dietary fibre. The
fibrous nature of extracted cellulose
has led to its use in the textile indus-
try for the production of cotton,
artificial silk, etc.

cellulose acetate See CELLULOSE
ETHANOATE.

cellulose ethanoate (cellulose ac-
etate) A compound prepared by
treating cellulose (cotton linters or
wood pulp) with a mixture of
ethanoic anhydride, ethanoic acid,
and concentrated sulphuric acid. Cel-
lulose in the cotton is ethanoylated
and when the resulting solution is
treated with water, cellulose
ethanoate forms as a flocculent white
mass. It is used in lacquers, nonshat-
terable glass, varnishes, and as a fibre
(see also RAYON).

cellulose nitrate A highly flamma-
ble material made by treating cellu-
lose (wood pulp) with concentrated
nitric acid. Despite the alternative
name nitrocellulose, the compound is
in fact an ester (containing CONO,
groups), not a nitro compound
(which would contain C-NO,). It is
used in explosives (as guncotton) and
celluloid.

Celsius scale A *temperature scale
in which the fixed points are the

CH,OH

1-4 B-glycosidic bonds

Cellulose
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temperatures at standard pressure of
ice in equilibrium with water (0°C)
and water in equilibrium with steam
(100°C). The scale, between these two
temperatures, is divided in 100 de-
grees. The degree Celsius (°C) is equal
in magnitude to the *kelvin. This
scale was formerly known as the
centigrade scale; the name was offi-
cially changed in 1948 to avoid con-
fusion with a hundredth part of a
grade. It is named after the Swedish
astronomer Anders Celsius (1701-44),
who devised the inverted form of
this scale (ice point 100°, steam point
0°) in 1742.

cement Any of various substances
used for bonding or setting to a hard
material. Portland cement is a mix-
ture of calcium silicates and alumi-
nates made by heating limestone
(CaCO,) with clay (containing alumi-
nosilicates) in a kiln. The product is
ground to a fine powder. When
mixed with water it sets in a few
hours and then hardens over a
longer period of time due to the for-
mation of hydrated aluminates and
silicates.

cementation Any metallurgical
process in which the surface of a
metal is impregnated by some other
substance, especially an obsolete
process for making steel by heating
bars of wrought iron to red heat for
several days in a bed of charcoal. See
also CASE HARDENING.

cementite See STEEL.

centi- Symbol c. A prefix used in
the metric system to denote one hun-
dredth. For example, 0.01 metre =1
centimetre (cm).

centigrade scale Sece cELsIUS
SCALE.

centrifugal pump See pumP.

centrifuge A device in which solid
or liquid particles of different densi-

ties are separated by rotating them in
a tube in a horizontal circle. The
denser particles tend to move along
the length of the tube to a greater ra-
dius of rotation, displacing the
lighter particles to the other end.

ceramics Inorganic materials, such
as pottery, enamels, and refractories.
Ceramics are metal silicates, oxides,
nitrides, etc.

cerebroside Any one of a class of
*glycolipids in which a single sugar
unit is bound to a sphingolipid (see
PHOSPHOLIPID). The most common
cerebrosides are galactocerebrosides,
containing the sugar group galactose;
they are found in the plasma mem-
branes of neural tissue and are abun-
dant in the myelin sheaths of
neurones.

cerium Symbol Ce. A silvery metal-
lic element belonging to the *lan-
thanoids; a.n. 58; r.a.m. 140.12; r.d.
6.77 (20°C); m.p. 799°C; b.p. 3426°C.
It occurs in allanite, bastnasite,
cerite, and monazite. Four isotopes
occur naturally: cerium-136, -138,
-140, and -142; fifteen radioisotopes
have been identified. Cerium is used
in mischmetal, a rare-earth metal
containing 25% cerium, for use in
lighter flints. The oxide is used in
the glass industry. It was discovered
by Martin Klaproth (1743-1817) in
1803.

[ @) see wes s ]

¢ Information from the WebElements site
cermet A composite material con-
sisting of a ceramic in combination
with a sintered metal, used when a
high resistance to temperature, cor-
rosion, and abrasion is needed.

cerussite An ore of lead consisting
of lead carbonate, PbCOs. It is usually
of secondary origin, formed by the
weathering of *galena. Pure cerussite
is white but the mineral may be grey
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due to the presence of impurities. It
forms well-shaped orthorhombic
crystals. It occurs in the USA, Spain,
and SW Affrica.

cetane Sec HEXADECANE.

cetane number A number that
provides a measure of the ignition
characteristics of a Diesel fuel when
it is burnt in a standard Diesel en-
gine. It is the percentage of cetane
(hexadecane) in a mixture of cetane
and 1-methylnaphthalene that has
the same ignition characteristics as
the fuel being tested. Compare oc-
TANE NUMBER.

CFC See CHLOROFLUOROCARBON.

CGE Capillary gel electrophoresis.
See CAPILLARY ELECTROPHORESIS.

c.g.s. units A system of *units
based on the centimetre, gram, and
second. Derived from the metric sys-
tem, it was badly adapted to use with
thermal quantities (based on the in-
consistently defined *calorie) and
with electrical quantities (in which
two systems, based respectively on
unit permittivity and unit permeabil-
ity of free space, were used). For sci-
entific purposes c.g.s. units have now
been replaced by *SI units.

chain A line of atoms of the same
type in a molecule. In a straight chain
the atoms are attached only to single
atoms, not to groups. Propane, for in-
stance, is a straight-chain alkane,
CH,;CH,CHj;, with a chain of three
carbon atoms. A branched chain is
one in which there are side groups
attached to the chain. Thus, 3-ethyl-
octane, CH;CH,CH(C,Hs5)CsH;4, is a
branched-chain alkane in which
there is a side chain (C,Hs) attached
to the third carbon atom. A closed
chain is a *ring of atoms in a mol-
ecule; otherwise the molecule has an
open chain.

Chain, Sir Ernst Boris (1906-79)

German-born British biochemist,
who began his research career at
Cambridge University in 1933. Two
years later he joined *Florey at Ox-
ford, where they isolated and
purified *penicillin. They also devel-
oped a method of producing the drug
in large quantities and carried out its
first clinical trials. The two men
shared the 1945 Nobel Prize for phys-
iology or medicine with penicillin’s
discoverer, Alexander *Fleming.

chain reaction A reaction that is
self-sustaining as a result of the prod-
ucts of one step initiating a subse-
quent step. Chemical chain reactions
usually involve free radicals as inter-
mediates. An example is the reaction
of chlorine with hydrogen initiated
by ultraviolet radiation. A chlorine
molecule is first split into atoms:

Cl, -» Cl- + CI-
These react with hydrogen as follows
Cl' +H, - HCl + H:

H- + Cl, —» HCI + Cl- etc.
Combustion and explosion reactions
involve similar free-radical chain re-
actions.

chair See RING CONFORMATIONS.

chair conformation See CONFOR-
MATION.

chalcedony A mineral consisting
of a microcrystalline variety of
*quartz. It occurs in several forms,
including a large number of semi-
precious gemstones; for example,
sard, carnelian, jasper, onyx, chryso-
prase, agate, and tiger’s-eye.

chalcogens See GROUP 16 ELEMENTS.

chalconides Binary compounds
formed between metals and group 16
elements; i.e. oxides, sulphides, se-
lenides, and tellurides.

chalcopyrite (copper pyrites) A
brassy yellow mineral consisting of a
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mixed copper-iron sulphide, CuFeS,,
crystallizing in the tetragonal sys-
tem; the principal ore of copper. It is
similar in appearance to pyrite and
gold. It crystallizes in igneous rocks
and hydrothermal veins associated
with the upper parts of acid igneous
intrusions. Chalcopyrite is the most
widespread of the copper ores, occur-
ring, for example, in Cornwall (UK),
Sudbury (Canada), Chile, Tasmania
(Australia), and Rio Tinto (Spain).

chalk A very fine-grained white
rock composed of the skeletal re-
mains of microscopic sea creatures,
such as plankton, and consisting
largely of *calcium carbonate
(CaCoOs). It is used in toothpaste and
cosmetics. It should not be confused
with blackboard ‘chalk’, which is
made from calcium sulphate.

change of phase (change of state)
A change of matter in one physical
*phase (solid, liquid, or gas) into an-
other. The change is invariably ac-
companied by the evolution or
absorption of energy.

chaos Unpredictable and appar-
ently random behaviour arising in a
system that is governed by determin-
istic laws (i.e. laws that, given the
state of the system at a given time,
uniquely determine the state at any
other time). Chaotic dynamics are
widespread in nature: examples are
the turbulent flow of fluids, the dy-
namics of planetary moons, oscilla-
tions in electrical circuits, and the
long-term unpredictability of the
weather. In such situations, chaos
arises because the mathematical
equations expressing the (determinis-
tic) laws in question are nonlinear
and extremely sensitive to the initial
conditions. It is impossible to specify
data at a given time to a sufficient de-
gree of precision to be able to predict
the future behaviour of the system

because two pieces of initial data dif-
fering by even a very small amount
will give widely different results at a
later time. Originally, the theory was
introduced to describe unpredictabil-
ity in meteorology, as exemplified by
the butterfly effect. It has been sug-
gested that the dynamical equations
governing the weather are so sensi-
tive to the initial data that whether
or not a butterfly flaps its wings in
one part of the world may make the
difference between a tornado occur-
ring or not occurring in some other
part of the world. In chemistry,
chaos theory has been used to ex-
plain oscillatory (clock) reactions,
such as the *B-Z reaction, and
chaotic reactions.

chaotic dynamics See cHAOS.

chaotic reaction A type of chemi-
cal reaction in which the concentra-
tions of reactants show chaotic
behaviour. This may occur when the
reaction involves a large number of
complex interlinked steps. Under
such conditions, it is possible for the
reaction to display unpredictable
changes with time. See also BISTABIL-
ITY; OSCILLATING REACTION.

charcoal A porous form of carbon
produced by the destructive distilla-
tion of organic material. Charcoal
from wood is used as a fuel. All forms
of charcoal are porous and are used
for adsorbing gases and purifying
and clarifying liquids. There are sev-
eral types depending on the source.
Charcoal from coconut shells is a par-
ticularly good gas adsorbent. Animal
charcoal (or bone black) is made by
heating bones and dissolving out the
calcium phosphates and other min-
eral salts with acid. It is used in sugar
refining. Activated charcoal is char-
coal that has been activated for ad-
sorption by steaming or by heating
in a vacuum.



Chargaff’s rule

114

Chargaff’s rule The principle that
in any sample of DNA the amount of
adenine equals the amount of
thymine and the amount of guanine
equals the amount of cytosine. It is a
consequence of *base pairing. The
rule was published in 1950 by the
Austrian-American biochemist Erwin
Chargaff (1905-2002).

charge A property of some *ele-
mentary particles that gives rise to
an interaction between them and
consequently to the host of material
phenomena described as electrical.
Charge occurs in nature in two
forms, conventionally described as
positive and negative in order to dis-
tinguish between the two kinds of in-
teraction between particles. Two
particles that have similar charges
(both negative or both positive) inter-
act by repelling each other; two par-
ticles that have dissimilar charges
(one positive, one negative) interact
by attracting each other.

The natural unit of negative charge
is the charge on an *electron, which
is equal but opposite in effect to the
positive charge on the proton. Large-
scale matter that consists of equal
numbers of electrons and protons is
electrically neutral. If there is an ex-
cess of electrons the body is nega-
tively charged; an excess of protons
results in a positive charge. A flow of
charged particles, especially a flow
of electrons, constitutes an electric
current. Charge is measured in
coulombs, the charge on an electron
being 1.602 x 101° coulombs.

charge carrier The entity that
transports electric charge in an elec-
tric current. The nature of the carrier
depends on the type of conductor: in
metals, the charge carriers are elec-
trons; in *semiconductors the carri-
ers are electrons (n-type) or positive
*holes (p-type); in gases the carriers
are positive ions and electrons; in

electrolytes they are positive and
negative ions.

charge density 1. The electric
charge per unit volume of a medium
or body (volume charge density).

2. The electric charge per unit sur-
face area of a body (surface charge
density).

charge-transfer complex A
chemical compound in which there
is weak coordination involving the
transfer of charge between two mol-
ecules. An example is phenoquinone,
in which the phenol and quinone
molecules are not held together by
formal chemical bonds but are asso-
ciated by transfer of charge between
the compounds’ aromatic ring sys-
tems.

Charles, Jacques Alexandre
César (1746-1823) French chemist
and physicist, who became professor
of physics at the Paris Conservatoire
des Arts et Métiers. He is best re-
membered for discovering *Charles’
law (1787), relating to the volume
and temperature of a gas. In 1783 he
became the first person to make an
ascent in a hydrogen balloon.

Charles’ law The volume of a fixed
mass of gas at constant pressure ex-
pands by a constant fraction of its
volume at 0°C for each Celsius de-
gree or kelvin its temperature is
raised. For any *ideal gas the fraction
is approximately 1/273. This can be
expressed by the equation V=V,(1 +
t[273), where Vj is the volume at 0°C
and Vis its volume at ¢°C. This is
equivalent to the statement that the
volume of a fixed mass of gas at con-
stant pressure is proportional to its
thermodynamic temperature, V =kT,
where k is a constant. The law re-
sulted from experiments begun
around 1787 by Jacques *Charles but
was properly established only by the
more accurate results published in
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1802 by Joseph *Gay-Lussac. Thus the
law is also known as Gay-Lussac’s
law. An equation similar to that
given above applies to pressures for
ideal gases: p = py(1 + t/273), a rela-
tionship known as Charles’ law of
pressures. See also GAS LAWS.

cheddite Any of a group of high ex-
plosives made from nitro compounds
mixed with sodium or potassium
chlorate.

chelate An inorganic complex in
which a *ligand is coordinated to a
metal ion at two (or more) points, so
that there is a ring of atoms includ-
ing the metal. The process is known
as chelation. Chelating agents are
classified according to the number of
points at which they can coordinate.
A ligand such as diaminoethane
(H,N(CH,),NH,), which can coordi-
nate at two points, is said to be
bidentate. The angle made between
two bonds coordinating to a metal
atom is the bite angle of the ligand.
See also SEQUESTRATION.

HC—
2

S
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\ P
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chelate effect The effect in which
a chelate complex is generally more
stable than the analogous complex
formed with monodentate ligands.
For example, the complex ion [Cu(en)
(OH,),J?* is more stable than the com-
plex ion [Cu(NH;), (OH,),J**. Here, en
denotes the bidentate ethylene di-
amine (1,2-diaminoethane) ligand.
The main cause of the chelate effect
is the effect of reaction entropy
when the complex is formed. Thus,
the reaction

[Cu(OH,)¢|** + en — [Cu(en)(OH,), +
2H,0
results in a net increase in the num-
ber of molecules (from 2 to 3). The
reaction
[Cu(OH,)g|** + 2NH; —
Cu(NH;)2(OH,), + 2H,0
involves no net increase in the num-
ber of molecules. As a result, the
chelate reaction has a larger reaction
entropy and is more favourable.

cheletropic reaction A type of ad-
dition reaction in which a conjugated
molecule forms two single bonds
from terminal atoms of the conju-
gated system to a single atom on an-
other molecule to give a cyclic
adduct. Cheletropic reactions are
types of *pericyclic reaction.

ChemDraw A widely used chemi-

cal drawing and modelling program

produced by CambridgeSoft.

[ @) see wes uncs ]

e The CambridgeSoft website, giving
details about ChemDraw and associated
software

chemical bond A strong force of
attraction holding atoms together in
a molecule or crystal. Typically chem-
ical bonds have energies of about
1000 k] mol-! and are distinguished
from the much weaker forces be-
tween molecules (see VAN DER WAALS’
FORCE). There are various types.

lonic (or electrovalent) bonds can be
formed by transfer of electrons. For
instance, the calcium atom has an
electron configuration of [Ar]4s?, i.e.
it has two electrons in its outer shell.
The chlorine atom is [Ne|3s23p>, with
seven outer electrons. If the calcium
atom transfers two electrons, one to
each chlorine atom, it becomes a
Ca?* ion with the stable configura-
tion of an inert gas [Ar]. At the same
time each chlorine, having gained
one electron, becomes a Cl- ion, also
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with an inert-gas configuration [Ar].
The bonding in calcium chloride is
the electrostatic attraction between
the ions.

Covalent bonds are formed by shar-
ing of valence electrons rather than
by transfer. For instance, hydrogen
atoms have one outer electron (1s?).
In the hydrogen molecule, H,, each
atom contributes 1 electron to the
bond. Consequently, each hydrogen
atom has control of 2 electrons - one
of its own and the second from the
other atom - giving it the electron
configuration of an inert gas [He]. In
the water molecule, H,O, the oxygen
atom, with six outer electrons, gains
control of an extra two electrons sup-
plied by the two hydrogen atoms.
This gives it the configuration [Ne].
Similarly, each hydrogen atom gains
control of an extra electron from the
oxygen, and has the [He] electron
configuration.

A particular type of covalent bond
is one in which one of the atoms sup-
plies both the electrons. These are
known as coordinate (semipolar or
dative) bonds, and written A—B,
where the direction of the arrow de-
notes the direction in which elec-
trons are donated.

Covalent or coordinate bonds in
which one pair of electrons is shared
are electron-pair bonds and are
known as single bonds. Atoms can
also share two pairs of electrons to
form double bonds or three pairs in
triple bonds. See ORBITAL.

In a compound such as sodium
chloride, Na*Cl-, there is probably
complete transfer of electrons in
forming the ionic bond (the bond is
said to be heteropolar). Alternatively,
in the hydrogen molecule H-H, the
pair of electrons is equally shared be-
tween the two atoms (the bond is ho-
mopolar). Between these two
extremes, there is a whole range of
intermediate bonds, which have both

ionic and covalent contributions.
Thus, in hydrogen chloride, H-CI,
the bonding is predominantly cova-
lent with one pair of electrons shared
between the two atoms. However,
the chlorine atom is more elec-
tronegative than the hydrogen and
has more control over the electron
pair; i.e. the molecule is polarized
with a positive charge on the hydro-
gen and a negative charge on the
chlorine, forming a *dipole. See also
BANANA BOND; HYDROGEN BOND;
METALLIC BOND; MULTICENTRE BOND;
MULTIPLE BOND.

chemical cell See cELL.

chemical combination The com-
bination of elements to give com-
pounds. There are three laws of
chemical combination.

(1) The law of constant composition
states that the proportions of the el-
ements in a compound are always
the same, no matter how the com-
pound is made. It is also called the
law of constant proportions or
definite proportions.

(2) The law of multiple proportions
states that when two elements A and
B combine to form more than one
compound, then the masses of B that
combine with a fixed mass of A are
in simple ratio to one another. For
example, carbon forms two oxides.
In one, 12 grams of carbon is com-
bined with 16 grams of oxygen (CO);
in the other 12 g of carbon is com-
bined with 32 grams of oxygen (CO,).
The oxygen masses combining with a
fixed mass of carbon are in the ratio
16:32, i.e. 1:2.

(3) The law of equivalent proportions
states that if two elements A and B
each form a compound with a third
element C, then a compound of A
and B will contain A and B in the rel-
ative proportions in which they react
with C. For example, sulphur and
carbon both form compounds with
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hydrogen. In methane 12 g of carbon
react with 4 g of hydrogen. In hydro-
gen sulphide, 32 g of sulphur react
with 2 g of hydrogen (i.e. 64 g of S for
4 g of hydrogen). Sulphur and carbon
form a compound in which the C:S
ratio is 12:64 (i.e. CS,). The law is
sometimes called the law of recipro-
cal proportions.

chemical dating An absolute *dat-
ing technique that depends on meas-
uring the chemical composition of a
specimen. Chemical dating can be
used when the specimen is known to
undergo slow chemical change at a
known rate. For instance, phosphate
in buried bones is slowly replaced by
fluoride ions from the ground water.
Measurement of the proportion of
fluorine present gives a rough esti-
mate of the time that the bones have
been in the ground. Another, more
accurate, method depends on the
fact that amino acids in living organ-
isms are L-optical isomers. After
death, these racemize and the age of
bones can be estimated by measuring
the relative amounts of D- and -
amino acids present. See AMINO ACID
RACEMIZATION.

chemical engineering The study
of the design, manufacture, and oper-
ation of plant and machinery in in-
dustrial chemical processes.

chemical equation A way of de-
noting a chemical reaction using the
symbols for the participating parti-
cles (atoms, molecules, ions, etc.); for
example,

XA +yB — zC+wD

The single arrow is used for an irre-
versible reaction; double arrows (=)
are used for reversible reactions.
When reactions involve different
phases it is usual to put the phase in
brackets after the symbol (s = solid; 1
=liquid; g = gas; aq = aqueous). The
numbers x, y, z, and w, showing the

relative numbers of molecules react-
ing, are called the stoichiometric
coefficients. The sum of the coeffi-
cients of the reactants minus the
sum of the coefficients of the prod-
ucts (x + y - z - win the example) is
the stoichiometric sum. If this is zero
the equation is balanced. Sometimes
a generalized chemical equation is
considered

VIAL VAL o L VA

VistAne -

In this case the reaction can be writ-
ten Xv;A; = 0, where the convention is
that stoichiometric coefficients are
positive for reactants and negative
for products. The stoichiometric sum
is Zv;.

chemical equilibrium A re-
versible chemical reaction in which
the concentrations of reactants and
products are not changing with time
because the system is in thermody-
namic equilibrium. For example, the
reversible reaction

3H, + N, == 2NH;
is in chemical equilibrium when the
rate of the forward reaction

3H, + N, — 2NH,
is equal to the rate of the back reac-
tion

2NH, — 3H, + N,
See also EQUILIBRIUM CONSTANT.

chemical equivalent See EQuIVA-
LENT WEIGHT.

chemical fossil Any of various or-
ganic compounds found in ancient
geological strata that appear to be
biological in origin and are assumed
to indicate that life existed when the
rocks were formed. The presence of
chemical fossils in Archaean strata
indicates that life existed over 3000
million years ago.

chemically induced dynamic nu-
clear polarization See cIDNP.
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chemical markup language
(CML) A markup language used to
express chemical information. CML is
an extension of XML (extensible
markup language), which is widely
used to store and transfer text. A par-
ticular feature of XML is the use of
tags to identify different types of in-
formation. These are commonly in
angle brackets. In the text version of
this dictionary, for example, head-
words are surrounded by the tags
<hw>...</hw>, cross references are
identified by <xr>...</xr>, etc. In
CML, there are tags for many differ-
ent types of chemical information.
For example, structures can be repre-
sented by tagged data giving the
atoms and their coordinates in two
or three dimensions. Reactions can
also be indicated, as well as data for
spectra and other properties.
[ @) sce wes s ]
e An FAQ produced by the Chemistry
Department, Cambridge University

chemical potential Symbol: . For
a given component in a mixture, the
coefficient 0G/on, where G is the
Gibbs free energy and n the amount
of substance of the component. The
chemical potential is the change in
Gibbs free energy with respect to
change in amount of the component,
with pressure, temperature, and
amounts of other components being
constant. Components are in equilib-
rium if their chemical potentials are
equal.

chemical reaction A change in
which one or more chemical el-
ements or compounds (the reactants)
form new compounds (the products).
All reactions are to some extent re-
versible; i.e. the products can also
react to give the original reactants.
However, in many cases the extent of
this back reaction is negligibly small,
and the reaction is regarded as irre-
versible.

chemical shift A change in the
normal wavelength of absorption or
emission of electromagnetic wave-
length in a process in which there is
a nuclear energy change (as in the
*Mossbauer effect and *nuclear mag-
netic resonance) or a change in elec-
tron energy levels in the inner shells
of an atom (as in X-ray *photoelec-
tron spectroscopy).

chemical warfare The use of toxic
chemical substances in warfare or
military operations. A large number
of chemicals have been designed or
used for warfare, including pul-
monary agents (chlorine, *carbonyl
chloride, *diphosgene), blister
agents, (*lewisite, *sulphur mustard,
*nitrogen mustard), and the *nerve
agents. Chemical warfare agents are
classified as weapons of mass destruc-
tion by the United Nations. See also
CHEMICAL WEAPONS CONVENTION.

Chemical Weapons Convention
An agreement dating from 1993 on
the production, stockpiling, and use
of chemical weapons (see CHEMICAL
WARFARE). It came into force in 1997
and is administered by the Organiza-
tion for the Prohibition of Chemical
Weapons (OPCW).
[ @) see wes uncs ]
e The OPCW website, giving details of the
convention

chemiluminescence See LUMINES-
CENCE.

chemiosmotic theory A theory
postulated by the British biochemist
Peter Mitchell (1920-92) to explain
the formation of ATP in the mito-
chondrial *electron transport chain.
As electrons are transferred along
the electron carrier system in the
inner mitochondrial membrane, hy-
drogen ions (protons) are actively
transported (via *hydrogen carriers)
into the space between the inner and
outer mitochondrial membranes,



119 Chinese white
2Hf ——— » 2" ——» 2H"  ——» inner mitochondrial
T T T membrane
NADH cytochrome cytochrome
dehydrogenase b-c1 complex oxidase

Chemiosmotic theory

which thus contains a higher concen-
tration of protons than the matrix.
This creates an electrochemical gra-
dient across the inner membrane,
down which protons move back into
the matrix. This movement occurs
through special channels associated
with ATP synthetase, the enzyme
that catalyses the conversion of ADP
to ATP, and is coupled with the phos-
phorylation of ADP. A similar gradi-
ent is created across the thylakoid
membranes of chloroplasts during
the light-dependent reactions of
*photosynthesis.

chemisorption See ADSORPTION.

chemistry The study of the el-
ements and the compounds they
form. Chemistry is mainly concerned
with effects that depend on the outer
electrons in atoms. See BIOCHEMISTRY;
GEOCHEMISTRY; INORGANIC CHEM-
ISTRY; ORGANIC CHEMISTRY; PHYSICAL
CHEMISTRY.

chemoinformatics The branch of
chemistry concerned with methods
of representing molecules and reac-
tions and with the design and use of
databases for storing chemical infor-
mation.

ChemSketch A commonly used
chemical drawing program for 2D
and 3D structures, copyright of Ad-
vanced Chemistry Development, Inc.
The program has certain additional

mitochondrial matrix

3ADP + P

3 ATP

features including calculation of mo-

lecular weight, calculation of per-

centages of elements present, [UPAC

name generation, and viewing in Ras-

Mol.

[ @) see wes Lives ]

¢ Details and download from Advanced
Chemistry Development website

chert See FLINT.

Chile saltpetre A commercial min-
eral largely composed of *sodium ni-
trate from the caliche deposits in
Chile. Before the ammonia-oxidation
process for nitrates most imported
Chilean saltpetre was used by the
chemical industry; its principal use
today is as an agricultural source of
nitrogen.

Chime A plug-in that allows chemi-
cal structures to be displayed within
a web page. The structures, which
are embedded as mol files, can be
viewed interactively; i.e. they can be
rotated, expanded, exported, and
rendered in *RasMol. The program is
the copyright of MDL Information
Systems, Inc., and is available free
(subject to a license agreement).
[ @) e wes unks ]
¢ A downloadable version of Chime at
the MDL website (free registration
required)

china clay See KAOLIN.
Chinese white See ZINC OXIDE.
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chirality The property of existing
in left- and right-handed structural
forms. See OPTICAL ACTIVITY.

chirality element The part of a
molecule that makes it exist in left-
and right-handed forms. In most
cases this is a chirality centre (i.e. an
asymmetric atom). In certain cases
the element is a chirality axis. For ex-
ample, in allenenes of the type
R,R,C=C=CR;R, the C=C=C chain is a
chirality axis. Certain ring com-
pounds may display chirality as a re-
sult of a chirality plane in the
molecule.

chirooptical spectroscopy Spec-
troscopy making use of the proper-
ties of chiral substances when they
interact with polarized light of vari-
ous wavelengths. Optical rotatory
dispersion (the change of optical rota-
tion with wavelength) and *circular
dichroism are old examples of chi-
rooptical spectroscopy. More recent
types of chirooptical spectroscopy are
vibrational optical rotatory disper-
sion, vibrational circular dichroism.
(VCD), and Raman optical activity
(ROA), which are all the result of

the interaction between chiral sub-
stances and polarized infrared
electromagnetic radiation; these
techniques are known as vibrational
optical activity (VOA), as they are as-
sociated with transitions in the vibra-
tional energy levels in the electronic
ground state of a molecule. Chiro-
optical spectroscopy is used in the
analysis of the structure of mol-
ecules.

chitin A *polysaccharide compris-
ing chains of N-acetyl-p-glucosamine,
a derivative of glucose. Chitin is
structurally very similar to cellulose
and serves to strengthen the support-
ing structures of various inverte-
brates. It also occurs in fungi.

chloral See TRICHLOROETHANAL.

chloral hydrate See 2,2,2-
TRICHLOROETHANEDIOL.

chlorates Salts of the chloric acids;
i.e. salts containing the ions ClO~
(chlorate(I) or hypochlorite), C10,~
(chlorate(III) or chlorite), C105™ (chlo-
rate(V)), or ClO, (chlorate(VII) or per-
chlorate). When used without
specification of an oxidation state the
term ‘chlorate’ refers to a chlorate(V)
salt.

chloric acid Any of the oxoacids of
chlorine: *chloric(I) acid, *chloric(III)
acid, *chloric(V) acid, and
*chloric(VII) acid. The term is com-
monly used without specification of
the oxidation state of chlorine to
mean chloric(V) acid, HCIO;.

chloric(l) acid (hypochlorous acid)
A liquid acid that is stable only in so-
lution, HOCL It may be prepared by
the reaction of chlorine with an agi-
tated suspension of mercury(Il) oxide.
Because the disproportionation of
the ion ClO- is slow at low tempera-
tures chloric(I) acid may be produced,
along with chloride ions by the reac-
tion of chlorine with water at 0°C. At
higher temperatures disproportiona-
tion to the chlorate(V) ion, ClO5",
takes place. Chloric(I) acid is a very
weak acid but is a mild oxidizing
agent and is widely used as a bleach-
ing agent.

chloric(lll) acid (chlorous acid) A
pale-yellow acid known only in solu-
tion, HCIO,. It is formed by the reac-
tion of chlorine dioxide and water
and is a weak acid and an oxidizing
agent.

chloric(V) acid (chloric acid) A
colourless unstable liquid, HCIOg; r.d.
1.2; m.p. <-20°C; decomposes at
40°C. It is best prepared by the reac-
tion of barium chlorate with sul-
phuric acid although chloric(V) acid
is also formed by the disproportiona-
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tion of chloric(I) acid in hot solutions.
It is both a strong acid and a power-
ful oxidizing agent; hot solutions of
the acid or its salts have been known
to detonate in contact with readily
oxidized organic material.

chloric(VII) acid (perchloric acid)
An unstable liquid acid, HCIO,4; r.d.
1.76; m.p. -112°C; b.p. 39°C (50
mmHg); explodes at about 90°C at at-
mospheric pressure. There is also a
monohydrate (r.d. 1.88 (solid), 1.77
(liquid); m.p. 48°C; explodes at about
110°C) and a dihydrate (r.d. 1.65; m.p.
-17.8°C; b.p. 200°C). Commercial
chloric(VII) acid is a water azeotrope,
which is 72.5% HClO,, boiling at
203°C. The anhydrous acid may be
prepared by vacuum distillation of
the concentrated acid in the presence
of magnesium perchlorate as a dehy-
drating agent. Chloric(VII) acid is
both a strong acid and a strong oxi-
dizing agent. It is widely used to de-
compose organic materials prior to
analysis, e.g. samples of animal or
vegetable matter requiring heavy-
metal analysis.

chloride See HALIDE.

chlorination 1. A chemical reac-
tion in which a chlorine atom is in-
troduced into a compound. See
HALOGENATION. 2. The treatment of
water with chlorine to disinfect it.

chlorine Symbol Cl. A *halogen el-
ement; a.n. 17; r.a.m. 35.453; d. 3.214
g dm=3; m.p. -100.98°C; b.p. -34.6°C.
It is a poisonous greenish-yellow

gas and occurs widely in nature as
sodium chloride in seawater and as
halite (NaCl), carnallite (KCL.MgCl,.
6H,0), and sylvite (KCl). It is manu-
factured by the electrolysis of brine
and also obtained in the *Downs
process for making sodium. It has
many applications, including the
chlorination of drinking water,

bleaching, and the manufacture of a
large number of organic chemicals.
It reacts directly with many el-
ements and compounds and is a
strong oxidizing agent. Chlorine
compounds contain the element in
the 1, 3, 5, and 7 oxidation states. It
was discovered by Karl Scheele in
1774 and Humphry Davy confirmed
it as an element in 1810.
[ @) see wes unks ]
¢ Information from the WebElements site
chlorine dioxide A yellowish-red
explosive gas, ClO,; d. 3.09 g dm3;
m.p. -59.5°C; b.p. 9.9°C. It is soluble
in cold water but decomposed by hot
water to give chloric(VII) acid, chlo-
rine, and oxygen. Because of its high
reactivity, chlorine dioxide is best
prepared by the reaction of sodium
chlorate and moist oxalic acid at
90°-100°C, as the product is then di-
luted by liberated carbon dioxide.
Commercially the gas is produced by
the reaction of sulphuric acid con-
taining chloride ions with sulphur
dioxide. Chlorine dioxide is widely
used as a bleach in flour milling and
in wood pulping and also finds appli-
cation in water purification.

chlorine monoxide See DICHLO-
RINE OXIDE.

chlorite 1. See CHLORATES. 2. A
group of layered silicate minerals,
usually green or white in colour, that
are similar to the micas in structure
and crystallize in the monoclinic
system. Chlorites are composed of
complex silicates of aluminium,
magnesium, and iron in combina-
tion with water, with the formula
(Mg,AlFe);5(51,Al)g0,0(OH),6. They are
most common in low-grade meta-
morphic rocks and also occur as sec-
ondary minerals in igneous rocks as
alteration products of pyroxenes, am-
phiboles, and micas. The term is de-
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rived from chloros, the Greek word
for green.

chloroacetic acids See cHLORO-
ETHANOIC ACIDS.

chlorobenzene A colourless highly
flammable liquid, C¢H5Cl; r.d. 1.106;
m.p. -45.43°C; b.p. 131.85°C. It is pre-
pared by the direct chlorination of
benzene using a halogen carrier (see
FRIEDEL-CRAFTS REACTION), OF manu-
factured by the *Raschig process. It

is used mainly as an industrial sol-
vent.

2-chlorobuta-1,3-diene (chloro-
prene) A colourless liquid chlori-
nated diene, CH,:CCICH:CH,; r.d.
0.96; b.p. 59°C. It is polymerized to
make synthetic rubbers (e.g. neo-
prene).

chlorocruorin A greenish iron-con-
taining respiratory pigment that oc-
curs in the blood of polychaete
worms. It closely resembles *haemo-
globin.

chloroethane (ethyl chloride) A
colourless flammable gas, C,HsCl;
m.p. -136.4°C; b.p. 12.3°C. It is made
by reaction of ethene and hydrogen
chloride and used in making lead
tetraethyl for petrol.

chloroethanoic acids (chloroacetic
acids) Three acids in which hydro-
gen atoms in the methyl group of
ethanoic acid have been replaced by
chlorine atoms. They are: mono-
chloroethanoic acid (CH,CICOOH);
dichloroethanoic acid (CHCI,COOH);
trichloroethanoic acid (CC1;COOH).
The presence of chlorine atoms in
the methyl group causes electron
withdrawal from the COOH group
and makes the chloroethanoic acids
stronger acids than ethanoic acid it-
self. The K, values (in moles dm= at
25°C) are

CH;COOH 1.7 x 10~

CH,CICOOH 1.3 x 1073

CHCLCOOH 5.0 x 102
CCL,COOH 2.3 x 10!

chloroethene (vinyl chloride) A
gaseous compound, CH,:CHCI; r.d.
0.911; m.p. -153.8°C; b.p. -13.37°C. It
is made by chlorinating ethene to
give dichloroethane, then removing
HCI:

C,H, + Cl, —» CH,CICH,Cl —

CH,CHC1

The compound is used in making
PVC.

chlorofluorocarbon (CFC) A type
of compound in which some or all of
the hydrogen atoms of a hydrocar-
bon (usually an alkane) have been re-
placed by chlorine and fluorine
atoms. Most chlorofluorocarbons are
chemically unreactive and are stable
at high temperatures. They are used
as aerosol propellants, refrigerants,
and solvents, and in the manufacture
of rigid packaging foam. A com-
monly encountered commercial
name for these compounds is freon,
e.g. freon 12 is dichlorodifluoro-
methane (CCLF,). Chlorofluoro-
carbons, because of their chemical
inertness, can diffuse unchanged into
the upper atmosphere. Here, photo-
chemical reactions cause them to
break down and react with ozone (see
OZONE LAYER). For this reason, their
use has been discouraged.

chloroform See TRICHLORO-
METHANE.

chloromethane (methyl chloride)
A colourless flammable gas, CH;Cl;
r.d. 0.916; m.p. -97.1°C; b.p. -24.2°C.
It is a *haloalkane, made by direct
chlorination of methane and used as
a local anaesthetic and refrigerant.

chlorophenol Any of the various
compounds produced by chlorinating
a *phenol. Chlorophenols are fairly
acidic and have many uses, including
antiseptics, disinfectants, herbicides,
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insecticides, and wood preservatives,
and in making dyes. They form con-
densation polymers of the bakelite
type with methanal.

chlorophyll One of a number of
pigments, including (chlorophyll a
and chlorophyll b), that are responsi-
ble for the green colour of most
plants. Chlorophyll molecules are the
principal sites of light absorption in
the light-dependent reactions of
*photosynthesis. They are magne-
sium-containing *porphyrins, chemi-
cally related to *cytochrome and
*haemoglobin.

CHCH, CH

3

hydrocarbon
(phytol) chain

Chlorophyll

chloroplatinic acid A reddish crys-
talline compound, H,PtCls, made by
dissolving platinum in aqua regia.

chloroprene See 2-CHLOROBUTA-1,3-
DIENE.

chlorosulphanes Sce DISULPHUR
DICHLORIDE.

chlorous acid See CHLORIC(IIT) ACID.
choke damp See BLACKDAMP.
cholecalciferol See viTamIN D.

cholesteric crystal A type of *lig-

uid crystal in which molecules lie in
sheets at angles that change by a
small amount between each sheet.
The pitch of the helix so formed is
similar to the wavelength of visible
light. Cholesteric liquid crystals
therefore diffract light and have
colours that depend on the tempera-
ture. (The word cholesteric is derived
from the Greek for bile solid.)

cholesterol A *sterol occurring
widely in animal tissues and also in
some higher plants and algae. It can
exist as a free sterol or esterified with
a long-chain fatty acid. Cholesterol is
absorbed through the intestine or
manufactured in the liver. It serves
principally as a constituent of blood
plasma lipoproteins and of the
lipid-protein complexes that form
cell membranes. It is also important
as a precursor of various steroids, es-
pecially the bile acids, sex hormones,
and adrenocorticoid hormones. The
derivative 7-dehydrocholesterol is
converted to vitamin D; by the action
of sunlight on skin. Increased levels
of dietary and blood cholesterol have
been associated with atherosclerosis,
a condition in which lipids accumu-
late on the inner walls of arteries and
eventually obstruct blood flow.

choline An amino alcohol,
CH,OHCH,N(CHj,);0H. It occurs
widely in living organisms as a
constituent of certain types of
phospholipids - the lecithins and
sphingomyelins - and in the neuro-
transmitter *acetylcholine. It is
sometimes classified as a member
of the vitamin B complex.

chromate A salt containing the ion
CrO 2.

chromatogram A record obtained
by *chromatography. The term is ap-
plied to the developed records of
*paper chromatography and *thin-
layer chromatography and also to the
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graphical record produced in *gas
chromatography.

chromatography A technique for
analysing or separating mixtures of
gases, liquids, or dissolved sub-
stances. The original technique (in-
vented by the Russian botanist
Mikhail Tsvet in 1906) is a good ex-
ample of column chromatography. A
vertical glass tube is packed with an
adsorbing material, such as alumina.
The sample is poured into the col-
umn and continuously washed
through with a solvent (a process
known as elution). Different compo-
nents of the sample are adsorbed to
different extents and move down the
column at different rates. In Tsvet’s
original application, plant pigments
were used and these separated into
coloured bands in passing down the
column (hence the name chromatog-
raphy). The usual method is to collect
the liquid (the eluate) as it passes out
from the column in fractions.

In general, all types of chromatog-
raphy involve two distinct phases -
the stationary phase (the adsorbent
material in the column in the exam-
ple above) and the moving phase (the
solution in the example). The separa-
tion depends on competition for mol-
ecules of sample between the
moving phase and the stationary
phase. The form of column chro-
matography above is an example of
adsorption chromatography, in
which the sample molecules are ad-
sorbed on the alumina. In partition
chromatography, a liquid (e.g. water)
is first absorbed by the stationary
phase and the moving phase is an
immiscible liquid. The separation is
then by *partition between the two
liquids. In ion-exchange chromatog-
raphy (see ION EXCHANGE), the process
involves competition between differ-
ent ions for ionic sites on the station-
ary phase. *Gel filtration is another

chromatographic technique in which
the size of the sample molecules is
important.

See also AFFINITY CHROMATOG-
RAPHY; GAS CHROMATOGRAPHY; HIGH-
PERFORMANCE LIQUID CHROMATOGRA-
PHY; PAPER CHROMATOGRAPHY; Ry
VALUE; THIN-LAYER CHROMATOGRAPHY.

chrome alum See POTASSIUM
CHROMIUM SULPHATE.

chrome iron ore A mixed
iron-chromium oxide, FeO.Cr,0s,
used to make ferrochromium for
chromium steels.

chrome red A basic lead chromate,
PbO.PbCrO,, used as a red pigment.

chrome yellow Lead chromate,
PbCrO,, used as a pigment.

chromic acid A hypothetical acid,
H,CrO,4, known only in chromate
salts.

chromic anhydride See cHro-
MIUM(VI) OXIDE.

chromic compounds Compounds
containing chromium in a higher (+3
or +6) oxidation state; e.g. chromic
oxide is chromium(VI) oxide (CrOs).

chromite A spinel mineral,
FeCr,0,; the principal ore of chro-
mium. It is black with a metallic
lustre and usually occurs in massive
form. It is a common constituent of
peridotites and serpentines. The
chief producing countries are
Turkey, South Africa, Russia, the
Philippines, and Zimbabwe.

chromium Symbol Cr. A hard sil-
very *transition element; a.n. 24;
r.a.m. 52.00; r.d. 7.19; m.p. 1857°C;
b.p. 2672°C. The main ore is
chromite (FeCr,0,). The metal has a
body-centred-cubic structure. It is ex-
tracted by heating chromite with
sodium chromate, from which
chromium can be obtained by elec-
trolysis. Alternatively, chromite can
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be heated with carbon in an electric
furnace to give ferrochrome, which
is used in making alloy steels. The
metal is also used as a shiny decora-
tive electroplated coating and in the
manufacture of certain chromium
compounds.

At normal temperatures the metal
is corrosion-resistant. It reacts with
dilute hydrochloric and sulphuric
acids to give chromium(II) salts.
These readily oxidize to the more sta-
ble chromium(III) salts. Chromium
also forms compounds with the +6
oxidation state, as in chromates,
which contain the CrO,? ion. The el-
ement was discovered in 1797 by
Vauquelin.

(@) see wes s J

e Information from the WebElements site
chromium dioxide Sece cHRrO-
MIUM(IV) OXIDE.

chromium(ll) oxide A black insol-
uble powder, CrO. Chromium(II)
oxide is prepared by oxidizing
chromium amalgam with air. At high
temperatures hydrogen reduces it to
the metal.

chromium(lll) oxide (chromium
sesquioxide) A green crystalline
water-insoluble salt, Cr,05; r.d. 5.21;
m.p. 2435°C; b.p. 4000°C. It is ob-
tained by heating chromium in a
stream of oxygen or by heating am-
monium dichromate. The industrial
preparation is by reduction of
sodium dichromate with carbon.
Chromium(III) oxide is amphoteric,
dissolving in acids to give chro-
mium(Ill) ions and in concentrated
solutions of alkalis to give chromites.
It is used as a green pigment in glass,
porcelain, and oil paint.

chromium(lV) oxide (chromium
dioxide) A black insoluble powder,
CrO,; m.p. 300°C. It is prepared by
the action of oxygen on
chromium(VI) oxide or chromium(III)

oxide at 420-450°C and 200-300 at-
mospheres. The compound is unsta-
ble.

chromium(VI) oxide (chromium
trioxide; chromic anhydride) A red
compound, CrO;; rthombic; r.d. 2.70;
m.p. 196°C. It can be made by careful
addition of concentrated sulphuric
acid to an ice-cooled concentrated
aqueous solution of sodium dichro-
mate with stirring. The mixture is
then filtered through sintered glass,
washed with nitric acid, then dried at
120°C in a desiccator.

Chromium(VI) oxide is an ex-
tremely powerful oxidizing agent,
especially to organic matter; it im-
mediately inflames ethanol. It is an
acidic oxide and dissolves in water to
form ‘chromic acid’, a powerful oxi-
dizing agent and cleansing fluid for
glassware. At 400°C, chromium(VI)
oxide loses oxygen to give
chromium(IIl) oxide.

chromium potassium sulphate
A red crystalline solid,
K,S0,.Cr,(S0,4);5.24H,0; r.d. 1.91. It is
used as a mordant See also ALUMS.

chromium sesquioxide See
CHROMIUM(III) OXIDE.

chromium steel Any of a group of
*stainless steels containing 8-25% of
chromium. A typical chromium steel
might contain 18% of chromium, 8%
of nickel, and 0.15% of carbon.
Chromium steels are highly resistant
to corrosion and are used for cutlery,
chemical plant, ball bearings, etc.

chromium trioxide See
CHROMIUM(VI) OXIDE.

chromophore A group causing col-
oration in a *dye. Chromophores are
generally groups of atoms having de-
localized electrons.

chromous compounds Com-
pounds containing chromium in its
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lower (+2) oxidation state; e.g. chro-
mous chloride is chromium(II) chlo-
ride (CrCl,).

chromyl chloride (chromium oxy-
chloride) A dark red liquid, CrO,Cl,;
r.d. 1.911; m.p. -96.5°C; b.p. 117°C. It
is evolved as a dark-red vapour on ad-
dition of concentrated sulphuric acid
to a mixture of solid potassium
dichromate and sodium chloride; it
condenses to a dark-red covalent lig-
uid, which is immediately hydrolysed
by solutions of alkalis to give the yel-
low chromate. Since bromides and
iodides do not give analogous com-
pounds this is a specific test for
chloride ions. The compound is a
powerful oxidizing agent, exploding
on contact with phosphorus and in-
flaming sulphur and many organic
compounds.

chrysotile See SERPENTINE.
Cl See COLOUR INDEX.

CIDNP (chemically induced dynamic
nuclear polarization) A mechanism
enabling nuclear spin to influence
the direction of a chemical reaction.
This can occur in certain cases, even
though the gap between energy lev-
els of nuclear spin states in a mag-
netic field is very much smaller than
the dissociation energies of chemical
bonds. Two radicals, the electrons of
which have parallel spins, can only
combine if the conversion of a *trip-
let to a *singlet can take place.In a
magnetic field, a triplet has three
nondegenerate states called T, T,,
and T_. For a triplet-to-singlet conver-
sion to take place, one electron must
precess faster than the other for a
sufficient time to enable a 180° phase
difference to develop. This difference
in precession can arise when the nu-
clear spin interacts with the electron
on the radical, by means of hyperfine
coupling.

cine-substitution A type of substi-
tution reaction in which the entering
group takes a position on an atom
adjacent to the atom to which the
leaving group is attached. See also
TELE-SUBSTITUTION.

cinnabar A bright red mineral
form of mercury(Il) sulphide, HgS,
crystallizing in the hexagonal sys-
tem; the principal ore of mercury. It
is deposited in veins and impregna-
tions near recent volcanic rocks and
hot springs. The chief sources in-
clude Spain, Italy, and Yugoslavia.

cinnamic acid (3-phenylpropenoic
acid) A white crystalline aromatic
*carboxylic acid, CsHsCH:CHCOOH;
r.d. 1.248 (trans isomer); m.p.
135-136°C; b.p. 300°C. Esters of cin-
namic acid occur in some essential
oils.

CIP system (Cahn-Ingold-Prelog
system) A system for the unambigu-
ous description of stereoisomers used
in the R-S convention (see ABSOLUTE
CONFIGURATION) and in the *E-Z con-
vention. The system involves a se-
quence rule for determining a
conventional order of ligands. The
rule is that the atom bonded directly
to the chiral centre or double bond is
considered and the ligand in which
this atom has the highest proton
number takes precedence. So, for ex-
ample, I takes precedence over Cl. If
two ligands have bonding atoms with
the same proton number, then sub-
stituents are taken into account (with
the substituent of highest proton
number taking precedence). Thus,
-C,Hs has a higher precedence than
-CHj;. If a double (or triple) bond oc-
curs to a substituent, then the sub-
stituent is counted twice (or three
times). An isotope of high nucleon
number takes precedence over one
of lower nucleon number. Hydrogen
always has lowest priority in this sys-
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tem. For example, the sequence for
some common ligands is I, Br, Cl,
SO;H, OCOCHj;, OCHj;, OH, NO,, NH,,
COOCH;, CONH,, COCHj3, CHO,
CH,OH, C¢Hs, C,Hs, CH3, H. The sys-
tem was jointly developed by the
British chemists Robert Sidney Cahn
(1899-1981) and Sir Christopher Kelk
Ingold (1893-1970) and the Bosnian-
Swiss chemist Vladimir Prelog (1906-
98).

circular birefringence A phenom-
enon in which there is a difference
between the refractive indices of the
molecules of a substance for right-
and left-circularly polarized light. Cir-
cular birefringence depends on the
way in which the electromagnetic
field interacts with the molecule, and
is affected by the handedness of the
molecule, and hence its polarizabil-
ity. If a molecule has the shape of a
helix, the polarizability is dependent
on whether or not the electric field
of the electromagnetic field rotates in
the same sense as the helix, thus giv-
ing rise to circular birefringence.

circular dichroism (CD) The pro-
duction of an elliptically polarized
wave when a linearly polarized light
wave passes through a substance that
has differences in the extinction
coefficients for left- and right-handed
polarized light. The size of this effect
is given by ¢ = n/A(n; - M), where ¢ is
the ellipticity of the beam that
emerges (in radians), A is the wave-
length of the light, and n; and n, are
the absorption indices of the left- and
right-handed circularly polarized
light, respectively. Circular dichro-
ism is a property of optically active
molecules and is used to obtain infor-
mation about proteins. See also CD
SPECTRUM.

circular polarization See POLARIZA-
TION OF LIGHT.

cis See ISOMERISM; TORSION ANGLE.

[ (@) see wes s ]

¢ Information about IUPAC nomenclature
cisplatin A platinum complex, cis-
[PtCl,(NH;),], used in cancer treat-
ment to inhibit the growth of

tumours. It acts by binding between
strands of DNA.

citrate A salt or ester of citric acid.

citric acid A white crystalline
hydroxycarboxylic acid,
HOOCCH,C(OH)(COOH)CH,COOH;
r.d. 1.54; m.p. 153°C. It is present in
citrus fruits and is an intermediate in
the *Krebs cycle in plant and animal
cells.

citric-acid cycle See KREBS CYCLE.
CL20 See HNIW.

Claisen condensation A reaction
of esters in which two molecules of
the ester react to give a keto ester,
e.g.
2CH;COOR — CH;COCH,COOR
+ ROH

The reaction is catalysed by sodium
ethoxide, the mechanism being simi-
lar to that of the *aldol reaction. It is
named after Ludwig Claisen
(1851-1930).

Clapeyron-Clausius equation A
differential equation that describes
the relationship between variables
when there is a change in the state
of a system. In a system that has two
*phases of the same substance, for
example solid and liquid, heat is
added or taken away very slowly so
that one phase can change reversibly
into the other while the system re-
mains at equilibrium. If the two
phases are denoted A and B, the
Clapeyron-Clausius equation is:
dp/dT = L|T(Vg-V.),
where p is the pressure, T is the ther-
modynamic temperature, L is the
heat absorbed per mole in the
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change from A to B, and V; and V,,
are the volumes of B and A respec-
tively. In the case of a transition from
liquid to vapour, the volume of the
liquid can be ignored. Taking the
vapour to be an *ideal gas, the
Clapeyron-Clausius equation can be
written:

dlog.p/dT = L|RT?
The Clapeyron-Clausius equation is
named after the French engineer
Benoit-Pierre-Emile Clapeyron
(1799-1864) and Rudolf *Clausius.

Clark cell A type of *voltaic cell
consisting of an anode made of zinc
amalgam and a cathode of mercury
both immersed in a saturated solu-
tion of zinc sulphate. The Clark cell
was formerly used as a standard of
e.m.f; the em.f at 15°Cis 1.4345
volts. It is named after the British sci-
entist Hosiah Clark (d. 1898).

Clark process See HARDNESS OF
WATER.

clathrate A solid mixture in which
small molecules of one compound or
element are trapped in holes in the
crystal lattice of another substance.
Clathrates are sometimes called
enclosure compounds or cage com-
pounds, but they are not true com-
pounds (the molecules are not held
by chemical bonds). Quinol and ice
both form clathrates with such sub-
stances as sulphur dioxide and xenon.

Claude process A process for lig-
uefying air on a commercial basis.
Air under pressure is used as the
working substance in a piston en-
gine, where it does external work
and cools adiabatically. This cool air
is fed to a counter-current heat ex-
changer, where it reduces the tem-
perature of the next intake of
high-pressure air. The same air is re-
compressed and used again, and after
several cycles eventually liquefies.

The process was perfected in 1902 by
the French scientist Georges Claude
(1870-1960).

claudetite A mineral form of *ar-
senic(IlI) oxide, As,Og.

Clausius, Rudolf Julius Em-
manuel (1822-88) German physi-
cist, who held teaching posts in
Berlin and Zurich, before going to
Wiirzburg in 1869. He is best known
for formulating the second law of
*thermodynamics in 1850, indepen-
dently of William Thomson (Lord
*Kelvin). In 1865 he introduced the
concept of *entropy, and later con-
tributed to electrochemistry and elec-
trodynamics (see CLAUSIUS-MOSSOTTI
EQUATION).

Clausius inequality An inequality
that relates the change in entropy dS
in an irreversible process to the heat
supplied to the system dQ and the
thermodynamic temperature T, i.e.
dS > dQ/T. In the case of an irre-
versible adiabatic change, where dQ =
0, the Clausius inequality has the
form dS > 0, which means that for
this type of change the entropy of
the system must increase. The in-
equality is named after Rudolf Julius
Emmanuel *Clausius. The Clausius
inequality can be used to demon-
strate that entropy increases in such
processes as the free expansion of a
gas and the cooling of an initially hot
substance.

Clausius-Mossotti equation A
relation between the *polarizability
o of a molecule and the dielectric
constant ¢ of a dielectric substance
made up of molecules with this po-
larizability. The Clausius-Mossotti
equation can be written in the form

o = (3[4nN)/[(e - 1)f(e - 2)],
where N is the number of molecules
per unit volume. The equation pro-
vides a link between a microscopic
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quantity (the polarizability) and a
macroscopic quantity (the dielectric
constant); it was derived using
macroscopic electrostatics by the Ital-
ian physicist Ottaviano Fabrizio
Mossotti (1791-1863) in 1850 and in-
dependently by Rudolf *Clausius in
1879. It works best for gases and is
only approximately true for liquids
or solids, particularly if the dielectric
constant is large. Compare LORENTZ-
LORENZ EQUATION.

Claus process A process for obtain-
ing sulphur from hydrogen sulphide
(from natural gas or crude oil). It in-
volves two stages. First, part of the
hydrogen sulphide is oxidized to sul-
phur dioxide:

2H,S + 30, — 250, + 2H,0

Subsequently, the sulphur dioxide re-
acts with hydrogen sulphide to pro-
duce sulphur:

SO, + 2H,S — 3S + 2H,0

The second stage occurs at 300°C and
needs an iron or aluminium oxide
catalyst.

clay A fine-grained deposit consist-
ing chiefly of *clay minerals. It is
characteristically plastic and virtually
impermeable when wet and cracks
when it dries out. In geology the size
of the constituent particles is usually
taken to be less than 1/256 mm. In
soil science clay is regarded as a soil
with particles less than 0.002 mm in
size.

clay minerals Very small particles,
chiefly hydrous silicates of alu-
minium, sometimes with magne-
sium and/or iron substituting for all
or part of the aluminium, that are
the major constituents of clay ma-
terials. The particles are essentially
crystalline (either platy or fibrous)
with a layered structure, but may be
amorphous or metalloidal. The clay
minerals are responsible for the plas-

tic properties of clay; the particles

have the property of being able to

hold water. The chief groups of clay

minerals are:

kaolinite, Al,Si,O,,(0OH)s, the chief
constituent of *kaolin;

halloysite, Al,Si,(OH)30,,.4H,0;

illite, KA1,(Si,A1)s05.2H,0;

montmorillonite, (Na,Ca)g 33(AlL,Mg),-

Si,0;4(0OH),.nH,0, formed chiefly

through alteration of volcanic ash;
and

vermiculite, (Mg,Fe,Al);(AlSi),-
0,0(0OH),.4H,0, used as an insulat-
ing material and potting soil.

cleavage The splitting of a crystal
along planes of atoms in the lattice.

Clemmensen reduction A
method of reducing a *carbonyl
group (C=0) to CH,, using zinc amal-
gam and concentrated hydrochloric
acid. It is used as a method of ascend-
ing a homologous series. The reac-
tion is named after Erik Clemmensen
(1876-1941).

clinal See TORSION ANGLE.

clock reaction Sece B-z REACTION;
OSCILLATING REACTION.

closed chain See CHAIN; RING.

close packing The packing of
spheres so as to occupy the mini-
mum amount of space. In a single
plane, each sphere is surrounded by
six close neighbours in a hexagonal
arrangement. The spheres in the sec-
ond plane fit into depressions in the
first layer, and so on. Each sphere has
12 other touching spheres. There are
two types of close packing. In hexag-
onal close packing the spheres in the
third layer are directly over those in
the first, etc., and the arrangement of
planes is ABAB.... In cubic close pack-
ing the spheres in the third layer oc-
cupy a different set of depressions
than those in the first. The arrange-
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ment is ABCABC.... See also CUBIC

CRYSTAL.

[ (@) see wes Links ]

* An interactive version of cubic close-
packing

e An interactive version of hexagonal
close packing

closo-structure See BORANE.

club drug A drug typically used by
young people at clubs, parties, etc.
Examples are ecstasy, gammahydrox-
ybutyric acid (GHB), and metham-
phetamines.

Clusius column A device for sepa-
rating isotopes by thermal diffusion.
One form consists of a vertical col-
umn some 30 metres high with a
heated electric wire running along its
axis. The lighter isotopes in a gaseous
mixture of isotopes diffuse faster
than the heavier isotopes. Heated by
the axial wire, and assisted by nat-
ural convection, the lighter atoms
are carried to the top of the column,
where a fraction rich in lighter iso-
topes can be removed for further en-
richment.

cluster compound A compound
in which groups of metal atoms are
joined together by metal-metal
bonds. The formation of such com-
pounds is a feature of the chemistry
of certain elements, particularly
molybdenum and tungsten, but also
vanadium, tantalum, niobium, and
uranium. Isopoly compounds are
ones in which the cluster contains
atoms of the same element; het-
eropoly compounds contain a mix-
ture of different elements.

CML See CHEMICAL MARKUP LAN-
GUAGE.

coacervate An aggregate of macro-
molecules, such as proteins, lipids,
and nucleic acids, that form a stable
*colloid unit with properties that re-
semble living matter. Many are

coated with a lipid membrane and
contain enzymes that are capable of
converting such substances as glu-
cose into more complex molecules,
such as starch. Coacervate droplets
arise spontaneously under appropri-
ate conditions and may have been
the prebiological systems from
which living organisms originated.

coagulation The process in which
colloidal particles come together irre-
versibly to form larger masses. Coag-
ulation can be brought about by
adding ions to change the ionic
strength of the solution and thus
destabilize the colloid (see FLOCCULA-
TION). Ions with a high charge are
particularly effective (e.g. alum, con-
taining Al**, is used in styptics to co-
agulate blood). Another example of
ionic coagulation is in the formation
of river deltas, which occurs when
colloidal silt particles in rivers are co-
agulated by ions in sea water. Alum
and iron (III) sulphate are also used
for coagulation in sewage treatment.
Heating is another way of coagulat-
ing certain colloids (e.g. boiling an
egg coagulates the albumin).

coal A brown or black carbonaceous
deposit derived from the accumula-
tion and alteration of ancient vegeta-
tion, which originated largely in
swamps or other moist environ-
ments. As the vegetation decom-
posed it formed layers of peat, which
were subsequently buried (for exam-
ple, by marine sediments following a
rise in sea level or subsidence of the
land). Under the increased pressure
and resulting higher temperatures
the peat was transformed into coal.
Two types of coal are recognized:
humic (or woody) coals, derived from
plant remains; and sapropelic coals,
which are derived from algae, spores,
and finely divided plant material.

As the processes of coalification (i.e.
the transformation resulting from
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the high temperatures and pressures)
continue, there is a progressive trans-
formation of the deposit: the propor-
tion of carbon relative to oxygen
rises and volatile substances and
water are driven out. The various
stages in this process are referred to
as the ranks of the coal. In ascending
order, the main ranks of coal are: lig-
nite (or brown coal), which is soft,
brown, and has a high moisture con-
tent; subbituminous coal, which is
used chiefly by generating stations;
bituminous coal, which is the most
abundant rank of coal; semibitumi-
nous coal; semianthracite coal, which
has a fixed carbon content of be-
tween 86% and 92%; and anthracite
coal, which is hard and black with a
fixed carbon content of between 92%
and 98%.

Most deposits of coal were formed
during the Carboniferous and Per-
mian periods. More recent periods of
coal formation occurred during the
early Jurassic and Tertiary periods.
Coal deposits occur in all the major
continents; the leading producers in-
clude the USA, China, Ukraine,
Poland, UK, South Africa, India, Aus-
tralia, and Germany. Coal is used as a
fuel and in the chemical industry; by-
products include coke and coal tar.

coal gas A fuel gas produced by the
destructive distillation of coal. In the
late-19th and early-20th centuries
coal gas was a major source of energy
and was made by heating coal in the
absence of air in local gas works. Typ-
ically, it contained hydrogen (50%),
methane (35%), and carbon monoxide
(8%). By-products of the process were
*coal tar and coke. The use of this
type of gas declined with the increas-
ing availability of natural gas, al-
though since the early 1970s interest
has developed in using coal in mak-
ing *SNG.

coal tar A tar obtained from the de-

structive distillation of coal. For-
merly, coal tar was obtained as a by-
product in manufacturing *coal gas.
Now it is produced in making coke
for steel making. The crude tar con-
tains a large number of organic
compounds, such as benzene, naph-
thalene, methylbenzene, phenols,
etc., which can be obtained by distil-
lation. The residue is pitch. At one
time coal tar was the major source of
organic chemicals, most of which are
now derived from petroleum and
natural gas.

cobalamin (vitamin B;,) See VITA-
MIN B COMPLEX.

cobalt Symbol Co. A light-grey
*transition element; a.n. 27; r.a.m.
58.933; r.d. 8.9; m.p. 1495°C; b.p.
2870°C. Cobalt is ferromagnetic
below its Curie point of 1150°C.
Small amounts of metallic cobalt are
present in meteorites but it is usually
extracted from ore deposits worked
in Canada, Morocco, and Zaire. It is
present in the minerals cobaltite,
smaltite, and erythrite but also asso-
ciated with copper and nickel as sul-
phides and arsenides. Cobalt ores are
usually roasted to the oxide and then
reduced with carbon or water gas.
Cobalt is usually alloyed for use. Al-
nico is a well-known magnetic alloy
and cobalt is also used to make stain-
less steels and in high-strength alloys
that are resistant to oxidation at high
temperatures (for turbine blades and
cutting tools).

The metal is oxidized by hot air
and also reacts with carbon, phos-
phorus, sulphur, and dilute mineral
acids. Cobalt salts, usual oxidation
states II and III, are used to give a
brilliant blue colour in glass, tiles,
and pottery. Anhydrous cobalt(II)
chloride paper is used as a qualitative
test for water and as a heat-sensitive
ink. Small amounts of cobalt salts are
essential in a balanced diet for mam-
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mals (see ESSENTIAL ELEMENT). Artifi-
cially produced cobalt-60 is an im-
portant radioactive tracer and
cancer-treatment agent. The element
was discovered by Georg Brandt
(1694-1768) in 1737.

[ §)) see wes Links |

¢ Information from the WebElements site
cobalt(ll) oxide A pink solid, CoO;
cubic; r.d. 6.45; m.p. 1935°C. The ad-
dition of potassium hydroxide to a
solution of cobalt(Il) nitrate gives a
bluish-violet precipitate, which on
boiling is converted to pink impure
cobalt(Il) hydroxide. On heating this
in the absence of air, cobalt(II) oxide
is formed. The compound is readily
oxidized in air to form tricobalt
tetroxide, Co;0,, and is readily re-
duced by hydrogen to the metal.

cobalt(lll) oxide (cobalt sesquiox-
ide) A black grey insoluble solid,
Co,03; hexagonal or rhombic; r.d.
5.18; decomposes at 895°C. It is pro-
duced by the ignition of cobalt ni-
trate; the product however never has
the composition corresponding ex-
actly to cobalt(IIl) oxide. On heating
it readily forms Co30,, which con-
tains both Co(II) and Co(Ill), and is
easily reduced to the metal by hydro-
gen. Cobalt(Ill) oxide dissolves in
strong acid to give unstable brown
solutions of trivalent cobalt salts.
With dilute acids cobalt(II) salts are
formed.

cobalt steel Any of a group of
alloy *steels containing 5-12% of
cobalt, 14-20% of tungsten, usually
with 4% of chromium and 1-2% of
vanadium. They are very hard but
somewhat brittle. Their main use is
in high-speed tools.

cobalt thiocyanate test See
SCOTT’S TEST.

cocaine A powerful drug present in
the leaver of the coca plant (Eryth-

roxylon coca). It stimulates the central
nervous system and has effects simi-
lar to the amphetamines. It was origi-
nally used as a local anaesthetic. The
illegal drug is usually the soluble hy-
drochloride. This can be converted
into the free-base form (known as
crack cocaine) by dissolving in water
and heating with sodium bicarbon-
ate. Cocaine is a class A drug in the
UK. It can be detected by *Scott’s
test.

0]
CH,

Cocaine

cocurrent flow Flow of two fluids
in the same direction with transfer of
matter or heat between them. Com-
pare COUNTERCURRENT FLOW.

codeine An alkaloid C,gH,;NO;
found in opium. It is structurally sim-
ilar to morphine, from which it is
produced, and is used in the form of
the sulphate or phosphate as a
painkiller and cough medicine.
Codeine is converted into morphine
in the liver. It is used to some extent
as a recreational drug. In the UK it is
a class B drug but can be obtained in
composite over-the-counter prepara-
tions in which it has a low concentra-
tion and is combined with paraceta-
mol or ibuprofen. See also OPI0IDS.

coenzyme An organic nonprotein
molecule that associates with an
enzyme molecule in catalysing bio-
chemical reactions. Coenzymes usu-
ally participate in the substrate-
enzyme interaction by donating or
accepting certain chemical groups.
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Many vitamins are precursors of
coenzymes. See also COFACTOR.

coenzyme A (CoA) A complex or-
ganic compound that acts in conjunc-
tion with enzymes involved in
various biochemical reactions, no-
tably the oxidation of pyruvate via
the *Krebs cycle and fatty-acid oxida-
tion and synthesis. It comprises prin-
cipally the B vitamin pantothenic
acid, the nucleotide adenine, and a
ribose-phosphate group.

coenzyme Q See UBIQUINONE.

cofactor A nonprotein component
essential for the normal catalytic ac-
tivity of an enzyme. Cofactors may
be organic molecules (*coenzymes)
or inorganic ions. They may activate
the enzyme by altering its shape or
they may actually participate in the
chemical reaction.

coherent anti-Stokes Raman
spectroscopy See CARS.

coherent units A system of *units
of measurement in which derived
units are obtained by multiplying or
dividing base units without the use
of numerical factors. *SI units form a
coherent system; for example the
unit of force is the newton, which is
equal to 1 kilogram metre per second
squared (kg m s2), the kilogram,
metre, and second all being base
units of the system.

cohesion The force of attraction
between like molecules.

coinage metals A group of three
malleable ductile transition metals
forming group 11 (formerly IB) of the
*periodic table: copper (Cu), silver
(Ag), and gold (Au). Their outer elec-
tronic configurations have the form
nd%(n+1)st. Although this is similar to
that of alkali metals, the coinage
metals all have much higher ioniza-
tion energies and higher (and posi-
tive) standard electrode potentials.

Thus, they are much more difficult to
oxidize and are more resistant to cor-
rosion. In addition, the fact that they
have d-electrons makes them show
variable valency (Cul, Cu", and Cu'l};
Ag' and Ag!; Au! and Au') and form a
wide range of coordination com-
pounds. They are generally classified
with the *transition elements.

coke A form of carbon made by the
destructive distillation of coal. Coke
is used for blast-furnaces and other
metallurgical and chemical processes
requiring a source of carbon. Lower-
grade cokes, made by heating the
coal to a lower temperature, are used
as smokeless fuels for domestic heat-
ing.

colchicine An *alkaloid derived
from the autumn crocus, Colchicum
autumnale. It inhibits cell division.
Colchicine is used in genetics, cytol-
ogy, and plant breeding research and
also in cancer therapy to inhibit cell
division.

OMe

MeO OMe

MeO
(0]
HN
/\:0
Me

Colchicine

collagen An insoluble fibrous pro-
tein found extensively in the connec-
tive tissue of skin, tendons, and
bone. The polypeptide chains of col-
lagen (containing the amino acids
glycine and proline predominantly)
form triple-stranded helical coils that
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are bound together to form fibrils,
which have great strength and lim-
ited elasticity. Collagen accounts for
over 30% of the total body protein of
mammals.

collective oscillation An oscilla-
tion in a many-body system in which
all the particles in the system take
part in a cooperative. Plasma oscilla-
tions provide an example of collec-
tive oscillations. In systems described
by quantum mechanics, collective os-
cillations are quantized to give collec-
tive excitations.

colligation The combination of
two free radicals to form a covalent
bond, as in H;C: + Cl- — CH;CL It is
the reverse of *homolytic fission.

colligative properties Properties
that depend on the concentration of
particles (molecules, ions, etc.) pre-
sent in a solution, and not on the na-
ture of the particles. Examples of
colligative properties are osmotic
pressure (see 0SMOSIS), *lowering of
vapour pressure, *depression of
freezing point, and *elevation of boil-
ing point.

collision density The number of
collisions that occur in unit volume
in unit time when a given particle
flux passes through matter.

collision quenching See EXTERNAL
CONVERSION.

collodion A thin film of cellulose
nitrate made by dissolving the cellu-
lose nitrate in ethanol or ethoxy-
ethane, coating the surface, and
evaporating the solvent.

colloid mills Machines used to
grind aggregates into very fine parti-
cles or to apply very high shearing
forces within a fluid to produce col-
loid suspensions or emulsions in
which the particle sizes are less than
1 micrometer. One type of colloid
mill is called a disc mill, in which a

mixture of a solid and liquid (or two
liquids) is passed between two discs a
small distance apart, which rotate
very rapidly relative to each other.
Other types of colloid mills are the
valve and orifice types, in which the
mixture is forced through an orifice
at a very high speed and then strikes
a breaker ring. Applications of colloid
mills occur in food processing, in
paint manufacture, and in the phar-
maceutical industry.

colloids Colloids were originally
defined by Thomas *Grahamin 1861
as substances, such as starch or
gelatin, which will not diffuse
through a membrane. He distin-
guished them from crystalloids (e.g.
inorganic salts), which would pass
through membranes. Later it was rec-
ognized that colloids were distin-
guished from true solutions by the
presence of particles that were too
small to be observed with a normal
microscope yet were much larger
than normal molecules. Colloids are
now regarded as systems in which
there are two or more phases, with
one (the dispersed phase) distributed
in the other (the continuous phase).
Moreover, at least one of the phases
has small dimensions (in the range
107°-107° m). Colloids are classified in
various ways.

Sols are dispersions of small solid
particles in a liquid. The particles
may be macromolecules or may be
clusters of small molecules. Lyopho-
bic sols are those in which there is
no affinity between the dispersed
phase and the liquid. An example is
silver chloride dispersed in water. In
such colloids the solid particles have
a surface charge, which tends to stop
them coming together. Lyophobic
sols are inherently unstable and in
time the particles aggregate and
form a precipitate. Lyophilic sols, on
the other hand, are more like true so-
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lutions in which the solute molecules
are large and have an affinity for the
solvent. Starch in water is an exam-
ple of such a system. Association col-
loids are systems in which the
dispersed phase consists of clusters
of molecules that have lyophobic and
lyophilic parts. Soap in water is an as-
sociation colloid (see MICELLE).

Emulsions are colloidal systems in
which the dispersed and continuous
phases are both liquids, e.g. oil-in-
water or water-in-oil. Such systems
require an emulsifying agent to stabi-
lize the dispersed particles.

Gels are colloids in which both dis-
persed and continuous phases have a
three-dimensional network through-
out the material, so that it forms a
jelly-like mass. Gelatin is a common
example. One component may some-
times be removed (e.g. by heating) to
leave a rigid gel (e.g. silica gel).

Other types of colloid include
aerosols (dispersions of liquid or
solid particles in a gas, as in a mist
or smoke) and foams (dispersions of
gases in liquids or solids).

colophony See ROSIN

colorimetric analysis Quantita-
tive analysis of solutions by estimat-
ing their colour, e.g. by comparing it
with the colours of standard solu-
tions.

colour centre A defect in a crystal
that changes the way in which it ab-
sorbs light or other electromagnetic
radiation. Impurities in the crystal af-
fect the bind structure and allow
transitions in different regions of the
spectrums. Impurity colour centres
are responsible for the characteristic
colours of many gemstones. A par-
ticular type of colour centre is an F-
centre. This is a missing negative ion
in an ionic crystal, where the overall
charge neutrality occurs by trapping
an electron in the vacancy. The elec-

tron has energy levels similar to
those of a particle in a box. F-centres
can be produced by chemical activity
or by irradiation.

colour index (CI) A list, regarded as
definitive, of dyes and pigments,
which includes information on their
commercial names, method of appli-
cation, colour fastness, etc.

colour photography Any of vari-
ous methods of forming coloured
images on film or paper by photo-
graphic means. One common process
is a subtractive reversal system that
utilizes a film with three layers of
light-sensitive emulsion, one re-
sponding to each of the three pri-
mary colours. On development a
black image is formed where the
scene is blue. The white areas are
dyed yellow, the complementary col-
our of blue, and the blackened areas
are bleached clean. A yellow filter
between this emulsion layer and

the next keeps blue light from the
second emulsion, which is green-
sensitive. This is dyed magenta
where no green light has fallen. The
final emulsion is red-sensitive and is
given a cyan (blue-green) image on
the negative after dying. When white
light shines through the three dye
layers the cyan dye subtracts red
where it does not occur in the scene,
the magenta subtracts green, and the
yellow subtracts blue. The light pro-
jected by the negative therefore re-
constructs the original scene either
as a transparency or for use with
printing paper.

columbium A former name for the
element *niobium.

column chromatography See
CHROMATOGRAPHY.

combinatorial chemistry A tech-
nique in which very large numbers
of related compounds are formed in
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tetrahedral

Complexes

small quantities in cells on a plate,
and properties are investigated by
some automated technique. It is par-
ticularly used in the development of
new drugs.

combustion A chemical reaction
in which a substance reacts rapidly
with oxygen with the production of
heat and light. Such reactions are
often free-radical chain reactions,
which can usually be summarized as
the oxidation of carbon to form its
oxides and the oxidation of hydrogen
to form water. See also FLAME.

commensurate lattice A lattice
that can be divided into two or more
sublattices, with the basis vectors of
the lattice being a rational multiple

trigonal-bipyramid

of the basis vectors of the sublattice.
The phase transition between a com-
mensurate lattice and an incommen-
surate lattice can be analysed using
the Frenkel-Kontorowa model. An
ion that is common to two or more
components in a mixture. In a solu-
tion of XCl, for example, the addition
of another chloride YCl, may precipi-
tate XClI because the solubility prod-
uct is exceeded as a result of the
extra concentration of Cl” ions. This
is an example of a common-ion
effect.

common salt See soprum
CHLORIDE.

competitive inhibition See INHI-
BITION.
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complementarity The concept
that a single model may not be ade-
quate to explain all the observations
made of atomic or subatomic sys-
tems in different experiments. For
example, *electron diffraction is best
explained by assuming that the elec-
tron is a wave (see DE BROGLIE WAVE-
LENGTH), whereas the *photoelectric
effect is described by assuming that
it is a particle. The idea of two differ-
ent but complementary concepts to
treat quantum phenomena was first
put forward by the Danish physicist
Niels Bohr (1855-1962) in 1927.

complex A compound in which
molecules or ions form coordinate
bonds to a metal atom or ion (see il-
lustration). Often complexes occur as
complex ions, such as [Cu(H,0)g]** or
Fe[(CN)g]*~. A complex may also be a
neutral molecule (e.g. PtCl,(NH;),).
The formation of such coordination
complexes is typical behaviour of
transition metals. The complexes
formed are often coloured and have
unpaired electrons (i.e. are paramag-
netic). See also LIGAND; CHELATE.

complex ion See COMPLEX.

complexometric analysis A type
of volumetric analysis in which the
reaction involves the formation of an
inorganic *complex.

component A distinct chemical
species in a mixture. If there are no
reactions taking place, the number of
components is the number of sepa-
rate chemical species. A mixture of
water and ethanol, for instance, has
two components (but is a single
phase). A mixture of ice and water
has two phases but one component
(H,O). If an equilibrium reaction oc-
curs, the number of components is
taken to be the number of chemical
species minus the number of reac-
tions. Thus, in

H, + 1, < 2HI

there are two components. See also
PHASE RULE.

compound A substance formed by
the combination of elements in fixed
proportions. The formation of a com-
pound involves a chemical reaction;
i.e. there is a change in the configura-
tion of the valence electrons of the
atoms. Compounds, unlike mixtures,
cannot be separated by physical
means. See also MOLECULE.

comproportionation A reaction
in which an element in a higher oxi-
dation state reacts with the same el-
ement in a lower oxidation state to
give the element in an intermediate
oxidation state. For example

Ag*(aq) + Ag(s) — 2Ag"(aq)
It is the reverse of *disproportiona-
tion.

Compton, Arthur Holly
(1892-1962) US physicist, who be-
came professor of physics at the Uni-
versity of Chicago in 1923. He is best
known for his discovery (1923) of the
*Compton effect, for which he
shared the 1927 Nobel Prize for
physics with C. T. R. Wilson.

Compton effect The reduction in
the energy of high-energy (X-ray or
gamma-ray) photons when they are
scattered by free electrons, which
thereby gain energy. The phenome-
non, first observed in 1923 by A. H.
*Compton, occurs when the photon
collides with an electron; some of the
photon’s energy is transferred to the
electron and consequently the pho-
ton loses energy h(v; - v,), where h is
the *Planck constant and v, and v,
are the frequencies before and after
collision. As v, > v,, the wavelength
of the radiation increases after the
collision. This type of inelastic scat-
tering is known as Compton scatter-
ing and is similar to the *Raman
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effect. See also INVERSE COMPTON EF-
FECT.

computational chemistry The
use of computers in chemical re-
search. With the increase in process-
ing power of computers, calculations
on individual molecules and on
chemical systems have become im-
portant tools for research and indus-
trial development. With simple
molecules, predictions can be made
about electronic structure and prop-
erties using *ab-initio calculations.
For more complex molecules *semi-
empirical calculations are used.

The field has been particularly ex-
panded by the *density-functional
method of treating large molecules
and by the availability of software for
analysing molecular behaviour and
structure. See also MOLECULAR MODEL-
LING.

concentrated Describing a solu-
tion that has a relatively high con-
centration of solute.

concentration The quantity of dis-
solved substance per unit quantity of
a solution. Concentration is meas-
ured in various ways. The amount of
substance dissolved per unit volume
of the solution (symbol ¢) has units of
mol dm~3 or mol 1-%. It is now called
amount concentration (formerly mo-
larity). The mass concentration (sym-
bol p) is the mass of solute per unit
volume of solution. It has units of

kg dm=3, g cm™3, etc. The molality is
the amount of substance per unit
mass of solvent, commonly given in
units of mol kg'. See also MOLE FRAC-
TION.

concentration cell See CELL.

concentration gradient (diffusion
gradient) The difference in concen-
tration between a region of a solu-
tion or gas that has a high density of
particles and a region that has a rela-

tively lower density of particles. By
random motion, particles will move
from the area of high concentration
towards the area of low concentra-
tion, by the process of *diffusion,
until the particles are evenly distrib-
uted in the solution or gas.

concerted reaction A type of reac-
tion in which there is only one stage
rather than a series of steps. The Sy2
mechanism in *nucleophilic substitu-
tions is an example. See also PERI-
CYCLIC REACTIONS.

condensation The change of a
vapour or gas into a liquid. The
change of phase is accompanied by
the evolution of heat (see LATENT
HEAT).

condensation polymerization
See POLYMER.

condensation pump See DIFFU-
SION PUMP.

condensation reaction A chemi-
cal reaction in which two molecules
combine to form a larger molecule
with elimination of a small mol-
ecule (e.g. H,O). See ALDEHYDES; KE-
TONES.

condenser A device used to cool a
vapour to cause it to condense to a
liquid. See LIEBIG CONDENSER.

conducting polymer An organic
polymer that conducts electricity.
Conducting polymers have a crys-
talline structure in which chains of
conjugated unsaturated carbon-
carbon bonds are aligned. Examples
are polyacetylene and polypyrrole.
There has been considerable interest
in the development of such materials
because they would be cheaper and
lighter than metallic conductors.
They do, however, tend to be chemi-
cally unstable and, so far, no com-
mercial conducting polymers have
been developed.
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conductiometric titration A type
of titration in which the electrical
conductivity of the reaction mixture
is continuously monitored as one
reactant is added. The equivalence
point is the point at which this
undergoes a sudden change. The
method is used for titrating coloured
solutions, which cannot be used with
normal indicators.

conduction band See ENERGY
BANDS.

conductivity water See DISTILLED
WATER.

Condy'’s fluid A mixture of cal-
cium and potassium permanganates
(manganate(VII)) used as an antisep-
tic.

configuration 1. The arrangement
of atoms or groups in a molecule.

2. The arrangement of electrons
about the nucleus of an *atom.

configuration space The n-dimen-
sional space with coordinates
(91,92,- - -.9,) associated with a system

A

eclipsed conformation anti conformation
@ = methyl group

Conformations of butane (sawhorse projection)

R H R O
R R R R
(0] H
bisecting conformation

eclipsed conformation

Conformations of R;CHO (Newman projection)

that has n degrees of freedom, where
the values g describe the degrees of
freedom. For example, in a gas of N
atoms each atom has three positional
coordinates, so the configuration
space is 3N-dimensional. If the parti-
cles also have internal degrees of
freedom, such as those caused by vi-
bration and rotation in a molecule,
then these must be included in the
configuration space, which is conse-
quently of a higher dimension. See
also STATISTICAL MECHANICS.

conformation One of the very
large number of possible spatial
arrangements of atoms that can be
interconverted by rotation about a
single bond in a molecule. In the case
of ethane, H;C-CHj;, one methyl
group can rotate relative to the
other. There are two extreme cases.
In one, the C-H bonds on one group
align with the C-H bonds on the
other (as viewed along the C-C
bond). This is an eclipsed conforma-
tion (or eclipsing conformation) and
corresponds to a maximum in a

gauche conformation




conformational analysis

140

graph of potential energy against ro-
tation angle. In the other the C-H
bonds on one group bisect the angle
between two C-H bonds on the
other. This is a staggered conforma-
tion (or bisecting conformation) and
corresponds to a minimum in the po-
tential-energy curve. In the case of
ethane, the energy difference be-
tween the two conformations is
small (2.8 kcal/mole) and effective
free rotation occurs under normal
conditions.

In the case of butane, rotation can
occur about the bond between the
second and third carbon atoms,
MeH,C-CH,Me. The highest maxi-
mum occurs when the methyl
groups are eclipsed (they are at their
closest). Maxima of lower energies
occur when the methyl groups on
one carbon atom eclipse the hydro-
gen atoms on the other. The lowest
potential energy occurs when a C-Me
bond bisects the angle between the
C-H bonds (i.e. the two methyl
groups are furthest apart). This is
called the anti conformation. A lesser
minimum occurs when the methyl
group bisects the angle between a
C-H bond and a C-Me bond. This
arrangement is called the gauche
conformation.

Similar rotational arrangements
occur in other types of molecule. For
instance, in a compound such as
R;C-CHO, with a C=0 double bond,
one conformation has the C=O bond
bisecting the angle between C-R
bonds. This is called the bisecting
conformation (note that the C-H
bond eclipses one of the C-R bonds
in this case). The other has the C=0
bond eclipsing a C-R bond. This is
the eclipsed or eclipsing conforma-
tion. (In this case the C-H bond bi-
sects the angle between the C-R
bonds.)

See also TORSION ANGLE; RING CON-
FORMATIONS.

conformational analysis The de-
termination or estimation of the
relative energies of possible confor-
mations of a molecule and the effect
of these on the molecule’s proper-
ties.

conformational isomer (con-
former) One of a set of stereoisomers
that differ from each other by tor-
sion angle or angles (where only
structures that are minima of poten-
tial energy are considered).

congeners Elements that belong
to the same group in the periodic
table.

conjugate acids and bases See
ACID.

conjugated Describing double or
triple bonds in a molecule that are
separated by one single bond. For ex-
ample, the organic compound buta-
1,3-diene, H,C=CH-CH=CH,, has
conjugated double bonds. In such
molecules, there is some delocaliza-
tion of electrons in the pi orbitals be-
tween the carbon atoms linked by
the single bond.

conjugate solutions Solutions
formed between two liquids that
are partially miscible with one an-
other; such solutions are in equilib-
rium at a particular temperature.
Examples of conjugate solutions
are phenol in water and water in
phenol.

conjugation Delocalization of pi
electrons as occurs in *conjugated
systems. Conjugation can also in-
volve d orbitals and lone pairs of
electrons.

connection table A way of repre-
senting a molecule as a table show-
ing the atoms, their coordinates, and
the links between them. The MDL
*molfile format uses a connection
table in its representation of struc-
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ture. Connection tables are a useful
way of storing molecular data, both
from the point of view of graphics
programs and also for database
searches, in which it is possible to
use the table to look for substruc-
tures.

conservation The sensible use of
the earth’s natural resources in order
to avoid excessive degradation and
impoverishment of the environment.
It should include the search for alter-
native food and fuel supplies when
these are endangered (as by defor-
estation and overfishing); an aware-
ness of the dangers of *pollution;
and the maintenance and preserva-
tion of natural habitats and the cre-
ation of new ones, e.g. nature
reserves, national parks, and sites of
special scientific intrest (SSSIs).

conservation law A law stating
that the total magnitude of a certain
physical property of a system, such
as its mass, energy, or charge, re-
main unchanged even though there
may be exchanges of that property
between components of the system.
For example, imagine a table with a
bottle of salt solution (NaCl), a bottle
of silver nitrate solution (AgNO;), and
a beaker standing on it. The mass of
this table and its contents will not
change even when some of the con-
tents of the bottles are poured into
the beaker. As a result of the reaction
between the chemicals two new sub-
stances (silver chloride and sodium
nitrate) will appear in the beaker:

NaCl + AgNO; — AgCl + NaNO;,

but the total mass of the table and its
contents will not change. This con-
servation of mass is a law of wide
and general applicability, which is
true for the universe as a whole, pro-
vided that the universe can be con-
sidered a closed system (nothing
escaping from it, nothing being

added to it). According to Einstein’s
mass-energy relationship, every
quantity of energy (E) has a mass (m),
which is given by E/c2, where c is the
speed of light. Therefore if mass is
conserved, the law of conservation of
energy must be of equally wide appli-
cation.

consolute temperature The tem-
perature at which two partially mis-
cible liquids become fully miscible as
the temperature is increased.

constantan An alloy having an
electrical resistance that varies only
very slightly with temperature (over
a limited range around normal room
temperatures). It consists of copper
(50-60%) and nickel (40-50%) and is
used in resistance wire, thermocou-
ples, etc.

constant-boiling mixture See
AZEOTROPE.

constant proportions Sce CHEMI-
CAL COMBINATION.

constitutional isomerism See 150-
MERISM.

contact insecticide Any insecti-
cide (see PESTICIDE) that kills its target
insect by being absorbed through the
cuticle or by blocking the spiracles,
rather than by being ingested.

contact process A process for
making sulphuric acid from sulphur
dioxide (SO,), which is made by burn-
ing sulphur or by roasting sulphide
ores. A mixture of sulphur dioxide
and air is passed over a hot catalyst
2S0, + 0, — 250,
The reaction is exothermic and the
conditions are controlled to keep the
temperature at an optimum 450°C.
Formerly, platinum catalysts were
used but vanadium-vanadium oxide
catalysts are now mainly employed
(although less efficient, they are less
susceptible to poisoning). The sul-
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phur trioxide is dissolved in sul-
phuric acid

H,SO, + SO; — H,S,0,
and the oleum is then diluted.
continuous phase See coLLOIDS.

continuous spectrum See SPEC-
TRUM.

controlled substance In the UK,
an illegal or restricted drug. There
are three classes with different legal
penalties for possession and for deal-
ing.
Class A drugs (the most harmful) in-
clude cocaine, ecstasy, heroin, LSD,
and magic mushrooms. Ampheta-
mines prepared for injection are also
class A drugs.
Class B drugs include amphetamines,
methylphenidate, and pholcodine.
Class C drugs include cannabis,
gammahydroxybutyric acid (GHB),
ketamine, and some painkillers.
Drug use is governed by the Misuse
of Drugs Act, 1971 and 2005. Some
substances fall under the Medicines
Act and are classified as prescription-
only, pharmacist without prescrip-
tion, or generally available.
[ @) e wes ks ]
e Information about the Misuse of Drugs
Act from the Home Office website

convection A process by which
heat is transferred from one part of a
fluid to another by movement of the
fluid itself. In natural convection the
movement occurs as a result of grav-
ity; the hot part of the fluid expands,
becomes less dense, and is displaced
by the colder denser part of the fluid
as this drops below it. This is the
process that occurs in most domestic
hot-water systems between the boiler
and the hot-water cylinder. A natural
convection current is set up transfer-
ring the hot water from the boiler up
to the cylinder (always placed above
the boiler) so that the cold water

from the cylinder can move down
into the boiler to be heated. In some
modern systems, where small-bore
pipes are used or it is inconvenient to
place the cylinder above the boiler,
the circulation between boiler and
hot-water cylinder relies upon a
pump. This is an example of forced
convection, where hot fluid is trans-
ferred from one region to another by
a pump or fan.

converter The reaction vessel in
the *Bessemer process or some simi-
lar steel-making process.

coomassie blue A biological dye
used for staining proteins.

coordinate bond See CHEMICAL
BOND.

coordination compound A com-
pound in which coordinate bonds are
formed (see CHEMICAL BOND). The
term is used especially for inorganic
*complexes.

[ @) see wes Links J

¢ Information about IUPAC nomenclature
coordination number The num-
ber of groups, molecules, atoms, or
ions surrounding a given atom or ion
in a complex or crystal. For instance,
in a square-planar complex the cen-
tral ion has a coordination number of
four. In a close-packed crystal (see
CLOSE PACKING) the coordination
number is twelve.

Cope rearrangement A type of
rearrangement of dienes in which
the position of a substituent changes.
For instance the substituted diene
CH,=CH-CH(R)- CH,-CH=CH,,
when heated, can convert to
RCH=CH-CH,-CH,-CH=CH,.
It involves the formation of a cyclic
transition state, and is an example of
a *sigmatropic reaction.

copolymer See POLYMER.
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copper Symbol Cu. A red-brown
*transition element; a.n. 29; r.a.m.
63.546; r.d. 8.92; m.p. 1083.4°C; b.p.
2567°C. Copper has been extracted
for thousands of years; it was known
to the Romans as cuprum, a name
linked with the island of Cyprus. The
metal is malleable and ductile and an
excellent conductor of heat and elec-
tricity. Copper-containing minerals
include cuprite (Cu,0) as well as
azurite (2CuCO;.Cu(OH),), chalco-
pyrite (CuFeS,), and malachite
(CuCO04.Cu(OH),). Native copper ap-
pears in isolated pockets in some
parts of the world. The large mines
in the USA, Chile, Canada, Zambia,
Democratic Republic of Congo, and
Peru extract ores containing sul-
phides, oxides, and carbonates. They
are usually worked by smelting,
leaching, and electrolysis. Copper
metal is used to make electric cables
and wires. Its alloys, brass (copper-
zinc) and bronze (copper-tin), are
used extensively.

Water does not attack copper but
in moist atmospheres it slowly forms
a characteristic green surface layer
(patina). The metal will not react
with dilute sulphuric or hydrochloric
acids, but with nitric acid oxides of
nitrogen are formed. Copper com-
pounds contain the element in the
+1 and +2 oxidation states. Copper(])
compounds are mostly white (the
oxide is red). Copper(Il) salts are blue
in solution. The metal also forms a
large number of coordination com-
plexes.

[ &) see wes Links J

¢ Information from the WebElements site
copperas See IRON(II) SULPHATE.

copper(l) chloride A white solid
compound, CuCl; cubic; r.d. 4.14;
m.p. 430°C; b.p. 1490°C. It is ob-
tained by boiling a solution contain-
ing copper(Il) chloride, excess copper
turnings, and hydrochloric acid. Cop-

per(I) is present as the [CuCl,]- com-
plex ion. On pouring the solution
into air-free distilled water copper(I)
chloride precipitates. It must be kept
free of air and moisture since it oxi-
dizes to copper(Il) chloride under
those conditions.

Copper(I) chloride is essentially co-
valent and its structure is similar to
that of diamond; i.e. each copper
atom is surrounded tetrahedrally by
four chlorine atoms and vice versa.
In the vapour phase, dimeric and
trimeric species are present.
Copper(]) chloride is used in conjunc-
tion with ammonium chloride as a
catalyst in the dimerization of
ethyne to but-1-ene-3-yne (vinyl
acetylene), which is used in the pro-
duction of synthetic rubber. In the
laboratory a mixture of copper(])
chloride and hydrochloric acid is
used for converting benzene diazo-
nium chloride to chlorobenzene -
the Sandmeyer reaction.

copper(ll) chloride A brown-
yellow powder, CuCl,; r.d. 3.386;
m.p. 620°C. It exists as a blue-green
dihydrate (thombic; r.d. 2.54; loses
H,0 at 100°C). The anhydrous solid is
obtained by passing chlorine over
heated copper. It is predominantly
covalent and adopts a layer structure
in which each copper atom is sur-
rounded by four chlorine atoms at a
distance of 0.23 and two more at a
distance of 0.295. A concentrated
aqueous solution is dark brown in
colour due to the presence of com-
plex ions such as [CuCl,J?>~. On dilu-
tion the colour changes to green and
then blue because of successive re-
placement of chloride ions by water
molecules, the final colour being that
of the [Cu(H,0)¢]** ion. The dihydrate
can be obtained by crystallizing the
solution.

copper glance A mineral form of
copper(I) sulphide, Cu,S.
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copper(ll) nitrate A blue deliques-
cent solid, Cu(NO;),.3H,0; r.d. 2.32;
m.p. 114.5°C. It may be obtained by
reacting either copper(Il) oxide or
copper(Il) carbonate with dilute nitric
acid and crystallizing the resulting
solution. Other hydrates containing 6
or 9 molecules of water are known.
On heating it readily decomposes to
give copper(Il) oxide, nitrogen diox-
ide, and oxygen. The anhydrous form
can be obtained by reacting copper
with a solution of nitrogen dioxide in
ethyl ethanoate. It sublimes on heat-
ing suggesting that it is appreciably
covalent.

copper(l) oxide A red insoluble
solid, Cu,0; r.d. 6.0; m.p. 1235°C. It is
obtained by reduction of an alkaline
solution of copper(Il) sulphate. Since
the addition of alkalis to a solution of
copper(Il) salt results in the precipita-
tion of copper(Il) hydroxide the cop-
per(Il) ions are complexed with
tartrate ions; under such conditions
the concentration of copper(Il) ions is
so low that the solubility product of
copper(Il) hydroxide is not exceeded.

When copper(l) oxide reacts with
dilute sulphuric acid a solution of
copper(Il) sulphate and a deposit of
copper results, i.e. disproportionation
occurs.

Cu,0 + 2H* — Cu?** + Cu + H,0

When dissolved in concentrated
hydrochloric acid the [CuCl,]- com-
plex ion is formed. Copper(l) oxide is
used in the manufacture of rectifiers
and the production of red glass.

copper(ll) oxide A black insoluble
solid, CuO; monoclinic; r.d. 6.3; m.p.
1326°C. It is obtained by heating ei-
ther copper(Il) carbonate or copper(Il)
nitrate. It decomposes on heating
above 800°C to copper(l) oxide and
oxygen. Copper(ll) oxide reacts read-
ily with mineral acids on warming,
with the formation of copper(Il) salts;

it is also readily reduced to copper on
heating in a stream of hydrogen.
Copper(II) oxide is soluble in dilute
acids forming blue solutions of
cupric salts.

copper pyrites See CHALCOPYRITE.

copper(ll) sulphate A blue crys-
talline solid, CuSO,.5H,0; triclinic;
r.d. 2.284. The pentahydrate loses
4H,0 at 110°C and the fifth H,0 at
150°C to form the white anhydrous
compound (rhombic; r.d. 3.6; decom-
poses above 200°C). The pentahy-
drate is prepared either by reacting
copper(II) oxide or copper(Il) carbon-
ate with dilute sulphuric acid; the so-
lution is heated to saturation and the
blue pentahydrate crystallizes out on
cooling (a few drops of dilute sul-
phuric acid are generally added to
prevent hydrolysis). It is obtained on
an industrial scale by forcing air
through a hot mixture of copper and
dilute sulphuric acid. In the pentahy-
drate each copper(Il) ion is sur-
rounded by four water molecules at
the corner of a square, the fifth and
sixth octahedral positions are occu-
pied by oxygen atoms from the sul-
phate anions, and the fifth water
molecule is held in place by hydro-
gen bonding. Copper(Il) sulphate has
many industrial uses, including the
preparation of the Bordeaux mixture
(a fungicide) and the preparation of
other copper compounds. It is also
used in electroplating and textile
dying and as a timber preservative.
The anhydrous form is used in the
detection of traces of moisture.

Copper(Il) sulphate pentahydrate is
also known as blue vitriol.

coprecipitation The removal of a
substance from solution by its associ-
ation with a precipitate of some
other substance. For example, if A
and B are present in solution and a
reagent is added such that A forms
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an insoluble precipitate, then B may
be carried down with the precipitate
of A, even though it is soluble under
the conditions. This can occur by oc-
clusion or absorption.

cordite An explosive mixture of cel-
lulose nitrate and nitroglycerin, with
added plasticizers and stabilizers,
used as a propellant for guns.

core orbital An atomic orbital that
is part of the inner closed shell of an
atom. Unlike the valence orbitals,
which are the atomic orbitals of the
valence shell of an atom, core or-
bitals on one atom have a small over-
lap with core orbitals on another
atom. They are therefore usually ig-
nored in simple calculations of chem-
ical bonding.

Corey-Pauling rules A set of
rules, formulated by Robert Corey
and Linus *Pauling, that govern the
secondary nature of proteins. The
Corey-Pauling rules are concerned
with the stability of structures pro-
vided by *hydrogen bonds associated
with the -CO-NH- peptide link. The
Corey-Pauling rules state that:

(1) All the atoms in the peptide link
lie in the same plane.

(2) The N, H, and O atoms in a hydro-
gen bond are approximately on a
straight line.

(3) All the CO and NH groups are in-
volved in bonding.

Two important structures in which
the Corey-Pauling rules are obeyed
are the alpha helix and the *beta
sheet.

CORN rule See ABSOLUTE CONFIGU-
RATION.

correlation diagram A diagram
that relates the energy levels of sepa-
rate atoms to the energy levels of di-
atomic molecules and united atoms,
the two limiting states being corre-
lated with each other. Using this dia-

gram, the types of molecular orbital
possible for the molecules and their
order as a function of increasing en-
ergy can be seen as a function of in-
teratomic distance. Lines are drawn
linking each united-atom orbital to a
separated atom orbital. An important
rule for determining which energy
levels correlate is the noncrossing
rule. This states that two curves of
energy plotted against interatomic
distance never cross if the invariant
properties (e.g. parity, spin, etc.) are
the same.

correlation functions Quantities
used in condensed-matter physics
that are *ensemble averages of prod-
ucts of such quantities as *density at
different points in space. Each parti-
cle affects the behaviour of its neigh-
bouring particles, so creating
correlations, the range of which is at
least as long as the range of the inter-
molecular forces. Thus, correlation
functions contain a great deal of in-
formation about systems in con-
densed-matter physics. Correlation
functions can be measured in consid-
erable detail, frequently by experi-
ments involving scattering of such
particles as neutrons or of *electro-
magnetic radiation (e.g. light or X-
rays) and can be calculated
theoretically using *statistical me-
chanics.

correlation spectroscopy (COSY)
A type of spectroscopy used in *nu-
clear magnetic resonance (NMR) in
which the pulse sequence used is:
90°x - t; - 90°x - acquire (t,). The
delay t, is variable and a series of ac-
quisitions is made. Fourier trans-
forms are then performed on both
the delay t; and the real time t,. The
information thus gained can be
shown on a diagram that plots con-
tours of signal intensity. This repre-
sentation of the information enables
NMR spectra to be interpreted more
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readily than in one-dimensional
NMR, particularly for complex spec-
tra.

corrosion Chemical or electro-
chemical attack on the surface of a
metal. See also ELECTROLYTIC CORRO-
SION; RUSTING.

corundum A mineral form of alu-
minium oxide, Al,O;. It crystallizes
in the trigonal system and occurs as
well-developed hexagonal crystals. It
is colourless and transparent when
pure but the presence of other el-
ements gives rise to a variety of
colours. *Ruby is a red variety con-
taining chromium; *sapphire is a
blue variety containing iron and
titanium. Corundum occurs as a
rock-forming mineral in both meta-
morphic and igneous rocks. It is
chemically resistant to weathering
processes and so also occurs in allu-
vial (placer) deposits. The second
hardest mineral after diamond (it has
a hardness of 9 on the Mohs’ scale), it
is used as an abrasive.

COSY See CORRELATION SPEC-
TROSCOPY.

COT See CYCLO-OCTATETRAENE.

Cotton effect The wavelength de-
pendence of the optical rotary disper-
sion curve or the *circular dichroism
curve in the neighbourhood of an ab-
sorption band, both having charac-
teristic shapes. If the wavelength is
decreased, the rotation angle in-
creases until it reaches a maximum
and then decreases, passing through
zero at the wavelength at which the
maximum of absorption occurs. As
the wavelength is decreased further
the angle becomes negative, until it
reaches a minimum after which it
rises again. This pattern is called the
positive Cotton effect. A mirror
image of this pattern can also occur
about the A-axis, where A is the wave-

length; this is called the negative
Cotton effect. These effects occur for
coloured substances and for colour-
less substances with bands in the ul-
traviolet. It is named after the French
physicist Aimé Cotton (1859-1951).

coulomb Symbol C. The *SI unit of
electric charge. It is equal to the
charge transferred by a current of
one ampere in one second. The unit
is named after Charles de Coulomb.

Coulomb explosion The sudden
disruption of a molecule from which
the electrons have been stripped to
leave only the nuclei, which repel
each other because of their electric
charge. The technique of Coulomb
explosion imaging uses this effect to
investigate the shape of molecules. A
beam of high-energy neutral mol-
ecules is produced by first adding
electrons, accelerating the ions in an
electric field, and then removing the
electrons. The beam collides with a
thin metal foil having a thickness of
about 30 atoms. As the molecules
pass through this foil their electrons
are scattered and only the nuclei of
the molecules emerge. The process
occurs within a very short period of
time, shorter than the time required
for a complete molecular vibration,
and consequently the nuclei retain
the molecular shape until they are
suddenly repulsed by the like
charges. The nuclei then impinge on
a detector that records their velocity
and direction, thus enabling the spa-
tial arrangement of the original mol-
ecule to be derived.

coumarin (1,2-benzopyrone) A
pleasant-smelling colourless crys-
talline compound, CoHgO,, m.p. 70°C.
It occurs naturally in tonka (or ton-
quin) beans, and is synthesized from
salicylaldehyde. It forms coumarinic
acid on hydrolysis with sodium hy-
droxide. Coumarin is used in making
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perfumes, to scent tobacco, and as an
anticoagulant in medicine; *warfarin
is derived from it.

coumarone See BENZFURAN.

countercurrent flow Flow of two
fluids in opposite directions with
transfer of heat or matter between
them. Compare COCURRENT FLOW.

counter ion An ion of opposite
charge to a given ion. For example,
in a crystal of sodium chloride, the
chloride ions can be regarded as
counter ions to the sodium ions. In
certain colloids, the charge on the
surface of colloidal particles is neu-
tralized by oppositely charged
counter ions in the surrounding solu-
tion.

coupling 1. An interaction be-
tween two different parts of a system
or between two or more systems.
Examples of coupling in the *spectra
of atoms and nuclei are *Russell-
Saunders coupling, *j-j coupling, and
spin-orbit coupling. In the spectra of
molecules there are five idealized
ways (called the Hund coupling cases)
in which the different types of angu-
lar momentum in a molecule (the
electron orbital angular momentum
L, the electron spin angular momen-
tum S, and the angular momentum
of nuclear rotation N) couple to form
a resultant angular momentum J. (In
practice, the coupling for many mol-
ecules is intermediate between
Hund’s cases due to interactions,
which are ignored in the idealized

cases.) 2. A type of chemical reaction
in which two molecules join to-
gether; for example, the formation of
an *azo compound by coupling of a
diazonium ion with a benzene ring.

covalent bond See cCHEMICAL
BOND.

covalent carbide See CARBIDE.

covalent crystal A crystal in
which the atoms are held together
by covalent bonds. Covalent crystals
are sometimes called macromolecular
or giant-molecular crystals. They are
hard high-melting substances. Exam-
ples are diamond and boron nitride.

covalent radius An effective ra-
dius assigned to an atom in a cova-
lent compound. In the case of a
simple diatomic molecule, the cova-
lent radius is half the distance be-
tween the nuclei. Thus, in Cl, the
internuclear distance is 0.198 nm so
the covalent radius is taken to be
0.099 nm. Covalent radii can also be
calculated for multiple bonds; for in-
stance, in the case of carbon the val-
ues are 0.077 nm for single bonds,
0.0665 nm for double bonds, and
0.0605 nm for triple bonds. The val-
ues of different covalent radii can
sometimes be added to give internu-
clear distances. For example, the
length of the bond in interhalogens
(e.g. ClBr) is nearly equal to the sum
of the covalent radii of the halogens
involved. This, however, is not al-
ways true because of other effects
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(e.g. ionic contributions to the bond-
ing).

CPMG sequence (Carr-Purcell-
Meiboom-Gill sequence) A sequence
of pulses used for spin-echo experi-
ments in nuclear magnetic resonance
(NMR) in which the initial pulse is
90° followed by a series of 180°
pulses. A CPMG sequence is designed
so that the spin echoes die away ex-
ponentially with time. Spin-spin re-
laxation occurs characterized by a
time constant T,, which can be deter-
mined from the decay signal.

crack cocaine See COCAINE.

cracking The process of breaking
down chemical compounds by heat.
The term is applied particularly to
the cracking of hydrocarbons in the
kerosine fraction obtained from *pe-
troleum refining to give smaller hy-
drocarbon molecules and alkenes. It
is an important process, both as a
source of branched-chain hydrocar-
bons suitable for gasoline (for motor
fuel) and as a source of ethene and
other alkenes. Catalytic cracking is a
similar process in which a catalyst is
used to lower the temperature re-
quired and to modify the products
obtained.

cream of tartar See POTASSIUM HY-
DROGENTARTRATE.

creosote 1. (wood creosote) An al-
most colourless liquid mixture of
phenols obtained by distilling tar ob-
tained by the destructive distillation
of wood. It is used medically as an
antiseptic and expectorant. 2. (coal-
tar creosote) A dark liquid mixture of
phenols and cresols obtained by dis-
tilling coal tar. It is used for preserv-
ing timber.

cresols See METHYLPHENOLS.

CRG process (catalytic rich gas
process) An industrial process for
producing fuel gas from naphtha

and other hydrocarbon sources. It in-
volves a nickel-based catalyst, pres-
sures of up to 70 bar, and
temperatures between 250°C and
650°C depending on the feedstock.
The reactions are:

C.Hypip + nH,0 — nCO + (2n +1)H,

CO + 3H, — CH, + H,0

CO +H,0 —» CO, +H,
The result is a mixture of methane,
carbon monoxide, carbon dioxide,
and trace amounts of ethane and
other hydrocarbons. With partial car-
bon dioxide removal it is possible to
produce town gas with medium
calorific value containing about 30%
CH,, 30% H,, and 2% CO. The process
can be used to produce SNG. In this
case there are multiple methanation
stages and complete removal of CO,
to give a product containing about
98.5% CH,, 0.9% H,, and 0.1% CO.

cristobalite A mineral form of *sil-
icon(IV) oxide, SiO,.

critical pressure The pressure of a
fluid in its *critical state; i.e. when it
is at its critical temperature and criti-
cal volume.

critical state The state of a fluid in
which the liquid and gas phases both
have the same density. The fluid is
then at its critical temperature, criti-
cal pressure, and critical volume.

critical temperature 1. The tem-
perature above which a gas cannot
be liquefied by an increase of pres-
sure. See also CRITICAL STATE. 2. See
TRANSITION POINT.

critical volume The volume of a
fixed mass of a fluid in its *critical
state; i.e. when it is at its critical tem-
perature and critical pressure. The
critical specific volume is its volume
per unit mass in this state: in the
past this has often been called the
critical volume.
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Crookes, Sir William (1832-1919)
British chemist and physicist, who in
1861 used *spectroscopy to discover
*thallium and in 1875 invented the
radiometer. He also developed an im-
proved vacuum tube (Crookes’ tube)
for studying gas discharges. Crookes
was also involved in industrial chem-
istry and realised the importance of
nitrogen fixation for fertilizers.

crossed-beam reaction A chemi-
cal reaction in which two molecular
beams are crossed; one beam is re-
garded as the incident beam of gas
and the other as the target gas. This
technique enables a great deal of in-
formation to be gained about the
chemical reaction since the states of
both the target and projectile mol-
ecules can be controlled. The inci-
dent beam is characterized by its
incident beam flux, I, which is the
number of particles per unit area per
unit time. The scattered molecules
can be detected first by ionizing
them and then detecting the ions
electrically or using spectroscopy if
changes in the vibrational or rota-
tional states of molecules in a reac-
tion are of interest.

cross linkage A short side chain of

O oxygen

® CH,group

. metal ion

18-crown-6

Crown ethers

atoms linking two longer chains in a
polymeric material.

crown See RING CONFORMATIONS.

crown ethers Organic compounds
with molecules containing large
rings of carbon and oxygen atoms.
The crown ethers are macrocyclic
polyethers. The first to be synthe-
sized was the compound 18-crown-6,
which consists of a ring of six
-CH,-CH,-0O- units (i.e. C;,H,404).
The general method of naming
crown ethers is to use the form n-
crown-m, where n is the number of
atoms in the ring and m is the num-
ber of oxygen atoms. Substituted
crown ethers can also be made. The
crown ethers are able to form
strongly bound complexes with
metal ions by coordination through
the oxygen atoms. The stability of
these complexes depends on the size
of the ion relative to the cavity avail-
able in the ring of the particular
crown ether. Crown ethers also form
complexes with ammonium ions
(NH4+) and alkyl ammonium ions
(RNH3+). They can be used for in-
creasing the solubility of ionic salts
in nonpolar solvents. For example,
dicyclohexyl-18-crown-6 complexes
with the potassium ion of potassium

dicyclohexyl-18-crown-6 complex
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permanganate and allows it to dis-
solve in benzene, giving a purple
neutral solution that can oxidize
many organic compounds. They also
act as catalysts in certain reactions
involving organic salts by complex-
ing with the positive metal cation
and thereby increasing its separation
from the organic anion, which shows
a consequent increase in activity.
Some of the uses of crown ethers de-
pend on their selectivity for specific
sizes of anions. Thus they can be
used to extract specific ions from
mixtures and enrich isotope mix-
tures. Their selectivity also makes
them useful analytical reagents. See
also CRYPTANDS.

crucible A dish or other vessel in
which substances can be heated to a
high temperature. See also GOOCH
CRUCIBLE.

crude oil See PETROLEUM.

Crum Brown'’s rule A rule that
predicts how substituents will enter
the benzene ring. If C¢gHsX is a com-
pound with one substituent in the
benzene ring, it will produce the 1,3
(meta) disubstituted derivative if the
substance HX can be directly oxi-
dized to HOX. If not, a mixture of 1,2
(ortho) and 1,4 (para) compounds will
be formed. The rule was proposed in
1892 by the British chemist Alexan-
der Crum Brown (1838-1922).

cryogenic pump A *vacuum
pump in which pressure is reduced
by condensing gases on surfaces
maintained at about 20 K by means
of liquid hydrogen or at 4 K by
means of liquid helium. Pressures
down to 108 mmHg (10-° Pa) can be
maintained; if they are used in con-
junction with a *diffusion pump,
pressures as low as 107> mmHg
(10712 Pa) can be reached.

cryohydrate A eutectic mixture of

ice and some other substance (e.g. an
ionic salt) obtained by freezing a so-
lution.

cryolite A rare mineral form of
sodium aluminofluoride, Na;AlFq,
which crystallizes in the monoclinic
system. It is usually white but may
also be colourless. The only impor-
tant occurrence of the mineral is in
Greenland. It is used chiefly to lower
the melting point of alumina in the
production of aluminium.

cryoscopic constant See DEPRES-
SION OF FREEZING POINT.

cryoscopy The use of *depression
of freezing point to determine rela-
tive molecular masses.

cryostat A vessel enabling a sample
to be maintained at a very low tem-
perature. The *Dewar flask is the
most satisfactory vessel for control-
ling heat leaking in by radiation, con-
duction, or convection. Cryostats
usually consist of two or more Dewar
flasks nesting in each other. For ex-
ample, a liquid nitrogen bath is often
used to cool a Dewar flask containing
a liquid helium bath.

cryptands Compounds with large
three-dimensional molecular struc-
tures containing ether chains linked
by three-coordinate nitrogen atoms.
Thus cryptands are macropolycyclic
polyaza-polyethers. For example, the
compound (2,2,2)-cryptand has three
chains of the form
-CH,CH,0CH,CH,0CH,CH,-.
These chains are linked at each end
by a nitrogen atom. Cryptands, like
the *crown ethers, can form coordi-
nation complexes with ions that can
fit into the cavity formed by the open
three-dimensional structure, i.e. they
can ‘cryptate’ the ion. Various types
of cryptand have been produced hav-
ing both spherical and cylindrical
cavities. The cryptands have the
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same kind of properties as the crown
ethers and the same uses. In general,
they form much more strongly
bound complexes and can be used to
stabilize unusual ionic species. For
example, it is possible to produce the
negative Na- ion in the compound
[(2,2,2)-cryptand-Na|*Na-, which is a
gold-coloured crystalline substance
stable at room temperature. Cluster
ions, such as Pbs?, can be similarly
stabilized.

crystal A solid with a regular poly-
hedral shape. All crystals of the same
substance grow so that they have the
same angles between their faces.
However, they may not have the
same external appearance because
different faces can grow at different
rates, depending on the conditions.
The external form of the crystal is re-
ferred to as the crystal habit. The
atoms, ions, or molecules forming
the crystal have a regular arrange-
ment and this is the crystal structure.

crystal defect An imperfection in
the regular lattice of a crystal. See
Feature (pp 152-153).

crystal-field theory A theory of
the electronic structures of inorganic
*complexes, in which the complex is
assumed to consist of a central metal
atom or ion surrounded by ligands
that are ions. For example, the com-
plex [PtCl,)*- is thought of as a Pt**
ion surrounded by four CI- ions at

i
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N

the corners of a square. The presence
of these ions affects the energies of
the d-orbitals, causing a splitting of
energy levels. The theory can be used
to explain the spectra of complexes
and their magnetic properties. Lig-
and-field theory is a development of
crystalfield theory in which the over-
lap of orbitals is taken into account.
Crystalfield theory was initiated in
1929 by the German-born US physi-
cist Hans Albrecht Bethe (1906-2005)
and extensively developed in the
1930s.

crystal habit See crysTAL

crystal lattice The regular pattern

of atoms, ions, or molecules in a crys-

talline substance. A crystal lattice can

be regarded as produced by repeated

translations of a unit cell of the lat-

tice. See also CRYSTAL SYSTEM.

[ @) see wes Links J

e An interactive version of the structures
of a range of crystals from a US Navy
website

e Crystal models from the University of
Calgary

crystalline Having the regular in-
ternal arrangement of atoms, ions, or
molecules characteristic of crystals.
Crystalline materials need not neces-
sarily exist as crystals; all metals, for
example, are crystalline although
they are not usually seen as regular
geometric crystals.
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CRYSTAL DEFECTS

A crystal *lattice is formed by a repeated arrangement of atoms, ions, or
molecules. Within one cubic centimetre of material one can expect to find up
to 1022 atoms and it is extremely unlikely that all of these will be arranged in
perfect order. Some atoms will not be exactly in the right place with the result
that the lattice will contain *defects. The presence of defects within the crystal
structure has profound consequences for certain bulk properties of the solid,
such as the electrical resistance and the mechanical strength.

Point defects

Local crystal defects called point defects, appear as either impurity atoms or
gaps in the lattice. Impurity atoms can occur in the lattice either at interstitial
sites (between atoms in a non-lattice site) or at substitutional sites (replacing an
atom in the host lattice). Lattice gaps are called vacancies and arise when an
atom is missing from its site in the lattice. Vacancies are sometimes called
Schottky defects. A vacancy in which the missing atom has moved to an
interstitial position is known as a Frenkel defect.

Colour centres

In ionic crystals, the ions and vacancies always arrange themselves so that
there is no build-up of one type of charge in any small volume of the crystal. If
ions or charges are introduced into or removed from the lattice, there will, in
general, be an accompanying rearrangement of the ions and their outer
valence electrons. This rearrangement is called charge compensation and is
most dramatically observed in colour centres. If certain crystals are irradiated
with X-rays, gamma rays, neutrons, or electrons a colour change is observed.
For example, diamond may be coloured blue by electron bombardment and
quartz may be coloured brown by irradiation with neutrons. The high-energy
radiation produces defects in the lattice and, in an attempt to maintain charge
neutrality, the crystal undergoes some measure of charge compensation. Just
as electrons around an atom have a series of discrete permitted energy levels,
so charges residing at point defects exhibit sets of discrete levels, which are
separated from one another by energies corresponding to wavelengths in the
visible region of the spectrum. Thus light of certain wavelengths can be
absorbed at the defect sites, and the material appears to be coloured. Heating
the irradiated crystal can, in many cases, repair the irradiation damage and the
crystal loses its coloration.

Dislocations
Non-local defects may involve entire planes of atoms. The most important of
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Formation of a Schottky defect Formation of a Frenkel defect

Point defects in a two-dimensional crystal
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these is called a dislocation. Dislocations are essentially line-defects; that is,
there is an incomplete plane of atoms in the crystal lattice. In 1934, Taylor,
Orowan, and Polanyi independently proposed the concept of the dislocation to
account for the mechanical strength of metal crystals. Their microscopic
studies revealed that when a metal crystal is plastically deformed, the
deformation does not occur by a separation of individual atoms but rather by a
slip of one plane of atoms over another plane. Dislocations provide a
mechanism for this slipping of planes that does not require the bulk
movement of crystal material. The passage of a dislocation in a crystal is
similar to the movement of a ruck in a carpet. A relatively large force is
required to slide the carpet as a whole. However, moving a ruck over the
carpet can inch it forward without needing such large forces. This movement
of dislocations is called plastic flow.

Strength of materials

In practice most metal samples are polycrystalline; that is they consist of many
small crystals or grains at different angles to each other. The boundary
between two such grains is called a grain boundary. The plastic flow of
dislocations may be hindered by the presence of grain boundaries, impurity
atoms, and other dislocations. Pure metals produced commercially are
generally too weak to be of much mechanical use. The weakness of these
samples can be attributed to the ease with which the dislocations are able to
move within the sample. Slip, and therefore deformation, can then occur
under relatively low stresses. Impurity atoms, other dislocations, and grain
boundaries can all act as obstructions to the slip of atomic planes.
Traditionally, methods of making metals stronger involved introducing defects
that provide regions of disorder in the material. For example, in an alloy, such
as steel, impurity atoms (e.g. carbon) are introduced into the lattice during the
forging process. The perfection of the iron lattice structure is disturbed and the
impurities oppose the dislocation motion. This makes for greater strength and
stiffness.

The complete elimination of dislocations may seem an obvious way to
strengthen materials. However, this has only proved possible for hair-like
single crystal specimens called whiskers. These whiskers are only a few
micrometers thick and are seldom more than a few millimetres long;
nevertheless their strength approaches the theoretical value.

Dislocation in a two-dimensional crystal. The extra plane of atoms AB causes strain at
bond CD. On breaking, the bond flips across to form CB. This incremental movement shifts the
dislocation across so that the overall effect is to slide the two planes BDG and CF over each
other.
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crystallite A small crystal, e.g. one
of the small crystals forming part of
a microcrystalline substance.

crystallization The process of
forming crystals from a liquid or gas.

crystallography The study of crys-
tal form and structure. See also X-RAY
CRYSTALLOGRAPHY.

crystalloids See corLLoIDS.
crystal meth See AMPHETAMINES.
crystal structure See CRYSTAL.

crystal system A method of classi-
fying crystalline substances on the
basis of their unit cell. There are
seven crystal systems. If the cell is a
parallelopiped with sides a, b, and ¢
and if o is the angle between b and c,
B the angle between a and ¢, and vy
the angle between a and b, the sys-
tems are:

(1) cubic a=b=c and o~=p=y=90°

(2) tetragonal a=b+#c and o==y=90°
(3) rhombic (or orthorhombic) a#bz=c
and o=p=y=90°

(4) hexagonal a=b#c and o==y=90°
(5) trigonal a=b+#c and o=p=y~90°

(6) monoclinic a#b#c and a=y=90°#f3
(7) triclinic a=b=c and o=p=y

crystal test A type of *presump-
tive test in which a substance is
identified by the formation of charac-
teristic crystals when a certain
reagent is added. Usually, such tests
are conducted using a microscope
(microcrystal test). An example is the
*acetone-chlor-haemin test for
blood.

CS gas The vapour from a white
solid, C¢H,4(Cl)CH:C(CN),, causing

tears and choking, used in ‘crowd
control’.

cubane A crystalline hydrocarbon,
CgHg; r.d. 1.29; m.p. 131°C. It has a
novel structure with eight carbon
atoms at the corners if a cube, each
attached to a hydrogen. Cubane was

/
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first synthesized in 1964 by Philip
Eaton. The C-C-C bond angle of 90°
is highly strained and cubane and its
derivatives have been investigated as
high-energy fuels and explosives. In
particular, octanitrocubane, in which
the hydrogen atoms are replaced by
-NO, groups is possibly the most
powerful chemical explosive known,
although, so far, only small amounts
have been synthesized. It decom-
poses to carbon dioxide and nitro-
gen:

Cs (NO,)s — 8CO, + 4N,

Cubane

cubic close packing See cLoSE
PACKING.

cubic crystal A crystal in which
the unit cell is a cube (see CRYSTAL
SYSTEM). There are three possible
packings for cubic crystals: simple
cubic, face-centred cubic, and body-
centred cubic. See illustration oppo-
site.
(@/m
An interactive version of a simple cubic
crystal
e An interactive version of a body-centred
cubic crystal
e An interactive version of a face-centred
cubic crystal

cubic zircona (CZ) A crystal form
or zircon(IV) oxide (zircon dioxide,
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Curie, Marie

Zr0,) made by fusing ZrO, and allow-
ing it to cool under controlled condi-
tions. It is used as an inexpensive
diamond substitute in jewellery.
Often it is erroneously called *zircon.

cumene process An industrial
process for making phenol from ben-
zene. A mixture of benzene vapour
and propene is passed over a phos-
phoric acid catalyst at 250°C and
high pressure

Ce¢Hg + CH3;CH:CH, —

C¢HsCH(CHj),

The product is called cumene, and it
can be oxidized in air to a peroxide,
Ce¢HsC(CH;),0,H. This reacts with di-
lute acid to give phenol (CcHsOH) and
propanone (acetone, CH;0CHj),
which is a valuable by-product.

cupellation A method of separat-
ing noble metals (e.g. gold or silver)
from base metals (e.g. lead) by melt-
ing the mixture with a blast of hot
air in a shallow porous dish (the
cupel). The base metals are oxidized,
the oxide being carried away by the
blast of air or absorbed by the porous
container.

cuprammonium ion The tetraam-
minecopper(Il) ion [Cu(NH;),]**. See
AMMINE.

cupric compounds Compounds
containing copper in its higher (+2)

<] =
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body-centred

Cubic crystal

simple cubic

oxidation state; e.g. cupric chloride is
copper(Il) chloride (CuCl,).

cuprite A red mineral cubic form of
copper(I) oxide, Cu,0; an important
ore of copper. It occurs where de-
posits of copper have been subjected
to oxidation. The mineral has been
mined as a copper ore in Chile,
Democratic Republic of Congo, Bo-
livia, Australia, Russia, and the USA.

cupronickel A type of corrosion-re-
sistant alloy of copper and nickel
containing up to 45% nickel.

cuprous compounds Compounds
containing copper in its lower (+1)
oxidation state; e.g. cuprous chloride
is copper(I) chloride (CuCl).

curare A resin obtained from the
bark of South American trees of the
genera Strychnos and Chondrodendron
that causes paralysis of voluntary
muscle. It acts by blocking the action
of the neurotransmitter *acetyl-
choline at neuromuscular junctions.
Curare is used as an arrow poison by
South American Indians and was for-
merly used as a muscle relaxant in
surgery.

curie The former unit of *activity
(see RADIATION UNITS). It is named
after Marie *Curie.

Curie, Marie (Marya Sklodowska;
1867-1934) Polish-born French
chemist, who went to Paris in 1891.
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face-centred
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She married the physicist Pierre Curie
(1859-1906) in 1895 and soon began
work on seeking radioactive el-
ements other than uranium in
pitchblende (to account for its un-
expectedly high radioactivity). By
1898 she had discovered *radium
and *polonium, although it took her
four years to purify them. In 1903
the Curies shared the Nobel Prize for
physics with Henri *Becquerel, who
had discovered radioactivity. In 1911
Marie Curie was awarded the Nobel
Prize for chemistry.

Curie point (Curie temperature)
The temperature at which a ferro-
magnetic substance loses its ferro-
magnetism and becomes only
paramagnetic. For iron the Curie
point is 760°C and for nickel 356°C.
It is named after Pierre *Curie.

Curie's law The susceptibility (x) of
a paramagnetic substance is propor-
tional to the thermodynamic temper-
ature (T), i.e. x = C[T, where C is the
Curie constant. A modification of this
law, the Curie-Weiss law, is more
generally applicable. It states that

x = C/(T - 6), where 6 is the Weiss
constant, a characteristic of the ma-
terial. The law was first proposed by
Pierre *Curie and modified by an-
other French physicist, Pierre-Ernest
Weiss (1865-1940).

curium Symbol Cm. A radioactive
metallic transuranic element belong-
ing to the *actinoids; a.n. 96; mass
number of the most stable isotope
247 (half-life 1.64 x 107 years); r.d.
(calculated) 13.51; m.p. 1340+40°C.
There are nine known isotopes. The
element was first identified by Glenn
Seaborg (1912-99) and associates in
1944 and first produced by L. B.
Werner and L. Perlman in 1947 by
bombarding americium-241 with
neutrons.

[ {3) see wes Links J

¢ Information from the WebElements site
cutting agent (adulterant) A sub-
stance used to dilute illegal drugs
such as heroine and cocaine. Exam-
ples include flour, starch, sugar, and
caffeine.

cyanamide 1. An inorganic salt
containing the ion CN,?". See CALCIUM
CYANAMIDE. 2. A colourless crys-
talline solid, H,NCN, made by the ac-
tion of carbon dioxide on hot
sodamide. It is a weakly acidic com-
pound (the parent acid of cyanamide
salts) that is soluble in water and
ethanol. It is hydrolysed to urea in
acidic solutions.

cyanamide process See CALCIUM
CYANAMIDE.

cyanate See CYANIC ACID.

cyanic acid An unstable explosive
acid, HOCN. The compound has the
structure H-O-C=N, and is also called
fulminic acid. Its salts and esters are
cyanates (or fulminates). The com-
pound is a volatile liquid, which
readily polymerizes. In water it hy-
drolyses to ammonia and carbon
dioxide. It is isomeric with another
acid, H-N=C=0, which is known as
isocyanic acid. Its salts and esters are
isocyanates.

cyanide 1. An inorganic salt con-
taining the cyanide ion CN-. Cya-
nides are extremely poisonous
because of the ability of the CN- ion
to coordinate with the iron in
haemoglobin, thereby blocking the
uptake of oxygen by the blood. 2. A
metal coordination complex formed
with cyanide ions.

cyanide process A method of ex-
tracting gold by dissolving it in potas-
sium cyanide (to form the complex
ion [Au(CN),]’). The ion can be re-
duced back to gold with zinc.
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Cyanuric acid

cyanine dyes A class of dyes that
contain a -CH= group linking two ni-
trogen-containing heterocyclic rings.
They are used as sensitizers in pho-
tography.

cyanoacrylate A compound
formed by the condensation of an
alkyl cyanoethanoate and methanal.
Cyanoacrylates have the general for-
mula CH,:C(CN)COOR. The methyl
and ethyl esters are the basis of vari-
ous ‘superglues’, which rapidly poly-
merize in air (under the action of
moisture) to form strong adhesives.

cyanocobalamin See VITAMIN B
COMPLEX.

cyanogen A colourless gas, (CN),,
with a pungent odour; soluble in
water, ethanol, and ether; d. 2.335

g dm=; m.p. -27.9°C; b.p. -20.7°C.
The compound is very toxic. It may
be prepared in the laboratory by
heating mercury(Il) cyanide; industri-
ally it is made by gas-phase oxidation
of hydrogen cyanide using air over a
silver catalyst, chlorine over acti-
vated silicon(IV) oxide, or nitrogen
dioxide over a copper(II) salt.
Cyanogen is an important intermedi-
ate in the preparation of various fer-
tilizers and is also used as a stabilizer
in making nitrocellulose. It is an ex-
ample of a *pseudohalogen.

cyano group The group -CN in a
chemical compound. See NITRILES.

cyanohydrins Organic compounds

OH

T

N

formed by the addition of hydrogen
cyanide to aldehydes or ketones (in
the presence of a base). The first step
is attack by a CN- ion on the car-
bonyl carbon atom. The final product
is a compound in which a -CN and
-OH group are attached to the same
carbon atom. For example, ethanal
reacts as follows

CH,CHO + HCN — CH,CH(OH)(CN)

The product is 2-hydroxypropanoni-
trile. Cyanohydrins of this type can
be oxidized to a-hydroxy carboxylic
acids.

cyanuric acid A white crystalline
water-soluble trimer of cyanic acid,
(HNCO);. It is a cyclic compound hav-
ing a six-membered ring made of al-
ternating imide (NH) and carbonyl
(CO) groups (i.e. three -NH-C(O)-
units). It can also exist in a phenolic
form (three -N=C(OH)- units).

cyclamates Salts of the acid,
CeH11.NH.SO;H, where CgH; ;- is a cy-
clohexyl group. Sodium and calcium
cyclamates were formerly used as
sweetening agents in soft drinks, etc,
until their use was banned when
they were suspected of causing can-
cer.

cyclic Describing a compound that
has a ring of atoms in its molecules.
In homocyclic compounds all the

atoms in the ring are the same type,
e.g. benzene (C¢Hg) and cyclohexane
(CgH;,). These two examples are also
examples of carbocyclic compounds;
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i.e. the rings are of carbon atoms. If
different atoms occur in the ring, as
in pyridine (CsHsN), the compound is
said to be heterocyclic.

cyclic AMP A derivative of *ATP
that is widespread in animal cells as
a second messenger in many bio-
chemical reactions induced by hor-
mones. Upon reaching their target
cells, the hormones activate adeny-
late cyclase, the enzyme that cataly-
ses cyclic AMP production. Cyclic
AMP ultimately activates the en-
zymes of the reaction induced by the
hormone concerned. Cyclic AMP is
also involved in controlling gene ex-
pression and cell division, in im-
mune responses, and in nervous
transmission.

cyclization The formation of a
cyclic compound from an open-chain
compound. See RING.

cyclo- Prefix designating a cyclic
compound, e.g. a cycloalkane or a
cyclosilicate.

cycloaddition A reaction in which
two or more unsaturated compounds
form a cyclic adduct or in which a
cyclic compound is formed by addi-
tion between unsaturated parts of
the same molecule. In cycloaddition,
there is no net reduction in bond
multiplicity. The *Diels-Alder reac-
tion is an example. Cycloadditions
may be stepwise reactions or may be
*pericyclic reactions.

cycloalkanes Cyclic saturated hy-
drocarbons containing a ring of car-
bon atoms joined by single bonds.
They have the general formula
C.H,,, for example cyclohexane,
CeHy,, etc. In general they behave
like the *alkanes but are rather less
reactive.

[ @) see wes uncs ]

¢ Information about IUPAC nomenclature
cyclobutadiene A short-lived

cyclic diene hydrocarbon, C,H,, with
its four carbon atoms in a square
ring. It is made by degradation of its
metal complexes, and has a short
lifetime of a few seconds. It under-
goes addition reactions with alkynes.

cyclohexadiene-1,4-dione
(benzoquinone; quinone) A yellow
solid, CcH,O,; r.d. 1.3; m.p. 116°C. It
has a six-membered ring of carbon
atoms with two opposite carbon
atoms linked to oxygen atoms (C=0)
and the other two pairs of carbon
atoms linked by double bonds
(HC=CH). The compound is used in
making dyes. See also QUINHYDRONE
ELECTRODE.

cyclohexane A colourless liquid
*cycloalkane, C¢gH,; r.d. 0.78; m.p.
6.5°C; b.p. 81°C. It occurs in petro-
leum and is made by passing ben-
zene and hydrogen under pressure
over a heated Raney nickel catalyst at
150°C, or by the reduction of cyclo-
hexanone. It is used as a solvent and
paint remover and can be oxidized
using hot concentrated nitric acid to
hexanedioic acid (adipic acid). The cy-
clohexane ring is not planar and can
adopt boat and chair *conforma-
tions; in formulae it is represented
by a single hexagon.

cyclonite A highly explosive nitro
compound, (CH,N.NO,),. It has a
cyclic structure with a six-membered
ring of alternating CH, groups and
nitrogen atoms, with each nitrogen
being attached to a NO, group. It is
made by nitrating hexamine,

OZN/

Cyclonite



159

cystine

CeH;,N,, which is obtained from am-
monia and methanal. Cyclonite is a
very powerful explosive used mainly
for military purposes. It is also called
RDX. The abbreviation is for ‘Re-
search Department composition X',
used at the Chemical Research and
Development Department, Wool-
wich.

cyclo-octatetraene (COT) A yellow
liquid cyclic compound, CgHg, with
eight carbon atoms and four double
bonds in its ring; b.p. 142°C. It is
made by polymerizing ethyne (acety-
lene) in the presence of nickel salts.
It forms addition compounds and cer-
tain metal complexes, such as ura-
nocene, (CgHg),U.

cyclopentadiene A colourless lig-
uid cyclic *alkene, CsHg; r.d. 0.8021;
m.p. -97.2°C; b.p. 40.0°C. It is pre-
pared as a by-product during the frac-
tional distillation of crude benzene
from coal tar. It undergoes condensa-
tion reactions with ketones to give
highly coloured compounds (ful-
venes) and readily undergoes poly-
merization at room temperature to
give the dimer, dicyclopentadiene.
Cyclopentadiene itself is not an aro-
matic compound because it does not
have the required number of pi elec-
trons. However, removal of a hydro-
gen atom produces the stable
cyclopentadienyl ion, C;Hs™, which
does have aromatic properties. In
particular, the ring can coordinate to
positive ions in such compounds as
*ferrocene.

H H
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Cyclopentadiene

cyclopentadienyl ion See cy-
CLOPENTADIENE.

Cyclophane

cyclophane A compound consist-
ing of one or more aromatic rings
forming part of a larger ring system
in which aliphatic chains of the CH,
groups link the aromatic rings. Com-
pounds of this type have the suffix
phane in their names. Depending on
the sizes of the (CH,), chains, the aro-
matic rings may not be planar.

[ @) see wes s ]

¢ Information about IUPAC nomenclature
cyclopropane A colourless gas,
C3Hg, b.p. -34.5°C, whose molecules
contain a triangular ring of carbon
atoms. It is made by treating 1,3-di-
bromopropane with zinc metal, and
is used as a general anaesthetic.

cyclosarin A highly toxic colourless
liquid, C,H,,FO,P; r.d. 1.13; m.p.
-30°C; b.p. 239°C. it is a fluorinated
organophosphorus compound,
(fluoromethylphosphoryl)oxycyclo-
hexane. Cyclosarin was discovered in
1949 and belongs to the G-series of
*nerve agents (GF).

cyclotetramethylenetetran-
itramine See HMX.

cylinder gas See BOTTLED Gas.
cysteine See AMINO ACID.

cystine A molecule resulting from
the oxidation reaction between the
sulphydryl (-SH) groups of two cys-
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teine molecules (see AMINO ACID).
This often occurs between adjacent
cysteine residues in polypeptides.
The resultant disulphide bridges
(-S-S-) are important in stabilizing
the structure of protein molecules.

cytidine A nucleoside comprising
one cytosine molecule linked to a D-
ribose sugar molecule. The derived
nucleotides, cytidine mono-, di-, and
triphosphate (CMP, CDP, and CTP re-
spectively) participate in various bio-
chemical reactions, notably in

phospholipid synthesis.
N
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Cytidine

cytochrome Any of a group of
proteins, each with an iron-contain-
ing *haem group, that form part of
the *electron transport chain in mi-
tochondria and chloroplasts. Elec-
trons are transferred by reversible
changes in the iron atom between
the reduced Fe(Il) and oxidized Fe(III)
states.

cytosine A *pyrimidine derivative.

It is one of the principal component

bases of *nucleotides and the nucleic
acids *DNA and *RNA.

N

LA

Cytosine

CZ See CUBIC ZIRCONA.

CZE Capillary zone electro-
phoresis. See CAPILLARY ELEC-
TROPHORESIS.



2,4-D 2,4-dichlorophenoxyacetic
acid (2,4-dichlorophenoxyethanoic
acid): a synthetic auxin frequently
used as a weedkiller of broad-leaved
weeds. See also PESTICIDE.

Dakin reaction See BAEYER-
VILLIGER REACTION.

dalton See ATOMIC MASS UNIT.

Dalton, John (1766-1844) British
chemist and physicist. In 1801 he for-
mulated his law of partial pressures
(see DALTON’S LAW), but he is best re-
membered for *Dalton’s atomic
theory, which he announced in

1803. Dalton also studied colour
blindness (a condition, once called
Daltonism, that he shared with his
brother).

Dalton’s atomic theory A theory
of *chemical combination, first
stated by John *Dalton in 1803. It in-
volves the following postulates:

(1) Elements consist of indivisible
small particles (atoms).

(2) All atoms of the same element are
identical; different elements have dif-
ferent types of atom.

(3) Atoms can neither be created nor
destroyed.

(4) ‘Compound elements’ (i.e. com-
pounds) are formed when atoms of
different elements join in simple ra-
tios to form ‘compound atoms’ (i.e.
molecules).

Dalton also proposed symbols for
atoms of different elements (later re-
placed by the present notation using
letters).

Dalton’s law The total pressure of
a mixture of gases or vapours is
equal to the sum of the partial pres-

sures of its components, i.e. the sum
of the pressures that each compo-
nent would exert if it were present
alone and occupied the same volume
as the mixture of gases. Strictly
speaking, the principle is true only
for ideal gases. The law was discov-
ered by John Dalton.

Daniell cell A type of primary
*voltaic cell with a copper positive
electrode and a negative electrode of
a zinc amalgam. The zinc-amalgam
electrode is placed in an electrolyte
of dilute sulphuric acid or zinc sul-
phate solution in a porous pot,
which stands in a solution of copper
sulphate in which the copper elec-
trode is immersed. While the reac-
tion takes place ions move through
the porous pot, but when it is not in
use the cell should be dismantled to
prevent the diffusion of one elec-
trolyte into the other. The e.m.f. of
the cell is 1.08 volts with sulphuric
acid and 1.10 volts with zinc sul-
phate. It was invented in 1836 by the
British chemist John Daniell (1790~
1845).

dark reaction See PHOTOSYNTHESIS.

darmstadtium Symbol Ds. A radio-
active transactinide; a.n. 110. It has
several isotopes; the most stable
being 281Ds, with a half-life of about
1.6 minutes. It can be produced by
bombarding a plutonium target with
sulphur nuclei or by bombarding a
lead target with nickel nuclei. Its
chemical properties probably resem-
ble those of platinum. Darmstadtium
was named after the German city of
Darmstadt, the location of the Insti-



date-rape drugs

162

tute for Heavy Ion Research where it
was first produced.
[ (@) see wes uns J

¢ Information from the WebElements site

date-rape drugs Drugs that are
used to render the victim unable to
resist a sexual assault. Particular
drugs used for this purpose are fluni-
trazepam and gammahydroxybutyric
acid (GHB).

dating techniques Methods of es-
timating the age of rocks, palaeonto-
logical specimens, archaeological
sites, etc. Relative dating techniques
date specimens in relation to one an-
other; for example, stratigraphy is
used to establish the succession of
fossils. Absolute (or chronometric)
techniques give an absolute estimate
of the age and fall into two main
groups. The first depends on the exis-
tence of something that develops at a
seasonally varying rate, as in den-
drochronology and varve dating. The
other uses some measurable change
that occurs at a known rate, as in
*chemical dating, radioactive (or ra-
diometric) dating (see CARBON DATING;
FISSION-TRACK DATING; POTASSIUM-
ARGON DATING; RUBIDIUM-STRONTIUM
DATING; URANIUM-LEAD DATING),
*amino acid racemization, and *ther-
moluminescence.

dative bond See CHEMICAL BOND.

daughter 1. A nuclide produced by
radioactive *decay of some other nu-
clide (the parent). 2. An ion or free
radical produced by dissociation or
reaction of a parent ion or radical.

Davisson-Germer experiment
See ELECTRON DIFFRACTION.

Davy, Sir Humphry (1778-1829)
British chemist, who studied gases at
the Pneumatic Institute in Bristol,
where he discovered the anaesthetic
properties of *dinitrogen oxide (ni-
trous oxide). He moved to the Royal

Institution, London, in 1801 and five
years later isolated potassium and
sodium by electrolysis. He also pre-
pared barium, boron, calcium, and
strontium as well as proving that
chlorine and iodine are elements. In
1816 he invented the *Davy lamp.

Davy lamp An oil-burning miner’s
safety lamp invented by Sir Humphry
Davy in 1816 when investigating
firedamp (methane) explosions in
coal mines. The lamp has a metal
gauze surrounding the flame, which
cools the hot gases by conduction
and prevents ignition of gas outside
the gauze. If firedamp is present it
burns within the gauze cage, and
lamps of this type are still used for
testing for gas.

d-block elements The block of el-
ements in the *periodic table consist-
ing of scandium, yttrium, and
lanthanum together with the three
periods of transition elements: tita-
nium to zing, zirconium to cadmium,
and hafnium to mercury. These el-
ements all have two outer s-electrons
and have d-electrons in their penulti-
mate shell; i.e. an outer electron
configuration of the form (n-1)d*ns?,
where x is 1 to 10. See also TRANSITION
ELEMENTS.

DDT Dichlorodiphenyltrichloro-
ethane; a colourless organic crys-
talline compound, (CIC¢H,),CH(CCl,),
made by the reaction of trichloro-
methanal with chlorobenzene. DDT
is the best known of a number of
chlorine-containing *pesticides used
extensively in agriculture in the
1940s and 1950s. The compound is
stable, accumulates in the soil, and
concentrates in fatty tissue, reaching
dangerous levels in carnivores high
in the food chain. Restrictions are
now placed on the use of DDT and
similar pesticides.

deacetylation The removal of an
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acetyl group (-COCHj;) from a mol-
ecule. Deacetylation is an important
reaction in several biochemical path-
ways, including the *Krebs cycle.

Deacon process A former process
for making chlorine by oxidizing hy-
drogen chloride in air at 450°C using
a copper chloride catalyst. It was
patented in 1870 by Henry Deacon
(1822-76).

deactivation A partial or complete
reduction in the reactivity of a sub-
stance, as in the poisoning of a cata-
lyst.

deamination The removal of an
amino group (-NH,) from a com-
pound. Enzymatic deamination oc-
curs in the liver and is important in
amino-acid metabolism, especially in
their degradation and subsequent ox-
idation. The amino group is removed
as ammonia and excreted, either un-
changed or as urea or uric acid.

de Broglie, Louis-Victor Pierre
Raymond (1892-1987) French
physicist, who taught at the Sor-
bonne in Paris for 34 years. He is best
known for his 1924 theory of
wave-particle duality (see DE BROGLIE
WAVELENGTH), which reconciled the
corpuscular and wave theories of
light and proved important in quan-
tum theory. For this work he was
awarded the 1929 Nobel Prize.

de Broglie wavelength The
wavelength of the wave associated
with a moving particle. The wave-
length (A) is given by A = hjmv, where
his the Planck constant, m is the
mass of the particle, and v its veloc-
ity. The de Broglie wave was first
suggested by Louis de Broglie in 1924
on the grounds that electromagnetic
waves can be treated as particles
(photons) and one could therefore
expect particles to behave in some
circumstances like waves. The subse-
quent observation of *electron dif-

fraction substantiated this argument
and the de Broglie wave became the
basis of *wave mechanics.

debye A unit of electric dipole mo-
ment in the electrostatic system,
used to express dipole moments of
molecules. It is the dipole moment
produced by two charges of opposite
sign, each of 1 statcoulomb and
placed 1078 cm apart, and has the
value 3.335 64 x 10-3° coulomb
metre. It is named after Peter Debye
(1884-1966).

Debye, Peter Joseph William
(1884-1966) Dutch-born physical
chemist who worked on a number of
topics. He introduced the idea of elec-
tric dipole moments in molecules
and, in 1923, working with Erich
Hiickel, he published the *Debye-
Hiickel theory of electrolytes. Debye
was awarded the 1936 Nobel Prize
for chemistry.

Debye-Hiickel-Onsager theory
A theory providing quantitative re-
sults for the conductivity of ions in
dilute solutions of strong elec-
trolytes, which enables the
*Kohlrausch equation to be derived.
This theory can be stated as: K=A +
BA°,,, where A% is the limiting molar
conductivity.

A = 7%eF?[31n(2/eRT) Y

B = qz%eF[241eRT(2[eRT) Y~
where z is the charge of an ion, e is
the charge of an electron, Fis Fara-
day’s constant, 1 is the viscosity of
the liquid, R is the gas constant, T is
the thermodynamic temperature,
and g = 0.586 in the case of a 1,1 elec-
trolyte. The Debye-Hiickel-Onsager
theory uses the same assumptions
and approximations as the
*Debye-Hiickel theory and is also
limited to very dilute solutions (usu-
ally less than 103 M) for which there
is good agreement between theory
and experiment. The modifications
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were made by the Norwegian-born
US chemist Lars Onsager (1903-76).

Debye-Hiickel theory A theory to
explain the nonideal behaviour of
electrolytes, published in 1923 by
Peter *Debye and Erich Hiickel
(1896-1980). It assumes that elec-
trolytes in solution are fully dissoci-
ated and that nonideal behaviour
arises because of electrostatic interac-
tions between the ions. The theory
shows how to calculate the extra free
energy per ion resulting from such
interactions, and consequently the
activity coefficient. It gives a good de-
scription of nonideal electrolyte be-
haviour for very dilute solutions, but
cannot be used for more concen-
trated electrolytes.

Debye-Scherrer method A tech-
nique used in *X-ray diffraction in
which a crystal in powder form is
fixed to a thin fibre or thin silica
tube, which is then rotated in the
path of a beam of monochromatic X-
rays. A circular diffraction ring,
called the Debye-Scherrer ring, con-
centric with the undeflected beam

is formed. The diffraction pattern is
recorded on a cylindrical film, which
has its axis parallel to the axis of ro-
tation of the material. The Debye-
Scherrer method is used to obtain in-
formation about the material. The
grains of the powdered crystal must
be much larger than the atomic di-
mensions in order for them to dif-
fract X-rays.

Debye temperature See DEBYE
THEORY OF SPECIFIC HEAT.

Debye theory of specific heat A
theory of the specific heat capacity of
solids put forward by Peter *Debye in
1912, in which it was assumed that
the specific heat is a consequence of
the vibrations of the atoms of the lat-
tice of the solid. In contrast to the
*Einstein theory of specific heat,

which assumes that each atom has
the same vibrational frequency,
Debye postulated that there is a con-
tinuous range of frequencies that
cuts off at a maximum frequency vp,
which is characteristic of a particular
solid. The theory leads to the conclu-
sion that the specific heat capacity of
solids is proportional to T3, where T
is the thermodynamic temperature.
This result is in very good agreement
with experiment at low tempera-
tures.

A key quantity in this theory is the
Debye temperature, 0p, defined by 6p =
hvpk, where h is the Planck constant
and k is the Boltzmann constant. The
Debye temperature is characteristic
of a particular solid. For example, the
Debye temperature of sodium is 150
K and the Debye temperature of cop-
peris 315 K.

Debye-Waller factor A quantity
that characterizes the effect of lattice
vibrations on the scattering intensity
in X-ray diffraction by crystals. The
existence of the Debye-Waller factor
was pointed out and calculated by
Peter *Debye in 1913-1914 and Ivar
Waller in 1923-1925. Because the
amplitude of lattice vibrations in-
creases with temperature, it was
thought in the very early days of X-
ray diffraction studies that the dif-
fraction pattern would disappear at
high temperatures. The work of
Debye and Waller showed that the
lattice vibrations at higher tempera-
tures reduce the intensities of the dif-
fracted radiation but do not destroy
the diffraction pattern altogether.

deca- Symbol da. A prefix used in
the metric system to denote ten
times. For example, 10 coulombs =1
decacoulomb (daC).

decahydrate A crystalline hydrate
containing ten moles of water per
mole of compound.
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decalin (decahydronaphthalene) A
liquid bicyclic hydrocarbon, C,oHg,
used as a solvent. There are two
stereoisomers, cis (b.p. 198°C) and
trans (b.p. 185°C), made by the cat-
alytic hydrogenation of naphthalene
at high temperatures and pressures.

Decalin

decanedioic acid (sebacic acid) A
white crystalline dicarboxylic acid,
HOOC(CH,)sCOOH; r.d. 1.12; m.p.
131-134.5°C; b.p. 294.4°C (100
mmHG). Obtained from castor oil, it
is used in plasticizers, lubricants, and
cosmetics and in the production of
other organic chemicals.

decanoic acid (capric acid) A white
crystalline straight-chain saturated
*carboxylic acid, CH;(CH,)sCOOH;
m.p. 31.5°C. Its esters are used in per-
fumes and flavourings.

decantation The process of sepa-
rating a liquid from a settled solid
suspension or from a heavier immis-
cible liquid by carefully pouring it
into a different container.

decarboxylation The removal of
carbon dioxide from a molecule. De-
carboxylation is an important reac-
tion in many biochemical processes,
such as the *Krebs cycle and the syn-
thesis of fatty acids.

decay 1. The spontaneous transfor-
mation of one radioactive nuclide
into a daughter nuclide, which may
be radioactive or may not, with the
emission of one or more particles or
photons. The decay of N, nuclides to
give N nuclides after time t is given
by N = Nyexp(-yt), where v is called

the decay constant or the disintegra-
tion constant. The reciprocal of the
decay constant is the mean life. The
time required for half the original
nuclides to decay (i.e. N = '4N,) is
called the half-life of the nuclide. The
same terms are applied to elemen-
tary particles that spontaneously
transform into other particles. For
example, a free neutron decays into a
proton and an electron. 2. The rever-
sion of excited states of atoms or
molecules to the ground state.

deci- Symbol d. A prefix used in the
metric system to denote one tenth.
For example, 0.1 coulomb = 1 deci-
coulomb (dC); 0.1 metre = 1 decime-
tre (dm).

decoction A solution made by boil-
ing material (e.g. plant substances) in
water, followed by filtration.

decomposition 1. The chemical
breakdown of organic matter into its
constituents by the action of bacteria
and other organisms. 2. A chemical
reaction in which a compound
breaks down into simpler com-
pounds or into elements.

decrepitation A crackling noise
produced when certain crystals are
heated, caused by changes in struc-
ture resulting from loss of water of
crystallization.

defect See CRYSTAL DEFECT.

defect state A quantum mechani-
cal state that exists due to the pres-
ence of a *crystal defect.

definite proportions See CHEMI-
CAL COMBINATION.

deflagration A type of explosion
in which the shock wave arrives be-
fore the reaction is complete (be-
cause the reaction front moves more
slowly than the speed of sound in the
medium).

degassing The removal of dis-
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solved, absorbed, or adsorbed gases
from a liquid or solid. Degassing is
important in vacuum systems, where
gas absorbed in the walls of the vac-
uum vessel starts to desorb as the
pressure is lowered.

degeneracy The state of being *de-
generate.

degenerate Having quantum
states with the same energy. For ex-
ample, the five d-orbitals in an iso-
lated transition-metal atom have the
same energy (although they have dif-
ferent spatial arrangements) and are
thus degenerate. The application of a
magnetic or electric field may cause
the quantum states to have different
energies (see CRYSTAL-FIELD THEORY).
In this case, the degeneracy is said to
be ‘lifted’.

degenerate rearrangement A
rearrangement of a molecule in
which the product is chemically in-
distinguishable from the reactant.
Degenerate rearrangements can be
detected by using isotopic labelling.

degradation A type of organic
chemical reaction in which a com-
pound is converted into a simpler
compound. An example is the *Bar-
bier-Wieland degradation.

degree A division on a *tempera-
ture scale.

degrees absolute See ABSOLUTE.

degrees of freedom 1. The num-
ber of independent parameters re-
quired to specify the configuration of
a system. This concept is applied in
the *kinetic theory to specify the
number of independent ways in
which an atom or molecule can take
up energy. There are however vari-
ous sets of parameters that may be
chosen, and the details of the conse-
quent theory vary with the choice.
For example, in a monatomic gas
each atom may be allotted three de-

grees of freedom, corresponding to
the three coordinates in space re-
quired to specify its position. The
mean energy per atom for each
degree of freedom is the same, ac-
cording to the principle of the *equi-
partition of energy, and is equal to
kT/2 for each degree of freedom
(where k is the *Boltzmann constant
and T is the thermodynamic temper-
ature). Thus for a monatomic gas the
total molar energy is 3LkT/2, where L
is the Avogadro constant (the num-
ber of atoms per mole). As k=R[L,
where R is the molar gas constant,
the total molar energy is 3RT/2.

In a diatomic gas the two atoms re-
quire six coordinates between them,
giving six degrees of freedom. Com-
monly these are interpreted as six in-
dependent ways of storing energy: on
this basis the molecule has three de-
grees of freedom for different direc-
tions of translational motion, and in
addition there are two degrees of
freedom for rotation of the molecu-
lar axis and one vibrational degree of
freedom along the bond between the
atoms. The rotational degrees of free-
dom each contribute their share,
kT/2, to the total energy; similarly the
vibrational degree of freedom has an
equal share of kinetic energy and
must on average have as much po-
tential energy. The total energy per
molecule for a diatomic gas is there-
fore 3kT/2 (for translational energy of
the whole molecule) plus 2kT/2 (for
rotational energy) plus 2kT/2 (for vi-
brational energy), i.e. a total of 7kT/2.
2. The least number of independent
variables required to define the state
of a system in the *phase rule. In this
sense a gas has two degrees of free-
dom (e.g. temperature and pressure).

dehydration 1. Removal of water
from a substance. 2. A chemical re-
action in which a compound loses
hydrogen and oxygen in the ratio
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2:1. For instance, ethanol passed over
hot pumice undergoes dehydration
to ethene:

C,HsOH - H,0 — CH,:CH,
Substances such as concentrated sul-
phuric acid, which can remove H,0
in this way, are known as dehydrat-
ing agents. For example, with sul-
phuric acid, methanoic acid gives
carbon monoxide:

HCOOH - H,0 — CO

dehydrogenase Any enzyme that
catalyses the removal of hydrogen
atoms (*dehydrogenation) in biologi-
cal reactions. Dehydrogenases occur
in many biochemical pathways but
are particularly important in driving
the *electron-transport-chain reac-
tions of cell respiration. They work
in conjunction with the hydrogen-
accepting coenzymes *NAD and
*FAD.

dehydrogenation A chemical re-
action in which hydrogen is removed
from a compound. Dehydrogenation
of organic compounds converts sin-
gle carbon-carbon bonds into double
bonds. It is usually effected by means
of a metal catalyst or - in biological
systems - by *dehydrogenases.

dehydrohalogenation A type of
chemical reaction in which a hydro-
gen halide is removed from a mol-
ecule with formation of a double
bond. A simple example is the forma-
tion of ethene from chloroethane
using alcoholic potassium hydroxide:
CH;CH,Cl1 + KOH — CH, = CH, +
KCl +H,0.

deionized water Water from
which ionic salts have been removed
by ion-exchange. It is used for many
purposes as an alternative to distilled
water.

deliquescence The absorption of
water from the atmosphere by a hy-

groscopic solid to such an extent that
a concentrated solution of the solid
eventually forms.

delocalization The spreading of
valence electrons over two or more
bonds in a chemical compound. In
certain compounds, the valence elec-
trons cannot be regarded as re-
stricted to definite bonds between
the atoms but move over several
atoms in the molecule. Such elec-
trons are said to be delocalized. Delo-
calization occurs particularly when
the compound contains alternating
(conjugated) double or triple bonds,
the delocalized electrons being those
in the pi *orbitals. The molecule is
then more stable than it would be if
the electrons were localized, an ef-
fect accounting for the properties of
benzene and other aromatic com-
pounds. The energy difference be-
tween the actual delocalized state
and a localized state is the delocaliza-
tion energy. Another example is in
the ions of carboxylic acids, contain-
ing the carboxylate group -COO-. In
terms of a simple model of chemical
bonding, this group would have the
carbon joined to one oxygen by a
double bond (i.e. C=0) and the other
joined to O by a single bond (C-O").
In fact, the two C-O bonds are identi-
cal because the extra electron on the
O- and the electrons in the pi bond
of C=0 are delocalized over the three
atoms. Delocalization of electrons is
a feature of metallic bonding. The de-
localization energy of molecules can
be calculated approximately using
the *Hiickel approximation, as was
done originally by Hiickel. However,
modern computing power enables
delocalization energy to be calculated
using *ab-initio calculations, even for
large molecules. See also LOCALIZATION.

delta bonding Chemical bonding
involving delta (§) orbitals. A & orbital
is so called because it resembles a
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d-orbital when viewed along the axis
of a molecule and has two units of
orbital angular momentum around
the internuclear axis. The formation
of 8 bonds originates in the overlap
of d-orbitals on different atoms. Delta
orbitals contribute to the bonding of
cluster compounds of transition met-
als.

delta-brass A strong hard type of
*brass that contains, in addition to
copper and zinc, a small percentage
of iron. It is mainly used for making
cartridge cases.

deltahedron A polyhedron that
has triangular faces. See WADE’S
RULES.

delta-iron Sece 1RON.
delta orbital See DELTA BONDING.

delta value A quantity that meas-
ures the shift in *nuclear magnetic
resonance (NMR).

denature 1. To add a poisonous or
unpleasant substance to ethanol to
make it unsuitable for human con-
sumption (see METHYLATED SPIRITS).

2. To produce a structural change in
a protein or nucleic acid that results
in the reduction or loss of its biologi-
cal properties. Denaturation is caused
by heat, chemicals, and extremes of
PH. The differences between raw and
boiled eggs are largely a result of de-
naturation. 3. To add another iso-
tope to a fissile material to make it
unsuitable for use in a nuclear
weapon.

dendrimer (dendritic polymer) A
type of macromolecule in which a
number of chains radiate out from a
central atom or cluster of atoms.
Dendritic polymers have a number
of possible applications. See also
SUPRAMOLECULAR CHEMISTRY.

dendrite A crystal that has
branched in growth into two parts.

Crystals that grow in this way (den-
dritic growth) have a branching tree-
like appearance.

dendrochronology An absolute
*dating technique using the growth
rings of trees. It depends on the fact
that trees in the same locality show a
characteristic pattern of growth rings
resulting from climatic conditions.
Thus it is possible to assign a definite
date for each growth ring in living
trees, and to use the ring patterns to
date fossil trees or specimens of
wood (e.g. used for buildings or ob-
jects on archaeological sites) with
lifespans that overlap those of living
trees. The bristlecone pine (Pinus aris-
tata), which lives for up to 5000
years, has been used to date speci-
mens over 8000 years old. Fossil
specimens accurately dated by
dendrochronology have been used

to make corrections to the *carbon-
dating technique. Dendrochronology
is also helpful in studying past cli-
matic conditions. Analysis of trace el-
ements in sections of rings can also
provide information on past atmos-
pheric pollution.

denitrification A chemical process
in which nitrates in the soil are re-
duced to molecular nitrogen, which
is released into the atmosphere. This
process is effected by the bacterium
Pseudomonas denitrificans, which uses
nitrates as a source of energy for
other chemical reactions in a manner
similar to respiration in other organ-
isms. Compare NITRIFICATION. See NI-
TROGEN CYCLE.

de novo pathway Any metabolic
pathway in which a *biomolecule is
synthesized from simple precursor
molecules. Nucleotide synthesis is an
example.

density The mass of a substance
per unit of volume. In *SI units it is
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measured in kg m3. See also RELATIVE
DENSITY; VAPOUR DENSITY.

density-function theory A
method for the theoretical treatment
of molecules, in which the electron
density is considered rather than the
interactions of individual electrons. It
is successful for large molecules.

deoxyribonucleic acid See DNA.

depolarization The prevention of
*polarization in a *primary cell. For
example, maganese(IV) oxide (the de-
polarizer) is placed around the posi-
tive electrode of a *Leclanché cell to
oxidize the hydrogen released at this
electrode.

depression of freezing point
The reduction in the freezing point
of a pure liquid when another sub-
stance is dissolved in it. It is a *col-
ligative property - i.e. the lowering
of the freezing point is proportional
to the number of dissolved particles
(molecules or ions), and does not de-
pend on their nature. It is given by At
= K{Cyp, where C,, is the molar con-
centration of dissolved solute and K¢
is a constant (the cryoscopic constant)
for the solvent used. Measurements
of freezing-point depression (using a
Beckmann thermometer) can be used
for finding relative molecular masses
of unknown substances.

[ @) see wes Links
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depsides A class of compounds
formed by condensation of a pheno-
lic carboxylic acid (such as gallic acid)
with a similar compound, the reac-
tion being between the carboxylic
acid group on one molecule and a
phenolic OH group on the other.
Depsides are similar to esters, except
that the OH group is linked directly
to an aromatic ring. In such com-
pounds, the -O-CO- group is called a
depside linkage. Depsides are found

in tannins and other natural prod-
ucts.

derivative A compound that is de-
rived from some other compound
and usually maintains its general
structure, e.g. trichloromethane
(chloroform) is a derivative of
methane.

derived unit See BASE UNIT.

desalination The removal of salt
from sea water for irrigation of the
land or to provide drinking water.
The process is normally only eco-
nomic if a cheap source of energy,
such as the waste heat from a nu-
clear power station, can be used. De-
salination using solar energy has the
greatest economic potential since
shortage of fresh water is most acute
in hot regions. The methods em-
ployed include evaporation, often
under reduced pressure (flash evapo-
ration); freezing (pure ice forms from
freezing brine); *reverse osmosis;
*electrodialysis; and *ion exchange.

dessicant A drying agent. There
are many types, including anhydrous
calcium chloride, anhydrous calcium
sulphate, concentrated sulphuric
acid, phosphorus (V) oxide, solid
sodium hydroxide, lime, and *silica
gel.

desiccation A method of preserv-
ing organic material by the removal
of its water content. Cells and tissues
can be preserved by desiccation after
lowering the samples to freezing
temperatures; thereafter they can be
stored at room temperature.

desiccator A container for drying
substances or for keeping them free
from moisture. Simple laboratory
desiccators are glass vessels contain-
ing a drying agent, such as silica gel.
They can be evacuated through a tap
in the lid.

designer drug A synthetic drug
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with a chemical structure that is sim-
ilar to that of an existing drug. De-
signer drugs are produced either to
increase potency or to avoid detec-
tion. An example is ecstasy (MDMA),
which is a variant of MDA.

desorption The removal of ad-
sorbed atoms, molecules, or ions
from a surface.

destructive distillation The
process of heating complex organic
substances in the absence of air so
that they break down into a mixture
of volatile products, which are con-
densed and collected. At one time
the destructive distillation of coal (to
give coke, coal tar, and coal gas) was
the principal source of industrial or-
ganic chemicals.

desulphuration The removal of
sulphur from a compound. Desulphu-
ration has been implicated in the
toxicity of a number of sulphur-
containing organic compounds: it is
postulated that the atomic sulphur
released into a cell by desulphura-
tion, which is highly electrophilic,
can bind to proteins and thereby
alter their function.

detailed balance The cancellation
of the effect of one process by an-
other process that operates at the
same time with the opposite effect.
An example of detailed balance is
provided by a chemical reaction be-
tween two molecular species A and
B, which results in the formation of
the molecular species C and D. De-
tailed balance for this chemical reac-
tion occurs if the rate at which the
reaction A + B — C + D occurs is
equal to the rate at which the reac-
tion C+D — A + B occurs. The equi-
librium state in thermodynamics is
characterized by detailed balance.

detergent A substance added to
water to improve its cleaning proper-
ties. Although water is a powerful

solvent for many compounds, it will
not dissolve grease and natural oils.
Detergents are compounds that cause
such nonpolar substances to go into
solution in water. *Soap is the origi-
nal example, owing its action to

the presence of ions formed from
long-chain fatty acids (e.g. the
octadecanoate (stearate) ion,
CH;(CH,);,COO"). These have two
parts: a nonpolar part (the hydro-
carbon chain), which attaches to the
grease; and a polar part (the -COO~
group), which is attracted to the
water. A disadvantage of soap is that
it forms a scum with hard water (see
HARDNESS OF WATER) and is relatively
expensive to make. Various synthetic
(‘soapless’) detergents have been de-
veloped from petrochemicals. The
commonest, used in washing pow-
ders, is sodium dodecylbenzene-
sulphonate, which contains
CH;(CH,);,C¢H,SO,0" ions. This, like
soap, is an example of an anionic de-
tergent, i.e. one in which the active
part is a negative ion. Cationic deter-
gents have a long hydrocarbon
chain connected to a positive ion.
Usually they are amine salts, as in
CH;(CH,);5N(CHj3)5*Br~, in which the
polar part is the -N(CH3);" group.
Nonionic detergents have non-

ionic polar groups of the type
-C,H,-0-C,H,-OH, which form
hydrogen bonds with the water.
Synthetic detergents are also used as
wetting agents, emulsifiers, and sta-
bilizers for foam.

detonating gas See ELECTROLYTIC
GAS.

deuterated compound A com-
pound in which some or all of the
hydrogen-1 atoms have been re-
placed by deuterium atoms.

deuterium (heavy hydrogen) Sym-
bol D. The isotope of hydrogen that
has a mass number 2 (r.a.m. 2.0144).
Its nucleus contains one proton and
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one neutron. The abundance of deu-
terium in natural hydrogen is about
0.015%. It is present in water as the
oxide HDO (see also HEAVY WATER),
from which it is usually obtained by
electrolysis or fractional distillation.
Its chemical behaviour is almost
identical to hydrogen although deu-
terium compounds tend to react
rather more slowly than the corre-
sponding hydrogen compounds. Its
physical properties are slightly differ-
ent from those of hydrogen, e.g. b.p.
23.6 K (hydrogen 20.4 K).

deuterium oxide See HEAVY
‘WATER.

deuteron A nucleus of a deuterium
atom, consisting of a proton and a
neutron bound together; the ion D*
formed by ionization of a deuterium
atom. See also HYDRON.

Devarda’s alloy An alloy of copper
(50%), aluminium (45%) and zinc (5%),
used in chemical tests for the nitrate

ion (in alkaline solutions it reduces a

nitrate to ammonia).

devitrification Loss of the amor-
phous nature of glass as a result of
crystallization.

Dewar, Sir James (1842-1923)
British chemist and physicist, born in
Scotland. In 1875 he became a pro-
fessor at Cambridge University, while
carrying out much of his experimen-
tal work at the Royal Institution in
London. He began studying gases at
low temperatures and in 1872 in-
vented the *Dewar flask. In 1891, to-
gether with Frederick Abel (1827-
1902), he developed the smokeless
propellant explosive *cordite, and in
1898 was the first to liquefy hydro-
gen.

Dewar benzene An isomer of ben-
zene, CgHg. Dewar benzene has the

systematic name bicyclo [2,2,0] hexa-
2,5-diene, and is a nonplanar bicyclic

molecule. It has a high bond strain
and will spontaneously slowly con-
vert to benzene. The unsubstituted
compound was first synthesized in
1963.

Dewar flask A vessel for storing
hot or cold liquids so that they main-
tain their temperature independently
of the surroundings. Heat transfer to
the surroundings is reduced to a min-
imum: the walls of the vessel consist
of two thin layers of glass (or, in
large vessels, steel) separated by a
vacuum to reduce conduction and
convection; the inner surface of a
glass vessel is silvered to reduce radi-
ation; and the vessel is stoppered to
prevent evaporation. It was devised
around 1872 by Sir James *Dewar
and is also known by its first trade
name Thermos flask. See also cryo-
STAT.

Dewar structure A structure of
*benzene proposed by Sir James
*Dewar, having a hexagonal ring of
six carbon atoms with two opposite
atoms joined by a long single bond
across the ring and with two double
C-C bonds, one on each side of the
hexagon. Dewar structures con-
tribute to the resonance hybrid of
benzene.

dextran A glutinous glucose poly-
mer produced by certain bacteria. It
can be made by fermenting sucrose
(cane sugar) and is used as a thicken-
ing agent, as a stabilizer in ice cream,
and as a substitute for plasma in
blood transfusions. Esters with sul-
phuric acid yield sodium salts that
are employed as anticoagulant drugs.

dextrin An intermediate polysac-
charide compound resulting from
the hydrolysis of starch to maltose by
amylase enzymes.

dextro- form See OPTICAL ACTIVITY.

dextrorotatory Denoting a chemi-
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cal compound that rotates the plane
of polarization of plane-polarized
light to the right (clockwise as ob-
served by someone facing the on-
coming radiation). See OPTICAL
ACTIVITY.

dextrose See GLUCOSE.

diagonal relationship A relation-
ship within the periodic table by
which certain elements in the second
period have a close chemical similar-
ity to their diagonal neighbours in
the next group of the third period.
This is particularly noticeable with
the following pairs.

Lithium and magnesium:
(1) both form chlorides and bromides
that hydrolyse slowly and are soluble
in ethanol;
(2) both form colourless or slightly
coloured crystalline nitrides by direct
reaction with nitrogen at high tem-
peratures;
(3) both burn in air to give the nor-
mal oxide only;
(4) both form carbonates that decom-
pose on heating.

Beryllium and aluminium:
(1) both form highly refractory ox-
ides with polymorphs;
(2) both form crystalline nitrides that
are hydrolysed in water;
(3) addition of hydroxide ion to solu-
tions of the salts gives an amphoteric
hydroxide, which is soluble in excess
hydroxide giving beryllate or alumi-
nate ions [Be(OH),J?>~ and [Al(OH),]~;
(4) both form covalent halides and co-
valent alkyl compounds that display
bridging structures;
(5) both metals dissolve in alkalis.

Boron and silicon:
(1) both display semiconductor prop-
erties;
(2) both form hydrides that are unsta-
ble in air and chlorides that hydrol-
yse in moist air;
(3) both form acidic oxides with cova-
lent crystal structures, which are

readily incorporated along with
other oxides into a wide range of
glassy materials.

The reason for this relationship is a
combination of the trends to increase
size down a group and to decrease
size along a period, and a similar, but
reversed, effect in electronegativity,
i.e. decrease down a group and in-
crease along a period.

dialysis A method by which large
molecules (such as starch or protein)
and small molecules (such as glucose
or amino acids) in solution may be
separated by selective diffusion
through a semipermeable mem-
brane. For example, if a mixed solu-
tion of starch and glucose is placed in
a closed container made of a semi-
permeable substance (such as Cello-
phane), which is then immersed in a
beaker of water, the smaller glucose
molecules will pass through the
membrane into the water while the
starch molecules remain behind. The
cell membranes of living organisms
are semipermeable, and dialysis
takes place naturally in the kidneys
for the excretion of nitrogenous
waste. An artificial kidney (dialyser)
utilizes the principle of dialysis by
taking over the functions of diseased
kidneys.

diamagnetism See MAGNETISM.

diaminobenzene (phenylenedi-
amine) Any one of three isomeric
aromatic compounds, CgH,(NH,),,
with strong basic properties. 1,2-
Diaminobenzene is a yellow-brown
crystalline solid, m.p. 104°C, used as
a photographic developer and in
making dyes. 1,3-Diaminobenzene is
a colourless crystalline solid, m.p.
63°C, which turns brown on standing
in air. It is made by reducing 1,3-
dinitrobenzene with iron and hy-
drochloric acid, and is used for mak-
ing dyes. 1,4-Diaminobenzene is a
white crystalline solid, m.p. 147°C,
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which rapidly darkens on standing in
air. It is made by the reduction of 1,4-
nitrophenylamine and is used as a
photographic develop and hair dye.

1,2-diaminoethane (ethylenedi-
amine) A colourless fuming liquid
that smells of ammonia,
H,NCH,CH,NH,; b.p. 116°C. It is
made from ammonia and 1,2-
dichloroethane, which are heated
under pressure with a copper(I) chlo-
ride catalyst. In air it absorbs water
and carbon dioxide to form di-
aminoethane carbamate. With fatty
acids diaminoethane produces soaps,
employed as emulsifying agents and
detergents. It is also used as a solvent
(for resins) and in making coatings,
paper and textiles. Crystals of its tar-
trate derivative are employed in
piezoelectric devices. It is a bidentate
ligand, given the symbol en in formu-
lae.

1,6-diaminohexane (hexamethyl-
enediamine) A solid colourless
amine, H,N(CH,)sNH,; m.p. 41°C; b.p.
204°C. It is made by oxidizing cyclo-
hexane to hexanedioic acid, reacting
this with ammonia to give the am-
monium salt, and dehydrating the
salt to give hexanedionitrile
(NC(CH,)¢CN). This is reduced with
hydrogen to the diamine. The com-
pound is used, with hexanedioic acid,
for producing *nylon 6,6.

diamond The hardest known min-
eral (with a hardness of 10 on Mohs’
scale). It is an allotropic form of pure
*carbon that has crystallized in the
cubic system, usually as octahedra or
cubes, under great pressure. Dia-
mond crystals may be colourless and
transparent or yellow, brown, or
black. They are highly prized as gem-
stones but also have extensive uses
in industry, mainly for cutting and
grinding tools. Diamonds occur in an-
cient volcanic pipes of kimberlite;
the most important deposits are in

South Africa but others are found in
Tanzania, the USA, Russia, and Aus-
tralia. Diamonds also occur in river
deposits that have been derived from
weathered kimberlite, notably in
Brazil, Zaire, Sierra Leone, and India.
Industrial diamonds are increasingly
being produced synthetically.

Diamond

diamond-anvil cell A device for
producing very high pressures. A
sample of material to be subject to
the high pressure is placed in a cav-
ity between two high-quality dia-
monds. The diamond-anvil cell
operates like a nutcracker, with pres-
sures up to 1 megabar (10! Pa) being
exerted by turning a screw. The pres-
sure exerted can be determined by
spectroscopy for small samples of
ruby in the material being com-
pressed, while the sample itself is ob-
served optically. A use of the
diamond-anvil cell is to study the in-
sulator-metal transition in such sub-
stances as iodine as the pressure is
increased. This type of study is the
nearest laboratory approach to the
structure of matter in the conditions
obtaining in the interior of the earth.

diaspore A mineral form of a
mixed aluminium oxide and hydrox-
ide, Al0.OH. See ALUMINIUM HYDROX-
IDE.

diastase Sce AMYLASE.

diastereoisomers Stereoisomers
that are not identical and yet not
mirror images. For instance, the d-
form of tartaric acid and the meso
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form constitute a pair of diastereoiso-
mers. See OPTICAL ACTIVITY.

diatomaceous earth See¢ KIESEL-
GUHR.

diatomic molecule A molecule
formed from two atoms (e.g. H, or
HCI).

diatomite See KIESELGUHR.

diazepam A *benzodiazepine used
medically to treat anxiety, convul-
sions, insomnia, and alcohol with-
drawal. It is widely used, and often
known under its tradename Valium.

H
3C\ (0]
N

a0
9

diazine Sece AZINE.

Cl

Diazepam

diazo compounds Organic com-
pounds containing two linked nitro-
gen compounds. The term includes
*azo compounds, diazonium com-
pounds, and also such compounds as
diazomethane, CH,N,.

[ @) see wes s ]

¢ Information about IUPAC nomenclature
diazonium salts Unstable salts
containing the ion C¢H;N,* (the dia-
zonium ion: see formula). They are
formed by *diazotization reactions.

+
N=N

Diazonium salt

diazotization The formation of a
*diazonium salt by reaction of an
aromatic amine with nitrous acid at

low temperature (below 5°C). The ni-
trous acid is produced in the reaction
mixture from sodium nitrite and hy-
drochloric acid:

ArNH, + NaNO, + HCl — AIN*N +
Cl + Na* + OH" + H,0

dibasic acid An *acid that has two
acidic hydrogen atoms in its mol-
ecules. Sulphuric (H,SO,) and car-
bonic (H,CO3) acids are common
examples.

diboron trioxide See BORON(11I)
OXIDE.

1,2-dibromoethane A colourless
liquid *haloalkane, BrCH,CH,Br; r.d.
2.2; m.p. 9.79°C; b.p. 131.36°C. It is
made by addition of bromine to
ethene and used as an additive in
petrol to remove lead during com-
bustion as the volatile lead bromide.

dicarbide Se¢e CARBIDE.

dicarboxylic acid A *carboxylic
acid having two carboxyl groups in
its molecules. In systematic chemical
nomenclature, dicarboxylic acids are
denoted by the suffix -dioic; e.g. hexa-
nedioic acid, HOOC(CH,),COOH.

dichlorine oxide (chlorine monox-
ide) A strongly oxidizing orange gas,
Cl,0, made by oxidation of chlorine
using mercury(Il) oxide. It is the acid
anhydride of chloric(I) acid.

dichlorobenzene Any one of three
isomeric liquid aromatic compounds,
CecH,Cl,. 1,2-Dichlorobenzene (b.p.
179°C) and 1,4-dichlorobenzene (b.p.
174°C) are made by chlorinating
benzene with an iron catalyst and
separating the mixed isomers by
fractional distillation; 1,3-dichloro-
benzene (b.p. 172°C) is made from
one of the other two by catalytic iso-
merization. The 1,2 isomer is used as
an insecticide and in making dyes;
the 1,4 compound is employed as a
deodorant and moth repellent.
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Diels-Alder reaction

dichloroethanoic acid See
CHLOROETHANOIC ACIDS.

dichloromethane (methylene chlo-
ride) A colourless, slightly toxic lig-
uid, CH,Cl,, b.p. 41°C. It has a
characteristic odour similar to that of
trichloromethane (chloroform), from
which it is made by heating with
zinc and hydrochloric acid. It is used
as a refrigerant and solvent (for paint
stripping and degreasing).

2,4-dichlorophenoxyacetic acid
See 2,4-D.

dichroism The property of some
crystals, such as tourmaline, of selec-
tively absorbing light vibrations in
one plane while allowing light vibra-
tions at right angles to this plane to
pass through. Polaroid is a synthetic
dichroic material. See POLARIZATION.

dichromate(VI) A salt containing
the ion Cr,0,". Solutions containing
dichromate(VI) ions are strongly oxi-
dizing.

1,2-didehydrobenzene Sec BEN-
ZYNE.

dielectric constant See PERMITTIV-
ITY.

Diels, Otto Paul Hermann
(1876-1954) German organic chemist
who worked mostly at the University
of Kiel. In 1906 he discovered tricar-
bon dioxide (C;0,). Diels also did
important work on steroids but is re-
membered for his discovery in 1928
of the *Diels-Alder reaction, which
he made with his assistant Kurt Alder

2

(1902-58). Diels and Alder shared the
1950 Nobel Prize for chemistry.

Diels-Alder reaction A type of
chemical reaction in which a com-
pound containing two double bonds
separated by a single bond (i.e. a con-
jugated *diene) adds to a suitable
compound containing one double
bond (known as the dienophile) to
give a ring compound. In the
dienophile, the double bond must
have a carbonyl group on each side.
It is named after the German
chemists Otto *Diels and Kurt Alder.

diene An *alkene that has two dou-
ble bonds in its molecule. If the two
bonds are separated by one single
bond, as in buta-1,3-diene
CH,:CHCH:CH,, the compound is a
conjugated diene.

dienophile See DIELS-ALDER REAC-
TION.

Dieterici equation An *equation
of state for a gas of the form

P(V - b)[exp (a/VRT)] = RT,
where P is the pressure, V is the vol-
ume, T is the thermodynamic tem-
perature, R is the gas constant, and a
and b are constants characteristic of
the gas. The Dieterici equation is a
modification of van der Waals’ equa-
tion, which takes account of the pres-
sure gradient at the boundary of the
gas. At low pressures the Dieterici
equation becomes identical to van
der Waals’ equation.
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diethanolamine See ETHANOI-
AMINE.

diethyl ether See ETHOXYETHANE.

differential scanning calorime-
try (DSC) See THERMAL ANALYSIS.

differential thermal analysis
(DTA) See THERMAL ANALYSIS.

diffusion 1. The process by which
different substances mix as a result
of the random motions of their com-
ponent atoms, molecules, and ions.
In gases, all the components are per-
fectly miscible with each other and
mixing ultimately becomes nearly
uniform, though slightly affected by
gravity (see also GRAHAM'S LAW). The
diffusion of a solute through a sol-
vent to produce a solution of uni-
form concentration is slower, but
otherwise very similar to the process
of gaseous diffusion. In solids, diffu-
sion occurs very slowly at normal
temperatures. See also FICK'S LAW.

2. The passage of elementary parti-
cles through matter when there is a
high probability of scattering and a
low probability of capture.

diffusion constant Sce FICK’S LAW.

diffusion gradient See CONCEN-
TRATION GRADIENT.

diffusion limited aggregation
(DLA) A process of aggregation domi-
nated by particles diffusing and hav-
ing a nonzero probability of sticking
together irreversibly when they
touch. The clusters formed by DLA
are *fractal in type.

diffusion pump (condensation
pump) A vacuum pump in which oil
or mercury vapour is diffused
through a jet, which entrains the gas
molecules from the container in
which the pressure is to be reduced.
The diffused vapour and entrained
gas molecules are condensed on the
cooled walls of the pump. Pressures

down to 1077 Pa can be reached by so-
phisticated forms of the diffusion
pump.

diffusive flux See FicK’s LAW.

dihedral (dihedron) An angle
formed by the intersection of two
planes (e.g. two faces of a polyhe-
dron). The dihedral angle is the angle
formed by taking a point on the line
of intersection and drawing two lines
from this point, one in each plane,
perpendicular to the line of intersec-
tion.

dihydrate A crystalline hydrate
containing two moles of water per
mole of compound.

dihydric alcohol See p1oL.

dihydrogen The normal form of
molecular hydrogen, H,, used to dis-
tinguish it from hydrogen atoms.

1,2-dihydroxybenzene (catechol)
A colourless crystalline phenol,
CecH4(OH),; r.d. 1.15; m.p. 105°C; b.p.
245°C. It is used as a photographic
developer.

1,3-dihydroxybenzene (resorcinol)
A colourless crystalline aromatic
compound, CcH,(OH),; m.p. 111°C. It
is made by the fusion of benzene-
disulphonic acid with sodium hy-
droxide and used mainly in the
dyestuffs industry. On fusing with
phthalic anhydride it forms fluores-
cein dyes. It is also used to make
cold-setting adhesives (with
methanal), plasticizers, and resins.

2,3-dihydroxybutanedioic acid
See TARTARIC ACID.

diketones Organic compounds that
have two carbonyl (>C=0) groups (see
KETONES). There are three kinds, de-
pending on the location of the car-
bonyl groups. 1,2-Diketones (also
called o-diketones), R.CO.CO.R’, have
the carbonyl groups on adjacent
carbon atoms. The aliphatic 1,2-



177

p-dimethylaminobenzaldehyde

diketones are pungent-smelling yel-
low oils, whereas the aromatic com-
pounds are crystalline solids. 1,3-
Diketones (or B-diketones), R.CO.CH,.
CO.R’, are more acidic and exist in
both keto and enol forms (see KETO-
ENOL TAUTOMERISM); they form stable
compounds with metals. 1,4-Dike-
tones (or y-diketones), R.CO.CH,.CH,,.
CO.R’, also exist and readily re-
arrange to form cyclic compounds.

dilatancy See NEWTONIAN FLUID.

dilation (dilatation) An increase in
volume.

dilead(ll) lead(IV) oxide A red
powder, Pb;0,; r.d. 9.1; decomposes
at 500°C to lead(Il) oxide. It is pre-
pared by heating lead(II) oxide to
400°C and has the unusual property
of being black when hot and red-
orange when cold. The compound is
nonstoichiometric, generally contain-
ing less oxygen than implied by the
formula. It is largely covalent and has
Pb(IV)Og octahedral groups linked to-
gether by Pb(Il) atoms, each joined to
three oxygen atoms. It is used in
glass making but its use in the paint
industry has largely been discontin-
ued because of the toxicity of lead.
Dilead(II) lead(IV) oxide is commonly
called red lead or, more accurately,
red lead oxide.

Dillie-Koppanyi test A presump-
tive test for barbituates. The Dillie-
Koppanyi test reagent has two solu-
tions: a 1% solution of colbalt acetate
in methanol, follow by a 5% solution
of isopropylamine (CH;CH(CH;)NH,)
in methanol. Barbiturates give a red-
dish-violet colour.

diluent A substance added to dilute
a solution or mixture (e.g. a *filler).

dilute Describing a solution that
has a relatively low concentration of
solute.

dilute spin species A type of nu-

cleus in which it is statistically un-
likely that there will be more than
one such nucleus in a molecule (un-
less the substance has been artifi-
cially enriched with isotopes having
that nucleus). An example of a dilute
spin species is 13C since it has a nat-
ural abundance of 1.1%. This means
that for dilute spin systems it is usu-
ally not necessary to consider spin-
spin interactions between two nuclei
of the dilute spin species, e.g. 13C-13C
in the same molecule. The opposite
of a dilute spin species is an abun-
dant spin species, an example being
the proton.

dilution The volume of solvent in
which a given amount of solute is
dissolved.

dilution law See 0STWALD’S DILU-
TION LAW.

dimer An association of two identi-
cal molecules linked together. The
molecules may react to form a larger
molecule, as in the formation of dini-
trogen tetroxide (N,O,) from nitro-
gen dioxide (NO,), or the formation
of an *aluminium chloride dimer
(Al,Clg) in the vapour. Alternatively,
they may be held by hydrogen bonds.
For example, carboxylic acids form
dimers in organic solvents, in which
hydrogen bonds exist between the O
of the C=0 group and the H of the
-O-H group.

p-dimethylaminobenzaldehyde

O H

N
HC” CH,

p-dimethylaminobenzaldehyde
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(p-DMAB) A substituted aldehyde
used in a presumptive test for LSD
and for psilocybin. A 1% solution of p-
BMAB is used in 10% mineral acid (ei-
ther sulphuric acid or hydrochloric
acid). This reagent is called Ehrlick’s
reagent or Van Urk’s reagent. LSD is
indicated by a purple colouration;
psilocybin by a red-brown colour.

dimethylbenzenes (xylenes)
Three compounds with the formula
(CH3),CgH,, each having two methyl
groups substituted on the benzene
ring. 1,2-dimethylbenzene is ortho-
xylene, etc. A mixture of the isomers
(b.p. 135-145°C) is obtained from pe-
troleum and is used as a clearing
agent in preparing specimens for op-
tical microscopy.

dimethylformamide (DMF) A
colourless liquid compound,
(CH3),NCHO; r.d. 0.944; m.p. -61°C;
b.p. 153°C. The systematic name is
N,N-dimethylmethanamide. It can be
made from methanoic acid (formic
acid) and dimethylamine, and is
widely used as a solvent.

1,3-dimethylxanthine See THEO-
PHYLLINE.

3,7-dimethylxanthine See THEO-
BROMINE.

dimethylglyoxime (DMG) A
colourless solid, (CH;CNOH),, m.p.
234°C. It sublimes at 215°C and
slowly polymerizes if left to stand. It
is used in chemical tests for nickel,
with which it forms a dark-red com-
plex.

dimethyl sulphoxide (DMSO) A
colourless solid, (CH3),SO; m.p. 18°C;
b.p. 189°C. It is used as a solvent and
as a reagent in organic synthesis.

dimorphism See POLYMORPHISM.

dinitrogen The normal form of
molecular nitrogen, N, used to distin-
guish it from nitrogen atoms.

dinitrogen oxide (nitrous oxide) A
colourless gas, N,0, d. 1.97 gdm™3;
m.p. -90.8°C; b.p. -88.5°C. It is solu-
ble in water, ethanol, and sulphuric
acid. It may be prepared by the con-
trolled heating of ammonium nitrate
(chloride free) to 250°C and passing
the gas produced through solutions
of iron(Il) sulphate to remove impuri-
ties of nitrogen monoxide. It is rela-
tively unreactive, being inert to
halogens, alkali metals, and ozone at
normal temperatures. It is decom-
posed on heating above 520°C to ni-
trogen and oxygen and will support
the combustion of many compounds.
Dinitrogen oxide is used as an anaes-
thetic gas (‘laughing gas’) and as an
aerosol propellant.

dinitrogen tetroxide A colourless
to pale yellow liquid or a brown gas,
N,0,; r.d. 1.45 (liquid); m.p. -11.2°C;
b.p. 21.2°C. It dissolves in water with
reaction to give a mixture of nitric
acid and nitrous acid. It may be read-
ily prepared in the laboratory by the
reaction of copper with concentrated
nitric acid; mixed nitrogen oxides
containing dinitrogen oxide may also
be produced by heating metal ni-
trates. The solid compound is wholly
N,0, and the liquid is about 99%
N,0, at the boiling point; N,0, is dia-
magnetic. In the gas phase it dissoci-
ates to give nitrogen dioxide

N,0, = 2NO,
Because of the unpaired electron this
is paramagnetic and brown. Liquid
N,O, has been widely studied as a
nonaqueous solvent system (self-
ionizes to NO* and NOjy"). Dinitrogen
tetroxide, along with other nitrogen
oxides, is a product of combustion
engines and is thought to be involved
in the depletion of stratospheric
ozone.

dinucleotide A compound consist-
ing of two *nucleotides.
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diol (dihydric alcohol) An *alcohol
containing two hydroxyl groups per
molecule.

dioxan A colourless toxic liquid,
C,HgO,; r.d. 1.03; m.p. 11°C; b.p.
101.5°C. The molecule has a six-
membered ring containing four CH,
groups and two oxygen atoms at op-
posite corners. It can be made from
ethane-1,2-diol and is used as a sol-
vent.

dioxin (2,4,7,8-tetrachlorodibenzo-
p-dioxin) A toxic solid, formed in the
manufacture of the herbicide *2,4,5-
T and present as an impurity in
Agent Orange. It can cause skin dis-
figurement (chloracne) and severe
fetal defects.

dioxonitric(lll) acid See NITROUS
ACID.

dioxygen The normal form of mo-
lecular oxygen, O,, used to distin-
guish it from oxygen atoms or from
ozone (Oj).

dioxygenyl compounds Com-
pounds containing the positive ion
0,*, as in dioxygenyl hexafluoro-
platinate O,PtF¢ - an orange solid
that sublimes in vacuum at 100°C.
Other ionic compounds of the type
O,*[MFg]™ can be prepared, where M
is P, As, or Sb.

dipeptide A compound consisting
of two amino acid units joined at the
amino (-NH,) end of one and the car-
boxyl (-COOH) end of the other. This
peptide bond (see PEPTIDE) is formed
by a condensation reaction that in-
volves the removal of one molecule
of water.

diphenylamine A colourless crys-
talline aromatic compound,
(C¢Hs),NH; m.p. 54°C. It is made by
heating phenylamine (aniline) with
phenylamine hydrochloride. It is a
secondary amine and is both slightly
acidic (forming an N-potassium salt)

and slightly basic (forming salts with
mineral acids). Its derivatives are em-
ployed as stabilizers for synthetic
rubber and rocket fuels.

diphenylamine test A presump-
tive test for nitrates. The reagent is a
solution of diphenylamine
((C¢Hs)2NH) in sulphuric acid. A posi-
tive result is indicated by a blue col-
our. It was once used in testing for
gunshot residue, but is not particu-
larly reliable.

diphenylmethanone (benzo-
phenone) A colourless solid,
CeHsCOCgHs, m.p. 49°C. It has a char-
acteristic smell and is used in making
perfumes. It is made from benzene
and benzoyl chloride using the
*Friedel-Crafts reaction with alu-
minium chloride as catalyst.

diphosgene A colourless liquid,
CICO0.0.CCl;, originally used in 1916
by Germany in World WarIas a
chemical warfare agent. It is now
used as a reagent in organic synthe-
sis. See also CARBONYL CHLORIDE.

diphosphane (diphosphine) A yel-
low liquid, P,H,, which is sponta-
neously flammable in air. It is
obtained by hydrolysis of calcium
phosphide. Many of the references to
the spontaneous flammability of
phosphine (PH;) are in fact due to
traces of P,H, as impurities.

diphosphine See DIPHOSPHANE.

diphosphonates See BISPHOSPHO-
NATES.

dipolar bond See CHEMICAL BOND.

dipole A pair of separated opposite
electric charges. The dipole moment
(symbol p) is the product of the posi-
tive charge and the distance between
the charges. Dipole moments are
often stated in *debyes; the SI unit is
the coulomb metre. In a diatomic
molecule, such as HCI, the dipole
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moment is a measure of the polar na-
ture of the bond (see POLAR MOL-
ECULE); i.e. the extent to which the
average electron charge is displaced
towards one atom (in the case of HCI,
the electrons are attracted towards
the more electronegative chlorine
atom). In a polyatomic molecule, the
dipole moment is the vector sum of
the dipole moments of the individual
bonds. In a symmetrical molecule,
such as tetrachloromethane (CCl),
there is no overall dipole moment, al-
though the individual C-Cl bonds are
polar.

dipole-dipole interaction The
interaction of two systems, such as
atoms or molecules, by their *dipole
moments. The energy of dipole-
dipole interaction depends on the
relative orientation and the strength
of the dipoles and how far apart they
are. A water molecule has a perma-
nent dipole moment, thus causing a
dipole-dipole interaction if two
water molecules are near each other.
Although isolated atoms do not have
permanent dipole moments, a dipole
moment can be induced by the pres-
ence of another atom near it, thus
leading to induced dipole-dipole in-
teractions. Dipole-dipole interactions
are responsible for *van der Waals’
forces and *surface tension in lig-
uids.

dipole radiation See FORBIDDEN
TRANSITIONS.

dipyridyl (bipyridyl) A compound
formed by linking two pyridine rings
by a single C-C bond, (CsH,N),. Vari-
ous isomers are possible depending
on the relative positions of the nitro-
gen atoms. A mixture of isomers can
be made by reacting pyridine with
sodium metal and oxidizing the re-
sulting sodium salt. The 22"-isomer is
a powerful chelating agent denoted
bipy in chemical formulae. Both the
22’- and 44’-isomers can form quater-

nary compounds that are used in her-
bicides such as Paraquat (44’) and Di-
quat (22).

7 N\

Dipyridyl

Diquat Tradename for a herbicide.
See DIPYRIDYL.

Dirac, Paul Adrien Maurice
(1902-84) British physicist, who
shared the 1933 Nobel Prize for
physics with Erwin *Schrédinger
for developing Schrodinger’s non-
relativistic wave equations to take
account of relativity. Dirac also in-
vented, independently of Enrico
Fermi, the form of *quantum statis-
tics known as Fermi-Dirac statistics.

Dirac constant See PLANCK CON-
STANT.

Dirac equation A version of the
nonrelativistic *Schrédinger equa-
tion taking special relativity theory
into account. The Dirac equation is
needed to discuss the quantum me-
chanics of electrons in heavy atoms
and, more generally, to discuss fine-
structure features of atomic spectra,
such as *spin-orbit coupling. The
equation was put forward by Paul
*Dirac in 1928. It can be solved ex-
actly in the case of the hydrogen
atom but can only be solved using
approximation techniques for more
complicated atoms.

diradical See BIRADICAL.
direct dye See DYES.
disaccharide A sugar consisting of
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two linked *monosaccharide mol-
ecules. For example, sucrose com-
prises one glucose molecule and one
fructose molecule bonded together.

discharge 1. The conversion of the
chemical energy stored in a *sec-
ondary cell into electrical energy.

2. The release of electric charge from
a capacitor in an external circuit.

3. The passage of charge carriers
through a gas at low pressure in a
discharge tube. A potential difference
applied between cathode and anode
creates an electric field that acceler-
ates any free electrons and ions to
their appropriate electrodes. Colli-
sions between electrons and gas mol-
ecules create more ions. Collisions
also produce excited ions and mol-
ecules (see EXCITATION), which decay
with emission of light in certain
parts of the tube.

disconnection Se¢ RETROSYNTHETIC
ANALYSIS.

disilane See SILANE.
dislocation See¢ CRYSTAL DEFECT.

disodium hydrogenphos-
phate(V) (disodium orthophos-
phate) A colourless crystalline solid,
Na,HPO,, soluble in water and insol-
uble in ethanol. It is known as the di-
hydrate (r.d. 2.066), heptahydrate
(r.d. 1.68), and dodecahydrate (r.d.
1.52). It may be prepared by titrating
phosphoric acid with sodium hydrox-
ide to an alkaline end point (phe-
nolphthalein) and is used in treating
boiler feed water and in the textile
industry.

disodium orthophosphate Sece
DISODIUM HYDROGENPHOSPHATE(V).

disodium tetraborate-10-water
See BORAX.

d-isomer See OPTICAL ACTIVITY.

D-isomer See ABSOLUTE CONFIGURA-
TION.

disordered solid A material that
neither has the structure of a perfect
*crystal lattice nor of a crystal lattice
with isolated *crystal defects. In a
random alloy, one type of disordered
solid, the order of the different types
of atom occurs at random. Another
type of disordered solid is formed by
introducing a high concentration of
defects, with the defects distributed
randomly throughout the solid. In an
*amorphous solid, such as glass,
there is a random network of atoms
with no lattice.

disperse dye See DYES.
disperse phase See coLLOIDS.

dispersion forces See VAN DER
WAALS’ FORCE.

displacement reaction See SUBSTI-
TUTION REACTION.

disproportionation A type of
chemical reaction in which the same
compound is simultaneously reduced
and oxidized. For example, copper(I)
chloride disproportionates thus:

2CuCl — Cu + CuCl,

The reaction involves oxidation of
one molecule

Cul s Cull+e
and reduction of the other
Cul+e—>Cu

The reaction of halogens with hy-
droxide ions is another example of a
disproportionation reaction, for ex-
ample

Cly(g) + 20H (aq) == Cl(aq) +

ClO~(aq) + H,0O(1)

The reverse process is *compropor-
tionation.

dissipative system A system that
involves *irreversible processes. All
real systems are dissipative (in con-
trast to such idealized systems as the
frictionless pendulum, which is in-
variant under time reversal). In a dis-
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sipative system the system is moving
towards a state of equilibrium, which
can be regarded as moving toward a
point attractor in phase space; this is
equivalent to moving towards the
minimum of the free energy, F.

dissociation The breakdown of a
molecule, ion, etc., into smaller mol-
ecules, ions, etc. An example of disso-
ciation is the reversible reaction of
hydrogen iodide at high tempera-
tures

2HI(g) == Hy(g) + Lx(g)
The *equilibrium constant of a re-
versible dissociation is called the
dissociation constant. The term ‘dis-
sociation’ is also applied to ionization
reactions of *acids and *bases in
water; for example

HCN + H,0 == H;0* + CN~
which is often regarded as a straight-
forward dissociation into ions

HCN = H* + CN-
The equilibrium constant of such a
dissociation is called the acid dissoci-
ation constant or acidity constant,
given by

K, = [H[A7]/[HA]
for an acid HA (the concentration of
water [H,O] can be taken as con-
stant). K, is a measure of the strength
of the acid. Similarly, for a nitroge-
nous base B, the equilibrium

B + H,0 = BH" + OH"-
is also a dissociation; with the base
dissociation constant, or basicity con-
stant, given by

K, = [BH'][OH]/[B]
For a hydroxide MOH,

Ky, = [M*][OH]/[MOH]

dissociation pressure When a
solid compound dissociates to give
one or more gaseous products, the
dissociation pressure is the pressure
of gas in equilibrium with the solid
at a given temperature. For example,

when calcium carbonate is main-
tained at a constant high tempera-
ture in a closed container, the
dissociation pressure at that tempera-
ture is the pressure of carbon dioxide
from the equilibrium

CaCOy4(s) = CaO(s) + CO,(g)

distillation The process of boiling
a liquid and condensing and collect-
ing the vapour. The liquid collected
is the distillate. It is used to purify
liquids and to separate liquid mix-
tures (see FRACTIONAL DISTILLATION;
STEAM DISTILLATION). See also DE-
STRUCTIVE DISTILLATION; EXTRACTIVE
DISTILLATION.

distilled water Water purified by
distillation so as to free it from dis-
solved salts and other compounds.
Distilled water in equilibrium with
the carbon dioxide in the air has a
conductivity of about 0.8 x 10-°
siemens cm™!. Repeated distillation in
a vacuum can bring the conductivity
down to 0.043 x 107° siemens cm™! at
18°C (sometimes called conductivity
water). The limiting conductivity is
due to self ionization: H,0 = H* +
OH-. See also DEIONIZED WATER.

disulphur dichloride (sulphur
monochloride) An orange-red liquid,
S,Cl,, which is readily hydrolysed by
water and is soluble in benzene and
ether; r.d. 1.678; m.p. -80°C; b.p.
136°C. It may be prepared by passing
chlorine over molten sulphur; in the
presence of iodine or metal chlorides
sulphur dichloride, SCl,, is also
formed. In the vapour phase S,Cl,
molecules have Cl-S-S-Cl chains.
The compound is used as a solvent
for sulphur and can form higher
chlorosulphanes of the type
Cl-(S),~ClI (n < 100), which are of
great value in *vulcanization
processes.

disulphuric(VI) acid (pyrosulphuric
acid) A colourless hygroscopic crys-
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talline solid, H,S,0,; r.d. 1.9; m.p.
35°C. It is commonly encountered
mixed with sulphuric acid as it is
formed by dissolving sulphur triox-
ide in concentrated sulphuric acid.
The resulting fuming liquid, called
oleum or Nordhausen sulphuric acid,
is produced during the *contact
process and is also widely used in the
*sulphonation of organic com-
pounds. See also SULPHURIC ACID.

dithionate A salt of dithionic acid,
containing the ion S,04%7, usually
formed by the oxidation of a sulphite
using manganese(IV) oxide. The ion
has neither pronounced oxidizing
nor reducing properties.

dithionic acid An acid, H,S,0s,
known in the form of its salts
(dithionates).

dithionite See SULPHINATE.

dithionous acid See SULPHINIC
ACID.

divalent (bivalent) Having a va-
lency of two.

DLA See DIFFUSION LIMITED AGGRE-
GATION.

D-lines Two close lines in the yel-
low region of the visible spectrum of
sodium, having wavelengths 589.0
and 589.6 nm. As they are prominent
and easily recognized they are used
as a standard in spectroscopy.

dl-isomer See OPTICAL ACTIVITY;
RACEMIC MIXTURE.

DLVO theory A theory of colloid
stability proposed in the 1940s by the
Soviet scientists Boris Derjaguin and
Lev Landau and independently by the
Dutch scientists Evert Verwey and
Theo Overbeek. The DLVO theory
takes account of two types of force in
a stable colloid: the van der Waals’
force, which is attractive and binds
particles together, and electrostatic
repulsion. The total interaction po-

tential can be calculated as a func-
tion of distance, with colloid stability
being attained when the two forces
balance each other. The DLVO theory
is the basis for understanding colloid
stability and has a considerable
amount of experimental support.
However, it is inadequate for the
properties of colloids in the aggre-
gated state, which depend on short-
range interactions taking into
account the specific properties of
ions, rather than regarding them as
point particles.

p-DMAB See P-DIMETHYLAMINOBEN-
ZADEHYDE.

DMF Sce DIMETHYLFORMAMIDE.
DMG Se¢ DIMETHYLGLYOXIME.
DMSO See DIMETHYL SULPHOXIDE.

DNA (deoxyribonucleic acid) The ge-
netic material of most living organ-
isms, which is a major constituent of
the chromosomes within the cell nu-
cleus and plays a central role in the
determination of hereditary charac-
teristics by controlling protein syn-
thesis in cells. DNA is a nucleic acid
composed of two chains of *nu-
cleotides in which the sugar is de-
oxyribose and the bases are
*adenine, *cytosine, *guanine, and
*thymine (compare RNA). The two
chains are wound round each other
and linked together by hydrogen
bonds between specific complemen-
tary bases to form a spiral ladder-
shaped molecule (double helix: see
illustration).

When the cell divides, its DNA also
replicates in such a way that each of
the two daughter molecules is identi-
cal to the parent molecule. The
hydrogen bonds between the com-
plementary bases on the two strands
of the parent molecule break and the
strands unwind. Using as building
bricks nucleotides present in the
nucleus, each strand directs the
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Detail of molecular structure of sugar-phosphate
backbone. Each deoxyribose unit is attached to a
phosphate group and a base, forming a nucleotide

Double helical structure of DNA

DNA

synthesis of a new one complemen-

tary to itself. Replication is initiated,
controlled, and stopped by means of
polymerase enzymes.

Dobereiner’s triads A set of triads
of chemically similar elements noted
by Johann Débereiner (1780-1849) in
1817. Even with the inaccurate
atomic mass data of the day it was
observed that when each triad was
arranged in order of increasing
atomic mass, then the mass of the
central member was approximately
the average of the values for the
other two. The chemical and physical
properties were similarly related. The

hydrogen bond

thymine adenine
(T H
/
CH;  oeH—N

(A)
g/_K N-te=r )
\—=

N ——sugar—
phosphate
backbone

N —N
_(O:H—N
\
H
cytosine guanine
(C) (G)

The four bases of DNA, showing the
hydrogen bonding between base pairs

triads are now recognized as consecu-
tive members of the groups of the
periodic table. Examples are: lithium,
sodium, and potassium; calcium,
strontium, and barium; and chlorine,
bromine, and iodine.

[ &) see wes Links |

e Dobereiner’s original paper
dodecanoic acid (lauric acid) A
white crystalline *fatty acid,
CH;(CH,);,COOH; r.d. 0.8; m.p. 44°C;
b.p. 225°C. Glycerides of the acid are
present in natural fats and oils (e.g.
coconut and palm-kernel oil).

dodecene A straight-chain alkene,
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CH;(CH,)oCH:CH,, obtained from pe-
troleum and used in making *dode-
cylbenzene.

dodecylbenzene A hydrocarbon,
CH;(CH,),,C¢Hs, manufactured by a
Friedel-Crafts reaction between do-

decene (CH;(CH,),CH:CH,) and ben-
zene. It can be sulphonated, and the
sodium salt of the sulphonic acid is

the basis of common *detergents.

dolomite A carbonate mineral con-
sisting of a mixed calcium-magne-
sium carbonate, CaC0;.MgCOs;,
crystallizing in the rhombohedral
system. It is usually white or colour-
less. The term is also used to denote
a rock with a high ratio of magne-
sium to calcium carbonate. See LIME-
STONE.

domain A functional unit of the
tertiary structure of a *protein. It
consists of chains of amino acids
folded into alpha helices and *beta
sheets to form a globular structure.
Different domains are linked to-
gether by relatively straight sections
of polypeptide chain to form the pro-
tein molecule. Domains allow a de-
gree of movement in the protein
structure.

Donnan equilibrium The equilib-
rium set up when two solutions are
separated by a membrane permeable
to some but not all of the ions in the
solutions. In practice, the membrane
is often permeable to the solvent and
small ions but not to charged entities
of colloidal size or such polyelec-
trolytes as proteins. An electrical po-
tential develops between the two
sides of the membrane with the two
solutions having varying osmotic
pressure. Donnan equilibrium is
named after the British chemist Fred-
erick George Donnan (1870-1956),
who developed the theory of mem-
brane equilibrium. Donnan equilib-
rium is important in biology.

donor An atom, ion, or molecule
that provides a pair of electrons in
forming a coordinate bond.

dopa (dihydroxyphenylalanine) A
derivative of the amino acid tyrosine.
It is found in particularly high levels
in the adrenal glands and is a precur-
sor in the synthesis of *dopamine,
*noradrenaline, and *adrenaline.
The laevorotatory form, L-dopa, is ad-
ministered in the treatment of
Parkinson’s disease, in which brain
levels of dopamine are reduced.

HZ
HO C
cH,
NH,
HO
Dopa

dopamine A *catecholamine that
is a precursor in the synthesis of *no-
radrenaline and *adrenaline. It also
functions as a neurotransmitter in
the brain.

HO gz gz
Y oH
NH,
HO

Dopamine

d-orbital See ORBITAL.

dose A measure of the extent to
which matter has been exposed to
*ionizing radiation. The absorbed
dose is the energy per unit mass ab-
sorbed by matter as a result of such
exposure. The SI unit is the gray, al-
though it is often measured in rads (1
rad = 0.01 gray; see RADIATION UNITS).
The maximum permissible dose is the
recommended upper limit of ab-
sorbed dose that a person or organ
should receive in a specified period
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according to the International Com-
mission on Radiological Protection.

dosimeter Any device used to
measure absorbed *dose of ionizing
radiation. Methods used include the
ionization chamber, photographic
film, or the rate at which certain
chemical reactions occur in the pres-
ence of ionizing radiation.

double bond Se¢ CHEMICAL BOND.

double decomposition See
METATHESIS.

double layer See ELECTRICAL DOU-
BLE LAYER.

double refraction The property,
possessed by certain crystals (notably
calcite), of forming two refracted rays
from a single incident ray. The ordi-
nary ray obeys the normal laws of re-
fraction. The other refracted ray,
called the extraordinary ray, follows
different laws. The light in the ordi-
nary ray is polarized at right angles
to the light in the extraordinary ray.
Along an optic axis the ordinary and
extraordinary rays travel with the
same speed. Some crystals, such as
calcite, quartz, and tourmaline, have
only one optic axis; they are uniaxial
crystals. Others, such as mica and se-
lenite, have two optic axes; they are
biaxial crystals. The phenomenon is
also known as birefringence and the
double-refracting crystal as a birefrin-
gent crystal. See also POLARIZATION.

double salt A crystalline salt in
which there are two different anions
and/or cations. An example is the
mineral dolomite, CaC0O5;.MgCOs,,
which contains a regular arrange-
ment of Ca?* and Mg?* ions in its
crystal lattice. *Alums are double sul-
phates. Double salts only exist in the
solid; when dissolved they act as a
mixture of the two separate salts.
Double oxides are similar.

doublet A pair of associated lines

in certain spectra, e.g. the two lines
that make up the sodium D-lines.

Downs process A process for ex-
tracting sodium by the electrolysis of
molten sodium chloride. The Downs
cell has a central graphite anode sur-
rounded by a cylindrical steel cath-
ode. Chlorine released is led away
through a hood over the anode.
Molten sodium is formed at the cath-
ode and collected through another
hood around the top of the cathode
cylinder (it is less dense than the
sodium chloride). The two hoods and
electrodes are separated by a coaxial
cylindrical steel gauze. A small
amount of calcium chloride is added
to the sodium chloride to lower its
melting point. The sodium chloride
is melted electrically and kept
molten by the current through the
cell. More sodium chloride is added
as the electrolysis proceeds.

Dow process A method of extract-
ing magnesium from sea water by
adding calcium hydroxide to precipi-
tate magnesium hydroxide.

Dragendorff test A *presumptive
test for alkaloids. The Dragendorff
reagent has two solutions. One is bis-
muth nitrate in acetic acid. This is
followed by a sodium nitrate solu-
tion. Alkaloids are indicated by a red-
dish-brown deposit.

dropping-mercury electrode See
POLAROGRAPHY.

dry cell A primary or secondary cell
in which the electrolytes are re-
strained from flowing in some way.
Many torch, radio, and calculator bat-
teries are *Leclanché cells in which
the electrolyte is an ammonium chlo-
ride paste and the container is the
negative zinc electrode (with an
outer plastic wrapping). Various
modifications of the Leclanché cell
are used in dry cells. In the zinc chlo-
ride cell, the electrolyte is a paste of



187

Dumas’ method

zinc chloride rather than ammonium
chloride. The electrical characteris-
tics are similar to those of the
Leclanché cell but the cell works bet-
ter at low temperatures and has
more efficient depolarization charac-
teristics. A number of alkaline sec-
ondary cells can be designed for use
as dry cells. In these, the electrolyte
is a liquid (sodium or potassium hy-
droxide) held in a porous material or
in a gel. Alkaline dry cells typically
have zinc-manganese dioxide, silver
oxide-zinc, nickel-cadmium, or
nickel-iron electrode systems (see
NICKEL-IRON ACCUMULATOR). For spe-
cialized purposes, dry cells and bat-
teries have been produced with solid
electrolytes. These may contain a
solid crystalline salt, such as silver io-
dide, an ion-exchange membrane, or
an organic wax with a small amount
of dissolved ionic material. Such cells
deliver low currents. They are used
in miniature cells for use in elec-
tronic equipment.

dry ice Solid carbon dioxide used as
a refrigerant. It is convenient because
it sublimes at -78°C (195 K) at stan-
dard pressure rather than melting.

drying oil A natural oil, such as lin-
seed oil, that hardens on exposure to
the air. Drying oils contain unsatu-
rated fatty acids, such as linoleic and
linolenic acids, which polymerize on
oxidation. They are used in paints,
varnishes, etc.

DSC Differential scanning calorime-
try. See THERMAL ANALYSIS.

D-series See¢ ABSOLUTE CONFIGURA-
TION.

DTA Differential thermal analysis.
See THERMAL ANALYSIS.

dubnium Symbol Db. A radioactive
*transactinide element; a.n. 105. It
was first reported in 1967 by a group
at Dubna near Moscow and was

confirmed in 1970 at Dubna and at
Berkeley, California. It can be made
by bombarding californium-249 nu-
clei with nitrogen-15 nuclei. Only a
few atoms have ever been made.

[ @) see wes Links J

¢ Information from the WebElements site
Dulong and Petit’s law For a
solid element the product of the rela-
tive atomic mass and the specific
heat capacity is a constant equal to
about 25 J mol-! K. Formulated in
these terms in 1819 by the French
scientists Pierre Dulong (1785-1838)
and Alexis Petit (1791-1820), the law
in modern terms states: the molar
heat capacity of a solid element is ap-
proximately equal to 3R, where R is
the *gas constant. The law is only ap-
proximate but applies with fair accu-
racy at normal temperatures to
elements with a simple crystal struc-
ture.

[ @) e wes ks ]

e Original paper

Dumas, Jean Baptiste André
(1800-84) French chemist, who be-
came an apothecary in Geneva,
where in 1818 he investigated the
use of iodine to treat goitre. He then
took up chemistry and moved to
Paris. In 1826 he devised a method of
measuring *vapour density. He went
on to discover various organic com-
pounds, including anthracene (1832),
urethane (1833), and methanol
(1834), which led him in 1840 to pro-
pose the theory of types (functional
groups).

Dumas’ method 1. A method of
finding the amount of nitrogen in an
organic compound. The sample is
weighed, mixed with copper(Il)
oxide, and heated in a tube. Any ni-
trogen present in the compound is
converted into oxides of nitrogen,
which are led over hot copper to re-
duce them to nitrogen gas. This is
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collected and the volume measured,
from which the mass of nitrogen in a
known mass of sample can be found.
2. A method of finding the relative
molecular masses of volatile liquids
by weighing. A thin-glass bulb with a
long narrow neck is used. This is
weighed full of air at known temper-
ature, then a small amount of sample
is introduced and the bulb heated (in
a bath) so that the liquid is vaporized
and the air is driven out. The tip of
the neck is sealed and the bulb
cooled and weighed at known (room)
temperature. The volume of the bulb
is found by filling it with water and
weighing again. If the density of air
is known, the mass of vapour in a
known volume can be calculated.

The techniques are named after
Jean Baptiste André *Dumas.

duplet A pair of electrons in a cova-
lent chemical bond.

Duquenois-Levine test A widely
used presumptive test for tetrahydro-
cannabinol and other cannabinoids.
The Duquenois-Levine reagent has a
solution containing 2% vanillin and
1% ethanal. Concentrated hydrochlo-
ric acid is added and then chloro-
form. A purple colour in the
chloroform layer indicates a positive
result.

Duralumin Tradename for a class
of strong lightweight aluminium al-
loys containing copper, magnesium,
manganese, and sometimes silicon.
Duralumin alloys combine strength
with lightness and are extensively
used in aircraft, racing cars, etc.

Dutch metal An alloy of copper
and zinc, which can be produced in
very thin sheets and used as imita-
tion gold leaf. It spontaneously in-
flames in chlorine.

dye laser A type of laser in which
the active material is a dye dissolved
in a suitable solvent (e.g. Rhodanine

G in methanol). The dye is excited by
an external source. The solvent
broadens the states into bands and
consequently laser action can be ob-
tained over a range of wavelengths.
This allows one to select a specific
wavelength (using a grating) and to
change the wavelength of the laser.
Such a device is called a tuneable
laser. Dye lasers are also used in pro-
ducing very short pulses of radiation.
The technique is to use a dye that
stops absorbing radiation when a
high proportion of its molecules be-
come excited. The cavity then be-
comes resonant and a pulse of
radiation is produced. This technique
can give pulses of about 10 nanosec-
onds duration and is used in *femto-
chemistry.

dyes Substances used to impart col-
our to textiles, leather, paper, etc.
Compounds used for dyeing
(dyestuffs) are generally organic com-
pounds containing conjugated dou-
ble bonds. The group producing the
colour is the *chromophore; other
noncoloured groups that influence or
intensify the colour are called *aux-
ochromes. Dyes can be classified ac-
cording to the chemical structure of
the dye molecule. For example, azo
dyes contain the -N=N- group (see
AZO COMPOUNDS). In practice, they
are classified according to the way in
which the dye is applied or is held on
the substrate.

Acid dyes are compounds in
which the chromophore is part of
a negative ion (usually an organic
sulphonate RSO,0"). They can be
used for protein fibres (e.g. wool and
silk) and for polyamide and acrylic
fibres. Originally, they were applied
from an acidic bath. Metallized dyes
are forms of acid dyes in which the
negative ion contains a chelated
metal atom. Basic dyes have chro-
mophores that are part of a positive
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ion (usually an amine salt or ionized
imino group). They are used for
acrylic fibres and also for wool and
silk, although they have only moder-
ate fastness with these materials.

Direct dyes are dyes that have a
high affinity for cotton, rayon, and
other cellulose fibres. They are ap-
plied directly from a neutral bath
containing sodium chloride or
sodium sulphate. Like acid dyes, they
are usually sulphonic acid salts but
are distinguished by their greater
substantivity (affinity for the sub-
strate), hence the alternative name
substantive dyes.

Vat dyes are insoluble substances
used for cotton dyeing. They usually
contain keto groups, C=0, which are
reduced to C-OH groups, rendering
the dye soluble (the leuco form of the
dye). The dye is applied in this form,
then oxidized by air or oxidizing
agents to precipitate the pigment in
the fibres. Indigo and anthroquinone
dyes are examples of vat dyes. Sul-
phur dyes are dyes applied by this
technique using sodium sulphide so-
lution to reduce and dissolve the dye.
Sulphur dyes are used for cellulose
fibres.

Disperse dyes are insoluble dyes
applied in the form of a fine disper-
sion in water. They are used for cellu-
lose acetate and other synthetic
fibres.

Reactive dyes are compounds that
contain groups capable of reacting
with the substrate to form covalent
bonds. They have high substantivity
and are used particularly for cellu-
lose fibres.

dynamical system A system gov-
erned by dynamics (either classical
mechanics or quantum mechanics).

The evolution of dynamical systems
can be very complex, even for sys-
tems with only a few degrees of free-
dom, sometimes involving such
considerations as ergodicity, which
originated in *statistical mechanics.
The evolution of dynamical systems
can be studied using the phase space
for the system. *Chaos is an example
of the complex behaviour that can
occur in a dynamical system.

dynamic equilibrium See EQuUILIB-
RIUM.

dynamite Any of a class of high ex-
plosives based on nitroglycerin. The
original form, invented in 1867 by
Alfred Nobel, consisted of nitroglyc-
erin absorbed in kieselguhr. Modern
dynamites, which are used for blast-
ing, contain sodium or ammonium
nitrate sensitized with nitroglycerin
and use other absorbers (e.g. wood
pulp).

dysprosium Symbol Dy. A soft sil-
very metallic element belonging to
the *lanthanoids; a.n. 66; r.a.m.
162.50; r.d. 8.551 (20°C); m.p. 1412°C;
b.p. 2562°C. It occurs in apatite,
gadolinite, and xenotime, from
which it is extracted by an ion-
exchange process. There are seven
natural isotopes and twelve artificial
isotopes have been identified. It finds
limited use in some alloys as a neu-
tron absorber, particularly in nuclear
technology. It was discovered by Paul
Lecoq de Boisbaudran (1838-1912) in
1886.

[ (&) see wes Links

¢ Information from the WebElements site
dystectic mixture A mixture of
substances that has a constant maxi-
mum melting point.



EAC Emergency action code. See
HAZCHEM CODE.

Earnshaw'’s theorem The princi-
ple that a system of particles interact-
ing via an inverse square law, such as
Coulomb’s law of electrostatics, can-
not exist in a state of static equilib-
rium. The Reverend Samuel
Earnshaw (1805-88) proved this re-
sult in 1842. The theorem is of funda-
mental importance in chemistry
since it shows that it is not possible
to construct a correct model of atoms
and molecules if the electrons are
taken to be stationary.

earth The planet that orbits the sun
between the planets Venus and Mars.
The earth consists of three layers: the
gaseous atmosphere (see EARTH’S AT-
MOSPHERE), the liquid hydrosphere,
and the solid lithosphere. The solid
part of the earth also consists of
three layers: the crust with a mean
thickness of about 32 km under the
land and 10 km under the seas; the
mantle, which extends some

2900 km below the crust; and the
core, part of which is believed to be
liquid. The composition of the crust
is: oxygen 47%, silicon 28%, alu-
minium 8%, iron 4.5%, calcium 3.5%,
sodium and potassium 2.5% each,
and magnesium 2.2%. Hydrogen,
carbon, phosphorus, and sulphur are
all present to an extent of less than
1%.

earth’s atmosphere The gas that
surrounds the earth. The composi-
tion of dry air at sea level is: nitrogen
78.08%, oxygen 20.95%, argon 0.93%,
carbon dioxide 0.03%, neon 0.0018%,
helium 0.0005%, krypton 0.0001%,

and xenon 0.00001%. In addition to
water vapour, air in some localities
contains sulphur compounds, hydro-
gen peroxide, hydrocarbons, and
dust particles.

ebonite See VULCANITE.

ebullioscopic constant See ELEVA-
TION OF BOILING POINT.

ebullioscopy The use of *elevation
of boiling point to determine relative
molecular masses.

echelon A form of interferometer
consisting of a stack of glass plates
arranged stepwise with a constant
offset. It gives a high resolution and
is used in spectroscopy to study
hyperfine line structure.

eclipsed See CONFORMATION.

eclipsed conformation See con-
FORMATION.

eclipsing See CONFORMATION.

ecstasy (methylenedioxymetham-
phetamine; MDMA) A designer drug
based on methamphetamine (see AM-
PHETAMINES). Originally intended as
an appetite suppressant, it produces
a feeling of euphoria and is widely
used as a club drug. It is a class A
drug in the UK.

e M
<O \( ~ CH,
o CH,

Ecstasy

Edison cell See NICKEL-IRON ACCU-
MULATOR.
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EDTA Ethylenediaminetetraacetic
acid,

(HOOCCHS,),N(CH,),N(CH,COOH),,

a compound that acts as a chelating
agent, reversibly binding with iron,
magnesium, and other metal ions. It
is used in certain culture media
bound with iron, which it slowly re-
leases into the medium, and also in
some forms of quantitative analysis.

EELS (electron energy loss spec-
troscopy) A technique for studying
adsorbates and their dissociation. A
beam of electrons is reflected from a
surface and the energy loss they suf-
fer upon reflection is measured. This
loss can be used to interpret the vi-
brational spectrum of the adsorbate.
Very small amounts of adsorbate can
be detected using EELS (as few as 50
atoms in a sample); this is particu-
larly useful for light elements that
are not readily detected using other
techniques.

effervescence The formation of
gas bubbles in a liquid by chemical
reaction.

efficiency A measure of the perfor-
mance of a machine, engine, etc.,
being the ratio of the energy or
power it delivers to the energy or
power fed to it. In general, the effi-
ciency of a machine varies with the
conditions under which it operates
and there is usually a load at which it
operates with the highest efficiency.
The thermal efficiency of a heat en-
gine is the ratio of the work done by
the engine to the heat supplied by
the fuel. For a reversible heat engine
this efficiency equals (T, - T)/T4,
where T, is the thermodynamic tem-
perature at which all the heat is
taken up and T, is the thermody-
namic temperature at which it is
given out (See CARNOT CYCLE). For real
engines it is always less than this.

efflorescence The process in

which a crystalline hydrate loses
water, forming a powdery deposit on
the crystals.

effusion The flow of a gas through
a small aperture. The relative rates at
which gases effuse, under the same
conditions, is approximately in-
versely proportional to the square
roots of their densities.

Ehrenfest classification A
classification of phase transitions in
terms of their thermodynamic prop-
erties put forward by the Dutch
physicist Paul Ehrenfest (1880-1933).
A first-order phase transition is a
phase transition in which the first de-
rivative of the chemical potential is
discontinuous. In a first-order phase
transition there is a nonzero change
in the value of the enthalpy, entropy,
and volume at the transition temper-
ature. Melting and boiling are exam-
ples of first-order phase transitions.
In a second-order phase transition,
the first derivative of the chemical
potential is continuous but its second
derivative is not continuous. In a sec-
ond-order phase transition there is
no jump in the value of the enthalpy,
entropy, and volume at the transition
temperature. Examples of second-
order phase transitions include the
transition to ferromagnetism and
order-disorder transitions in alloys.

Ehrlich’'s reagent Sce P-DIMETHYI-
AMINOBENZADEHYDE.

eigenfunction In general, a solu-
tion of an *eigenvalue equation. In
*quantum mechanics eigenfunctions
occur as the allowed wave functions
of a system and so satisfy the
*Schrodinger equation.

eigenvalues The allowed set of val-
ues of the constants in an eigenvalue
equation. In an eigenvalue equation
the left-hand side consists of an oper-
ator and an *eigenfunction, upon
which the operator operates; the
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right-hand side of the equation con-
sists of the product of the same
eigenfunction and a constant. Eigen-
value equations occur in quantum
mechanics, with the eigenvalues
being the values of the quantized
quantities. In particular, the
Schrodinger equation is an eigen-
value equation with the allowed
quantized energy levels being the
eigenvalues of this equation.

Einstein, Albert (1879-1955) Ger-
man-born US physicist, who took
Swiss nationality in 1901. A year
later he went to work in the Bern
patent office. In 1905 he published
five enormously influential papers,
one on *Brownian movement, one
on the *photoelectric effect, one on
the special theory of relativity, and
one on energy and inertia (which in-
cluded the famous expression E =
mc?). In 1915 he published the gen-
eral theory of relativity, concerned
mainly with gravitation. In 1921 he
was awarded the Nobel Prize for
physics. In 1933, as a Jew, Einstein
decided to remain in the USA (where
he was lecturing), as Hitler had come
to power. For the remainder of his
life he sought a unified field theory.
In 1939 he informed President Roo-
sevelt that an atom bomb was feasi-
ble and that Germany might be able
to make one.

Einstein coefficients Coefficients
used in the quantum theory of radia-
tion, related to the probability of a
transition occurring between the
ground state and an excited state (or
vice versa) in the processes of *in-
duced emission and *spontaneous
emission. For an atom exposed to
electromagnetic radiation, the rate of
absorption R, is given by R, = Bp,
where p is the density of electromag-
netic radiation and B is the Einstein B
coefficient associated with absorp-
tion. The rate of induced emission is

also given by Bp, with the coefficient
B of induced emission being equal to
the coefficient of absorption. The rate
of spontaneous emission is given by
A, where A is the Einstein A coeffi-
cient of spontaneous emission. The A
and B coefficients are related by A =
8nhv3B|c3, where h is the Planck con-
stant, v is the frequency of electro-
magnetic radiation, and c is the speed
of light. The coefficients were put for-
ward by Albert *Einstein in 1916-17
in his analysis of the quantum theory
of radiation.

Einstein equation 1. The mass-
energy relationship announced by Al-
bert *Einstein in 1905 in the form E
= mc?, where E is a quantity of en-
ergy, m its mass, and c is the speed of
light. It presents the concept that en-
ergy possesses mass. 2. The relation-
ship E . = hf - W, where E_,, is the
maximum kinetic energy of elec-
trons emitted in the photoemissive
effect, h is the Planck constant, fthe
frequency of the incident radiation,
and W the *work function of the
emitter. This is also written E, ., = hf
- ¢e, where e is the electronic charge
and ¢ a potential difference, also
called the work function. (Sometimes
W and ¢ are distinguished as work
function energy and work function
potential.) The equation can also be
applied to photoemission from gases,
when it has the form: E=hf - I,
where I is the ionization potential of
the gas.

einsteinium Symbol Es. A radio-
active metallic transuranic element
belonging to the *actinoids; a.n. 99;
mass number of the most stable iso-
tope 254 (half-life 270 days). Eleven
isotopes are known. The element was
first identified by A. Ghiorso and as-
sociates in debris from the first hy-
drogen bomb explosion in 1952.
Microgram quantities of the element
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did not become available until 1961.
It is named after Albert *Einstein.
@) see wes s J

e Information from the WebElements site
Einstein-Smoluchowski equa-
tion A relation between the diffu-
sion coefficient D and the distance

A that a particle can jump when dif-
fusing in a time 1. The Einstein-
Smoluchowski equation, which is

D = A?[21, gives a connection between
the microscopic details of particle dif-
fusion and the macroscopic quanti-
ties associated with the diffusion,
such as the viscosity. The equation is
derived by assuming that the parti-
cles undergo a random walk. The
quantities in the equation can be re-
lated to quantities in the *kinetic
theory of gases, with A/t taken to be
the mean speed of the particles and
A their mean free path. The Einstein-
Smoluchowski equation was derived
by Albert Einstein and the Polish
physicist Marian Ritter von Smolan-
Smoluchowski.

Einstein theory of specific heat
A theory of the specific heat capacity
of solids put forward by Albert *Ein-
stein in 1906, in which it was as-
sumed that the specific heat capacity
is a consequence of the vibrations of
the atoms of the lattice of the solid.
Einstein assumed that each atom has
the same frequency v. The theory
leads to the correct conclusion that
the specific heat of solids tends to
zero as the temperature goes to ab-
solute zero, but does not give a cor-
rect quantitative description of the
low-temperature behaviour of the
specific heat capacity. In the *Debye
theory of specific heat, and in other
analyses of this problem, Einstein’s
simplifying approximation was im-
proved on by taking account of the
fact that the frequencies of lattice vi-
brations can have a range of values.

E-isomer See E-Z CONVENTION.

elastic collision A collision in
which the total kinetic energy of the
colliding bodies after collision is
equal to their total kinetic energy be-
fore collision. Elastic collisions occur
only if there is no conversion of ki-
netic energy into other forms, as in
the collision of atoms. In the case of
macroscopic bodies this will not be
the case as some of the energy will
become heat. In a collision between
polyatomic molecules, some kinetic
energy may be converted into vibra-
tional and rotational energy of the
molecules.

elastin A fibrous protein that is the
major constituent of the yellow elas-
tic fibres of connective tissue. It is
rich in glycine, alanine, proline, and
other nonpolar amino acids that are
cross-linked, making the protein rela-
tively insoluble. Elastic fibres can
stretch to several times their length
and then return to their original size.
Elastin is particularly abundant in
elastic cartilage, blood-vessel walls,
ligaments, and the heart.

elastomer A natural or synthetic
rubber or rubberoid material, which
has the ability to undergo deforma-
tion under the influence of a force
and regain its original shape once the
force has been removed.

electret A permanently electrified
substance or body that has opposite
charges at its extremities. Electrets
resemble permanent magnets in
many ways. An electret can be made
by cooling certain waxes in a strong
electric field.

electrical double layer A model
of the interface between an electrode
and the solution close to it. In this
model a sheet of one type of elec-
trical charge surrounds the surface
of the electrode and a sheet of

the opposite charge surrounds the
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first sheet in the solution. In the
Helmholtz model the double layer is
regarded as consisting of two planes
of charge, with the inner plane of
ions from the solution being caused
by the charge on the electrode and
the outer plane being caused by op-
positely charged ions in the solution
responding to the first layer of ions.
In the *Gouy-Chapman model (dif-
fuse double layer) thermal motion of
ions is taken into account. Neither
model is completely successful since
the Helmholtz model exaggerates the
rigidity of the structure of the
charges and the Gouy-Chapman
model underestimates the rigidity of
the structure. The Stern model im-
proves on both models by assuming
that the ions next to the electrode
have a rigid structure, while taking
the second layer to be as described
by the Gouy-Chapman model.

electric-arc furnace A furnace
used in melting metals to make al-
loys, especially in steel manufacture,
in which the heat source is an elec-
tric arc. In the direct-arc furnace,
such as the Héroult furnace, an arc is
formed between the metal and an
electrode. In the indirect-arc furnace,
such as the Stassano furnace, the arc
is formed between two electrodes
and the heat is radiated onto the
metal.

electrochemical cell See ceLL.

electrochemical equivalent
Symbol z. The mass of a given el-
ement liberated from a solution of its
ions in electrolysis by one coulomb
of charge. See FARADAY’S LAWS.

electrochemical series Sce ELEC-
TROMOTIVE SERIES.

electrochemistry The study of
chemical properties and reactions in-
volving ions in solution, including
electrolysis and electric cells.

electrochromatography See ELEC-
TROPHORESIS.

electrocyclic reaction A type of
cyclic rearrangement in which a
sigma bond is formed between two
terminal carbon atoms of a conju-
gated molecule, resulting in a de-
crease of one in the number of pi
bonds present.

B ~ ]

= XN

Electrocyclic reaction

electrode 1. A conductor that
emits or collects electrons in a cell,
thermionic valve, semiconductor de-
vice, etc. The anode is the positive
electrode and the cathode is the neg-
ative electrode. 2. See HALF CELL.

electrodeposition The process of
depositing one metal on another by
electrolysis, as in *electroforming
and *electroplating.

electrode potential The potential
difference produced between the
electrode and the solution in a *half
cell. It is not possible to measure this
directly since any measurement in-
volves completing the circuit with
the electrolyte, thereby introducing
another half cell. Standard electrode
potentials E© are defined by measur-
ing the potential relative to a stan-
dard *hydrogen half cell using 1.0
molar solution at 25°C. The conven-
tion is to designate the cell so that
the oxidized form is written first. For
example,
Pt(s)|H,(g)H*(aq)|Zn**(aq)|Zn(s)
The e.m.f. of this cell is -0.76 volt (i.e.
the zinc electrode is negative). Thus
the standard electrode potential of
the Zn?*|Zn half cell is -0.76 V. Elec-
trode potentials are also called reduc-
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tion potentials. See also ELECTROMO-
TIVE SERIES.

electrodialysis A method of ob-
taining pure water from water con-
taining a salt, as in *desalination.
The water to be purified is fed into a
cell containing two electrodes. Be-
tween the electrodes is placed an
array of *semipermeable membranes
alternately semipermeable to posi-
tive ions and negative ions. The ions
tend to segregate between alternate
pairs of membranes, leaving pure
water in the other gaps between
membranes. In this way, the feed
water is separated into two streams:
one of pure water and the other of
more concentrated solution.

electroendosmosis See ELECTRO-
OSMOSIS.

electroforming A method of form-
ing intricate metal articles or parts
by *electrodeposition of the metal on
a removable conductive mould.

electrokinetic potential (zeta po-
tential) Symbol {. The electric poten-
tial associated with an *electrical
double layer around a colloid at the
radius of shear, relative to the value
of the potential in the bulk of the so-
lution far from the colloid, where the
radius of shear is the radius of the
entity made up of the colloid and the
rigid layer of ions at the surface of
the colloid.

electroluminescence See LUMINES-
CENCE.

electrolysis The production of a
chemical reaction by passing an elec-
tric current through an electrolyte.
In electrolysis, positive ions migrate
to the cathode and negative ions to
the anode. The reactions occurring
depend on electron transfer at the
electrodes and are therefore redox re-
actions. At the anode, negative ions
in solution may lose electrons to

form neutral species. Alternatively,
atoms of the electrode can lose elec-
trons and go into solution as positive
ions. In either case the reaction is an
oxidation. At the cathode, positive
ions in solution can gain electrons to
form neutral species. Thus cathode
reactions are reductions.

electrolyte A liquid that conducts
electricity as a result of the presence
of positive or negative ions. Elec-
trolytes are molten ionic compounds
or solutions containing ions, i.e. solu-
tions of ionic salts or of compounds
that ionize in solution. Liquid metals,
in which the conduction is by free
electrons, are not usually regarded as
electrolytes. Solid conductors of ions,
as in the sodium-sulphur cell, are
also known as electrolytes.

electrolytic cell A cell in which
electrolysis occurs; i.e. one in which
current is passed through the elec-
trolyte from an external source.

electrolytic corrosion Corrosion
that occurs through an electrochemi-
cal reaction. See RUSTING.

electrolytic gas (detonating gas)
The highly explosive gas formed by
the electrolysis of water. It consists of
two parts hydrogen and one part oxy-
gen by volume.

electrolytic refining The purifica-
tion of metals by electrolysis. It is
commonly applied to copper. A large
piece of impure copper is used as the
anode with a thin strip of pure cop-
per as the cathode. Copper(II) sul-
phate solution is the electrolyte.
Copper dissolves at the anode: Cu —
Cu?* + 2e, and is deposited at the
cathode. The net result is transfer of
pure copper from anode to cathode.
Gold and silver in the impure copper
form a so-called anode sludge at the
bottom of the cell, which is recov-
ered.
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electrolytic separation A method
of separating isotopes by exploiting
the different rates at which they are
released in electrolysis. It was for-
merly used for separating deuterium
and hydrogen. On electrolysis of
water, hydrogen is formed at the
cathode more readily than deu-
terium, thus the water becomes en-
riched with deuterium oxide.

electromagnetic radiation En-
ergy resulting from the acceleration
of electric charge and the associated
electric fields and magnetic fields.
The energy can be regarded as waves
propagated through space (requiring
no supporting medium) involving os-
cillating electric and magnetic fields
at right angles to each other and to
the direction of propagation. In a vac-
uum the waves travel with a con-
stant speed (the speed of light) of
2.9979 x 108 metres per second; if
material is present they are slower.
Alternatively, the energy can be re-
garded as a stream of *photons trav-
elling at the speed of light, each
photon having an energy hc/A, where
h is the Planck constant, c is the
speed of light, and A is the wave-
length of the associated wave. A fu-
sion of these apparently conflicting
concepts is possible using the meth-
ods of *quantum mechanics. The
characteristics of the radiation de-
pend on its wavelength. See ELECTRO-
MAGNETIC SPECTRUM.

electromagnetic spectrum The
range of wavelengths over which
electromagnetic radiation extends.
The longest waves (10°-10-3 metres)
are radio waves, the next longest
(103-10"° m) are infrared waves,
then comes the narrow band (4-7 x
10-7 m) of visible radiation, followed
by ultraviolet waves (10-7-10° m)
and *X-rays and gamma radiation
(10-9-10""% m).

electromeric effect See ELEC-
TRONIC EFFECTS.

electrometallurgy The uses of
electrical processes in the separation
of metals from their ores, the refin-
ing of metals, or the forming or plat-
ing of metals.

electromotive force (e.m.f.) The
greatest potential difference that can
be generated by a particular source
of electric current. In practice this
may be observable only when the
source is not supplying current, be-
cause of its internal resistance.

electromotive series (electro-
chemical series) A series of chemical
elements arranged in order of their
*electrode potentials. The hydrogen
electrode (H* + e — :H,) is taken as
having zero electrode potential. El-
ements that have a greater tendency
than hydrogen to lose electrons to
their solution are taken as elec-
tropositive; those that gain electrons
from their solution are below hydro-
gen in the series and are called elec-
tronegative. The series shows the
order in which metals replace one
another from their salts; electroposi-
tive metals will replace hydrogen
from acids. The chief metals and hy-
drogen, placed in order in the series,
are: potassium, calcium, sodium,
magnesium, aluminium, zinc,
cadmium, iron, nickel, tin, lead,
hydrogen, copper, mercury, silver,
platinum, gold. This type of series is
sometimes referred to as an activity
series.

electron An elementary particle
with a rest mass of 9.109 3897(54) x
10-3! kg and a negative charge of
1.602 177 33(49) x 1071° coulomb.
Electrons are present in all atoms in
groupings called shells around the
nucleus; when they are detached
from the atom they are called free
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electrons. The antiparticle of the elec-
tron is the positron.

electron affinity Symbol A. The
energy change occurring when an
atom or molecule gains an electron
to form a negative ion. For an atom
or molecule X, it is the energy re-
leased for the electron-attachment re-
action

X(g) +e - X(g)

Often this is measured in electron-
volts. Alternatively, the molar en-
thalpy change, AH, can be used.

electron capture 1. The formation
of a negative ion by an atom or mol-
ecule when it acquires an extra free
electron. 2. A radioactive transfor-
mation in which a nucleus acquires
an electron from an inner orbit of
the atom, thereby transforming, ini-
tially, into a nucleus with the same
mass number but an atomic number
one less than that of the original nu-
cleus (capture of the electron trans-
forms a proton into a neutron). This
type of capture is accompanied by
emission of an X-ray photon or Auger
electron as the vacancy in the inner
orbit is filled by an outer electron.

electron configuration See con-
FIGURATION.

electron-deficient compound A
compound in which there are fewer
electrons forming the chemical
bonds than required in normal elec-
tron-pair bonds. Such compounds use
*multicentre bonds. See BORANE.

electron diffraction Diffraction of
a beam of electrons by atoms or mol-
ecules. The fact that electrons can be
diffracted in a similar way to light
and X-rays shows that particles can
act as waves (see DE BROGLIE WAVE-
LENGTH). An electron (mass m, charge
e) accelerated through a potential dif-
ference V acquires a kinetic energy
mv2[2 = eV, where v is the velocity of

the electron (nonrelativistic). Thus,
the momentum (p) of the electron is
\(2eVm). As the de Broglie wave-
length (A) of an electron is given by
hfp, where h is the Planck constant,
then A = hjN(2eVm). For an accelerat-
ing voltage of 3600 V, the wave-
length of the electron beam is 0.02
nanometre, some 3 x 104 times
shorter than visible radiation.
Electrons then, like X-rays, show
diffraction effects with molecules
and crystals in which the interatomic
spacing is comparable to the wave-
length of the beam. They have the
advantage that their wavelength can
be set by adjusting the voltage. Un-
like X-rays they have very low pene-
trating power. The first observation
of electron diffraction was by George
Paget *Thomson in 1927, in an ex-
periment in which he passed a beam
of electrons in a vacuum through a
very thin gold foil onto a photo-
graphic plate. Concentric circles
were produced by diffraction of elec-
trons by the lattice. The same year
Clinton J. Davisson (1881-1958) and
Lester Germer (1896-1971) per-
formed a classic experiment in
which they obtained diffraction pat-
terns by glancing an electron beam
off the surface of a nickel crystal.
Both experiments were important
verifications of de Broglie’s theory
and the new quantum theory.
Electron diffraction, because of the
low penetration, cannot easily be
used to investigate crystal structure.
It is, however, employed to measure
bond lengths and angles of molecules
in gases. Moreover, it is extensively
used in the study of solid surfaces
and absorption. The main techniques
are low-energy electron diffraction
(LEED) in which the electron beam is
reflected onto a fluorescent screen,
and high-energy electron diffraction
(HEED) used either with reflection or
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transmission in investigating thin
films.

electronegative Describing el-
ements that tend to gain electrons
and form negative ions. The halogens
are typical electronegative elements.
For example, in hydrogen chloride,
the chlorine atom is more elec-
tronegative than the hydrogen and
the molecule is polar, with negative
charge on the chlorine atom. There
are various ways of assigning values
for the electronegativity of an el-
ement. Mulliken electronegativities
are calculated from E = (I + A)/2,
where I is ionization potential and A
is electron affinity. More commonly,
Pauling electronegativities are used.
These are based on bond dissociation
energies using a scale in which
fluorine, the most electronegative el-
ement, has a value 4. Some other val-
ues on this scale are B 2, C 2.5, N 3.0,
03.5,811.8,P2.1,S2.5,Cl3.0, Br
2.8.

electron energy loss spectros-
copy See EELS.

electron flow The transfer of elec-
trons along a series of carrier mol-
ecules in the *electron transport
chain.

electron gas A model of the elec-
trons in a metal or a plasma in which
they are regarded as forming a gas
that interacts with a uniformly dis-
tributed background of positive
charge to ensure that the system is
electrically neutral. The electron gas
is analysed theoretically using either
classical or quantum statistical me-
chanics and the kinetic theory of
gases. The electron-gas model ac-
counts for many properties of metals
and plasmas in a qualitative and ap-
proximately quantitative way but
cannot give an accurate quantitative
account of these systems, as this
would require the motions of the

positive ions to be taken into ac-
count.

electronic effects Effects by
which the reactivity at one part of a
molecule is affected by electron at-
traction or repulsion originating in
another part of a molecule. Often
this is called an *inductive effect (or
resonance effect), although some-
times the term ‘inductive effect’ is re-
served for an influence transmitted
through chemical bonds and is dis-
tinguished from a field effect, which
is transmitted through space. An in-
ductive effect through chemical
bonds was formerly called a me-
someric effect (or mesomerism) or an
electromeric effect. It is common to
refer to all effects (through bonds or
through space) as resonance effects.

electronic spectra of molecules
The spectra associated with transi-
tions between the electronic states of
molecules. These transitions corre-
spond to the visible or ultraviolet
regions of the electromagnetic spec-
trum. There are changes in vibra-
tional and rotational energy when
electronic transitions occur. Conse-
quently there are spectral bands asso-
ciated with changes in vibrational
motion, with these bands having fine
structure due to changes in rota-
tional motion. Because electronic
transitions are associated with
changes in vibrational motion the
corresponding spectra are sometimes
called vibrational spectra. The elec-
tronic spectra of molecules are used
to obtain information about energy
levels in molecules, interatomic dis-
tances, dissociation energies of mol-
ecules, and force constants of
chemical bonds.

electron microscope A form of
microscope that uses a beam of elec-
trons instead of a beam of light (as in
the optical microscope) to form a
large image of a very small object. In
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optical microscopes the resolution is
limited by the wavelength of the
light. High-energy electrons, how-
ever, can be associated with a consid-
erably shorter wavelength than light;
for example, electrons accelerated to
an energy of 10° electronvolts have a
wavelength of 0.004 nanometre (see
DE BROGLIE WAVELENGTH) enabling a
resolution of 0.2-0.5 nm to be
achieved. The transmission electron
microscope has an electron beam,
sharply focused by electron lenses,
passing through a very thin metal-
lized specimen (less than 50 nanome-
tres thick) onto a fluorescent screen,
where a visual image is formed. This
image can be photographed. The
scanning electron microscope can be
used with thicker specimens and
forms a perspective image, although
the resolution and magnification are
lower. In this type of instrument a
beam of primary electrons scans

the specimen and those that are
reflected, together with any sec-
ondary electrons emitted, are col-
lected. This current is used to
modulate a separate electron beam
in a TV monitor, which scans the
screen at the same frequency, conse-
quently building up a picture of the
specimen. The resolution is limited
to about 10-20 nm.

electron-nuclear double reso-
nance See ENDOR.

electron paramagnetic reso-
nance (EPR) A spectroscopic
method of locating electrons within
the molecules of a paramagnetic sub-
stance (see MAGNETISM) in order to
provide information regarding its
bonds and structure. The spin of an
unpaired electron is associated with
a magnetic moment that is able to
align itself in one of two ways with
an applied external magnetic field.
These two alignments correspond to
different energy levels, with a statis-

tical probability, at normal tempera-
tures, that there will be slightly more
in the lower state than in the higher.
By applying microwave radiation to
the sample a transition to the higher
state can be achieved. The precise en-
ergy difference between the two
states of an electron depends on the
surrounding electrons in the atom or
molecule. In this way the position of
unpaired electrons can be investi-
gated. The technique is used particu-
larly in studying free radicals and
paramagnetic substances such as in-
organic complexes. It is also called
electron-spin resonance (ESR). See also
NUCLEAR MAGNETIC RESONANCE;
ENDOR.

electron probe microanalysis
(EPM) A method of analysing a very
small quantity of a substance (as lit-
tle as 10713 gram). The method con-
sists of directing a very finely focused
beam of electrons on to the sample
to produce the characteristic X-ray
spectrum of the elements present. It
can be used quantitatively for el-
ements with atomic numbers in ex-
cess of 11.

electron-spin resonance See ELEC-
TRON PARAMAGNETIC RESONANCE.

electron-transfer reaction A
chemical reaction that involves the
transfer, addition, or removal of elec-
trons. Electron-transfer reactions
often involve complexes of transition
metals. In such complexes one gen-
eral mechanism for electron transfer
is the inner-sphere mechanism, in
which two complexes form an inter-
mediate, with ligand bridges en-
abling electrons to be transferred
from one complex to another com-
plex. The other main mechanism is
the outer-sphere mechanism, in
which two complexes retain all their
ligands, with electrons passing from
one complex to the other.

The rates of electron-transfer reac-
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tions vary enormously. These rates along the chain. The ATP is then car-
can be explained in terms of the way ried across the mitochondrial mem-
in which molecules of the solvent brane in exchange for ADP. An

solvating the reactants rearrange so electron transport chain also occurs
as to solvate the products in the case  in *photosynthesis.

of the outer-sphere mechanism. In
the case of the inner-sphere (ligand-
bridged) reactions the rate of the re-
action depends on the intermediate
and the way in which the electron is
transferred.

electronvolt Symbol eV. A unit of
energy equal to the work done on an
electron in moving it through a po-
tential difference of one volt. It is
used as a measure of particle ener-
gies although it is not an *SI unit. 1
electron transport chain (elec- eV =1.602 x 107° joule.

tron transport system) A sequence of  gjectroorganic reaction An or-
blo_chemlcal reduction-oxidation re- ganic reaction produced in an elec-
actions that effects the transfer of trolytic cell. Electroorganic reactions
electrons through a serles.of CAITIeTs.  are ysed to synthesize compounds
An electron transport chain, also that are difficult to produce by con-
known as the respiratory Cha',n’ . ventional techniques. An example of
forms the final stage of aerobic respi- 3 electroorganic reaction is *Kolbe’s

ration. It results in the transfer of method of synthesizing alkanes.
electrons or hydrogen atoms derived .

from the *Krebs cycle to molecular electroosmosis The movement of
oxygen, with the formation of water. @ polar liquid through a membrane
At the same time it conserves energy ~under the influence of an applied

from food or light in the form of electric field. The linear velocity of
*ATP. The chain comprises a series of 0w divided by the field strength is
carrier molecules that undergo re- the electrposmotlc mobility. Elelec-
versible reduction-oxidation reac- troosmosis was formerly called elec-
tions, accepting electrons and then troendosmosis.

donating them to the next carrier in  electroosmotic mobility See ELEC-
the chain - a process known as elec-  TRoosMOSIS.

tron flow. In the mitochondria,

NADH and FADH,, generated by the electropherogram See CAPILLARY
Krebs cycle, transfer their electrons ELECTROPHORESIS.

to a chain including coenzyme Q (see  electrophile An ion or molecule

UBIQUINONE) and a series of *cy- that is electron deficient and can ac-
tochromes. This process is coupled to  cept electrons. Electrophiles are
the formation of ATP at three sites often reducing agents and Lewis

inner mitochondrial

membrane
e p p
2e” 2e” 2e”,

NADH —> biqui —| cytochrome —»| cytochrome

dehydrogenase ubiquinone bfc1 complex oxidase
NADH H.O
+H* . 2

NAD 2H* + %20,

Electron transport chain
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*acids. They are either positive ions
(e.g. NO,*) or molecules that have a
positive charge on a particular atom
(e.g. SO3, which has an electron-
deficient sulphur atom). In organic
reactions they tend to attack nega-
tively charged parts of a molecule.
Compare NUCLEOPHILE.

electrophilic addition An *addi-
tion reaction in which the first step is
attack by an electrophile (e.g. a posi-
tive ion) on an electron-rich part of
the molecule. An example is addition
to the double bonds in alkenes.

electrophilic substitution A
*substitution reaction in which the
first step is attack by an electrophile.
Electrophilic substitution is a feature
of reactions of benzene (and its com-
pounds) in which a positive ion ap-
proaches the delocalized pi electrons
on the benzene ring.

electrophoresis (cataphoresis) A
technique for the analysis and sepa-
ration of colloids, based on the move-
ment of charged colloidal particles in
an electric field. There are various ex-
perimental methods. In one the sam-
ple is placed in a U-tube and a buffer
solution added to each arm, so that
there are sharp boundaries between
buffer and sample. An electrode is
placed in each arm, a voltage ap-
plied, and the motion of the bound-
aries under the influence of the field
is observed. The rate of migration of
the particles depends on the field,
the charge on the particles, and on
other factors, such as the size and
shape of the particles. More simply,
electrophoresis can be carried out
using an adsorbent, such as a strip of
filter paper, soaked in a buffer with
two electrodes making contact. The
sample is placed between the elec-
trodes and a voltage applied. Differ-
ent components of the mixture
migrate at different rates, so the sam-
ple separates into zones. The compo-

nents can be identified by the rate
at which they move. In gel elec-
trophoresis the medium is a gel, typi-
cally made of polyacrylamide (see
PAGE), agarose, or starch.
Electrophoresis, which has also
been called electrochromatography,
is used extensively in studying mix-
tures of proteins, nucleic acids, car-
bohydrates, enzymes, etc. In clinical
medicine it is used for determining
the protein content of body fluids.

electrophoretic deposition A
technique for coating a material
making it an electrode in a bath con-
taining a colloidal suspension of
charged particles. Under suitable con-
ditions, the particles are attracted to,
and deposited on, the electrode. Elec-
trophoretic deposition is used exten-
sively in industry; for example, in
applying paint to metal components.

electrophoretic effect The effect
in which the mobility of ions in solu-
tion moving under the influence of
an applied electric field is affected by
the flow of ions of opposite charge in
the opposite direction.

electroplating A method of plat-
ing one metal with another by *elec-
trodeposition. The articles to be
plated are made the cathode of an
electrolytic cell and a rod or bar of
the plating metal is made the anode.
Electroplating is used for covering
metal with a decorative, more expen-
sive, or corrosion-resistant layer of
another metal.

electropositive Describing el-
ements that tend to lose electrons
and form positive ions. The alkali
metals are typical electropositive el-
ements.

electrospray ionization (ESI) A
technique for producing ions for
mass spectrometry, used especially
for obtaining ions from large mol-
ecules, which would be likely to pro-
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duce fragment ions in electron-
impact impact ionization sources.
The sample is dissolved in a volatile
solvent, which may also contain
volatile acids or bases so that the
sample exists in an ionic form. The
solution is forced through a charged
metal capillary tube and forms an
aerosol. Evaporation of the solvent
results in single ions of the sample,
which are analyzed by the mass spec-
trometer. Electrospray ionization is
the ionization technique often used
in chromatography-mass spectrome-
try.

electrovalent bond See cHEMICAL
BOND.

electrum 1. An alloy of gold and
silver containing 55-88% of gold.

2. A *German silver alloy containing
52% copper, 26% nickel, and 22%
zinc.

element A substance that cannot
be decomposed into simpler sub-
stances. In an element, all the atoms
have the same number of protons or
electrons, although the number of
neutrons may vary. There are 92
naturally occurring elements. See
also PERIODIC TABLE; TRANSURANIC EL-
EMENTS; TRANSACTINIDE ELEMENTS.

elementary particle One of the
fundamental particles of which mat-
ter is composed, such as the electron,
proton, or neutron.

elementary reaction A reaction
with no intermediates; i.e. one that
takes place in a single step with a sin-
gle transition state.

elevation of boiling point An in-
crease in the boiling point of a liquid
when a solid is dissolved in it. The el-
evation is proportional to the num-
ber of particles dissolved (molecules
or ions) and is given by At = k;C,
where C is the molal concentration
of solute. The constant kg is the ebul-

lioscopic constant of the solvent and
if this is known, the molecular
weight of the solute can be calcu-
lated from the measured value of At.
The elevation is measured by a Beck-
mann thermometer. See also COLLIGA-
TIVE PROPERTIES.

elimination reaction A reaction
in which one molecule decomposes
into two, one much smaller than the
other.

Elinvar Trade name for a nickel-
chromium steel containing about
36% nickel, 12% chromium, and
smaller proportions of tungsten and
manganese. Its elasticity does not
vary with temperature and it is
therefore used to make hairsprings
for watches.

Ellingham diagram A diagram
used to show the conditions under
which a metal oxide can be reduced
to a metal. The standard Gibbs free
energy of formation of the oxide is
considered, for example,

M + 20, - MO
This value, AG®, is plotted against
temperature. In general, the result is
a straight line. In some cases, there is
an abrupt change in the line’s slope
at a point because of a phase change.
The value of AG® for the reducing
agent is also plotted. For example, if
the reducing agent is carbon forming
carbon dioxide, it is AG® for the re-
action

C+0, - CO,

2M + 02 = 2MO
CO + 02 = 2C0O2

»
!

free
energy

C+02=C02

2C + 02 = 2CO
»
Ll
temperature

Ellingham diagram
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Reduction can occur in the range of
temperatures in which the carbon
curve is lower than the metal curve.
The diagram was devised by the
physical chemist H. J. T. Ellingham.

elliptical polarization See PorLAR-
IZATION OF LIGHT.

elongation (in protein synthesis)
The phase in which amino acids are
linked together by sequentially
formed peptide bonds to form a
polypeptide chain. Elongation factors
are proteins that - by binding to a
tRNA-amino-acid complex - enable
the correct positioning of this com-
plex on the ribosome, so that transla-
tion can proceed.

eluate Se¢e CHROMATOGRAPHY; ELU-
TION.

eluent See CHROMATOGRAPHY; ELU-
TION.

elution The process of removing an
adsorbed material (adsorbate) from
an adsorbent by washing it in a lig-
uid (eluent). The solution consisting
of the adsorbate dissolved in the elu-
ent is the eluate. Elution is the
process used to wash components of
a mixture through a *chromatogra-
phy column.

elutriation The process of suspend-
ing finely divided particles in an up-
ward flowing stream of air or water
to wash and separate them into sized
fractions.

emanation The former name for
the gas radon, of which there are
three isotopes: Rn-222 (radium ema-
nation), Rn-220 (thoron emanation),
and Rn-219 (actinium emanation).

emerald The green gem variety of
*beryl: one of the most highly prized
gemstones. The finest specimens
occur in the Muzo mines, Colombia.
Other occurrences include the Ural
Mountains, the Transvaal in South

Africa, and Kaligunan in India. Emer-
alds can also be successfully synthe-
sized.

emergency action code See
HAZCHEM CODE.

emery A rock composed of corun-
dum (natural aluminium oxide,
Al,O;) with magnetite, haematite, or
spinel. It occurs on the island of
Naxos (Greece) and in Turkey. Emery
is used as an abrasive and polishing
material and in the manufacture of
certain concrete floors.

e.m.f. See ELECTROMOTIVE FORCE.
emission spectrum See SPECTRUM.

empirical Denoting a result that is
obtained by experiment or observa-
tion rather than from theory.

empirical formula See FORMULA.

emulsification (in digestion) The
breakdown of fat globules in the duo-
denum into tiny droplets, which pro-
vides a larger surface area on which
the enzyme pancreatic *lipase can
act to digest the fats into fatty acids
and glycerol. Emulsification is as-
sisted by the action of the bile salts
in bile.

emulsion A *colloid in which small
particles of one liquid are dispersed
in another liquid. Usually emulsions
involve a dispersion of water in an
oil or a dispersion of oil in water, and
are stabilized by an emulsifier. Com-
monly emulsifiers are substances,
such as *detergents, that have
lyophobic and lyophilic parts in their
molecules.

en The symbol for ethylene diamine
(1,2-diaminoethane) functioning as a
bidentate ligand, used in formulae.

enamine A type of compound with
the general formula

R'R2C = C(R%)-NR*R®,
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where R is a hydrocarbon group or
hydrogen. Enamines can be produced
by condensation of an aldehyde or
ketone with a secondary amine.

enantiomeric pair A pair of mol-
ecules consisting of one chiral mol-
ecule and the mirror image of this
molecule. The molecules making up
an enantiomeric pair rotate the plane
of polarized light in equal, but oppo-
site, directions.

enantiomers See OPTICAL ACTIVITY.

enantiomorph See orPTICAL ACTIV-
ITY.

enantiomorphism See OPTICAL AC-
TIVITY.

enantiotopic Denoting a ligand a,
attached to a *prochiral centre, in
which the replacement of this ligand
with a ligand d (which is different
from the ligands a, b, and c attached
to the prochiral centre) gives rise to a
pair of enantiomers C, .

enantiotropy See ALLOTROPY.

endo- Prefix used to designate a
bridged ring molecule with a sub-
stituent on the ring that is on the
same side as the bridge. If the sub-
stituent is on the opposite side the
compound is designated exo-.

endocannabinoids Se¢ CANNABI-
NOIDS.

ENDOR Electron-nuclear double res-
onance. A magnetic resonance tech-
nique involving exitation of both
electron spins and nuclear spins. Two
sources of radiation are used. One is
a fixed source at microwave fre-
quency, which partially saturates the
electron spins. The other is a variable
radiofrequency source, which excites
the atomic nuclear spins. Excitation
of the nuclear spins affects the elec-
tron spins by hyperfire coupling, in-
creasing the relaxation time of the
excited electron spins and increasing

the signal strength. The technique,
which is usually done at low temper-
atures, is used to investigate para-
magnetic molecules. See also
ELECTRON PARAMAGNETIC RESONANCE.

endothermic Denoting a chemical
reaction that takes heat from its sur-
roundings. Compare EXOTHERMIC.

end point The point in a titration
at which reaction is complete as
shown by the *indicator.

energy A measure of a system’s
ability to do work. Like work itself, it
is measured in joules. Energy is con-
veniently classified into two forms:
potential energy is the energy stored
in a body or system as a consequence
of its position, shape, or state (this in-
cludes gravitational energy, electrical
energy, nuclear energy, and chemical
energy); kinetic energy is energy of
motion and is usually defined as the
work that will be done by the body
possessing the energy when it is
brought to rest. For a body of mass m
having a speed v, the kinetic energy
is mv2[2 (classical) or (m - mg)c? (rela-
tivistic). The rotational kinetic energy
of a body having an angular velocity
o is Iow?/2, where [ is its moment of
inertia.

The *internal energy of a body is
the sum of the potential energy and
the kinetic energy of its component
atoms and molecules.

energy bands A range of energies
that electrons can have in a solid. In
a single atom, electrons exist in dis-
crete *energy levels. In a crystal, in
which large numbers of atoms are
held closely together in a lattice,
electrons are influenced by a number
of adjacent nuclei and the sharply
defined levels of the atoms become
bands of allowed energy; this ap-
proach to energy levels in solids is
often known as the band theory.
Each band represents a large number
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energy level

conduction
band

forbidden band conduction conduction band
band
NN\
distribution
valence band
valence valence
band band
Insulator Conductor Semiconductor
Energy bands

of allowed quantum states. Between
the bands are forbidden bands. The
outermost electrons of the atoms (i.e.
the ones responsible for chemical
bonding) form the valence band of
the solid. This is the band, of those
occupied, that has the highest en-
ergy.

The band structure of solids ac-
counts for their electrical properties.
In order to move through the solid,
the electrons have to change from
one quantum state to another. This
can only occur if there are empty
quantum states with the same en-
ergy. In general, if the valence band
is full, electrons cannot change to
new quantum states in the same
band. For conduction to occur, the
electrons have to be in an unfilled
band - the conduction band. Metals
are good conductors either because
the valence band and the conduction
band are only half-illed or because
the conduction band overlaps with
the valence band; in either case va-
cant states are available. In insulators
the conduction band and valence
band are separated by a wide forbid-
den band and electrons do not have
enough energy to ‘jump’ from one to
the other. In intrinsic semiconduc-
tors the forbidden gap is narrow and,
at normal temperatures, electrons at

the top of the valence band can move
by thermal agitation into the conduc-
tion band (at absolute zero, a semi-
conductor would act as an insulator).
Doped semiconductors have extra
bands in the forbidden gap. See illus-
tration.

energy level A definite fixed en-
ergy that a molecule, atom, electron,
or nucleus can have. In an atom, for
example, the atom has a fixed energy
corresponding to the *orbitals in
which its electrons move around the
nucleus. The atom can accept a quan-
tum of energy to become an excited
atom (see EXCITATION) if that extra en-
ergy will raise an electron to a per-
mitted orbital. Between the ground
state, which is the lowest possible
energy level for a particular system,
and the first excited state there are
no permissible energy levels. Accord-
ing to the *quantum theory, only
certain energy levels are possible. An
atom passes from one energy level to
the next without passing through
fractions of that energy transition.
These levels are usually described by
the energies associated with the indi-
vidual electrons in the atoms, which
are always lower than an arbitrary
level for a free electron. The energy
levels of molecules also involve quan-
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tized vibrational and rotational mo-
tion.

Engel’s salt See POTASSIUM CARBON-
ATE.

enolate ion A negative ion ob-
tained from an enol, by removal of a
hydrogen atom. Enolate ions can
have two forms: one with a single
C-C bond and the negative charge on
the beta carbon atom and the other
with a double C-C bond and the neg-
ative charge on the oxygen atom.

enols Compounds containing the
group -CH=C(OH)- in their mol-
ecules. See also KETO-ENOL TAU-
TOMERISM.

enrichment The process of increas-
ing the abundance of a specified iso-
tope in a mixture of isotopes. It is
usually applied to an increase in the
proportion of U-235, or the addition
of Pu-239 to natural uranium for use
in a nuclear reactor or weapon.

ensemble A set of systems of parti-
cles used in *statistical mechanics to
describe a single system. The concept
of an ensemble was put forward by
the US scientist Josiah Willard Gibbs
(1839-1903) in 1902 as a way of cal-
culating the time average of the sin-
gle system, by averaging over the
systems in the ensemble at a fixed
time. An ensemble of systems is con-
structed from knowledge of the sin-
gle system and can be represented as
a set of points in phase space with
each system of the ensemble repre-
sented by a point. Ensembles can be
constructed both for isolated systems
and for open systems.

enthalpy Symbol H. A thermody-
namic property of a system defined
by H=U + pV, where H is the en-
thalpy, U is the internal energy of the
system, p its pressure, and V its vol-
ume. In a chemical reaction carried
out in the atmosphere the pressure

remains constant and the enthalpy of
reaction, AH, is equal to AU + pAV.

For an exothermic reaction AH is
taken to be negative.

entropy Symbol S. A measure of
the unavailability of a system’s en-
ergy to do work; in a closed system,
an increase in entropy is accompa-
nied by a decrease in energy avail-
ability. When a system undergoes a
reversible change the entropy (S)
changes by an amount equal to the
energy (Q) transferred to the system
by heat divided by the thermody-
namic temperature (T) at which this
occurs, i.e. AS = AQJT. However, all
real processes are to a certain extent
irreversible changes and in any
closed system an irreversible change
is always accompanied by an increase
in entropy.

In a wider sense entropy can be in-
terpreted as a measure of disorder;
the higher the entropy the greater
the disorder (see BOLTZMANN
FORMULA). As any real change to a
closed system tends towards higher
entropy, and therefore higher disor-
der, it follows that the entropy of the
universe (if it can be considered a
closed system) is increasing and its
available energy is decreasing. This
increase in the entropy of the uni-
verse is one way of stating the sec-
ond law of *thermodynamics.

envelope See RING CONFORMATIONS.

enyl complex A type of complex
in which there is a link between the
metal atom or ion and the pi elec-
trons of a double bond. *Zeise’s salt
was the first known example.

enzyme A protein that acts as a
*catalyst in biochemical reactions.
Each enzyme is specific to a particu-
lar reaction or group of similar reac-
tions. Many require the association of
certain nonprotein *cofactors in
order to function. The molecule un-
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dergoing reaction (the substrate)
binds to a specific *active site on the
enzyme molecule to form a short-
lived intermediate (see ENZYME-
SUBSTRATE COMPLEX): this greatly in-
creases (by a factor of up to 102°) the
rate at which the reaction proceeds
to form the product. Enzyme activity
is influenced by substrate concentra-
tion and by temperature and pH,
which must lie within a certain
range. Other molecules may compete
for the active site, causing *inhibi-
tion of the enzyme or even irre-
versible destruction of its catalytic
properties.

Enzyme production is governed by
a cell’s genes. Enzyme activity is fur-
ther controlled by pH changes, alter-
ations in the concentrations of
essential cofactors, feedback inhibi-
tion by the products of the reaction,
and activation by another enzyme,
either from a less active form or an
inactive precursor (zymogen). Such
changes may themselves be under
the control of hormones or the
nervous system. See also ENZYME KI-
NETICS.

Enzymes are classified into six
major groups, according to the type
of reaction they catalyse: (1) oxidore-
ductases; (2) transferases; (3) hydro-
lases; (4) lyases; (5) isomerases; (6)
ligases. The names of most individual
enzymes also end in -ase, which is
added to the names of the substrates
on which they act. Thus lactase is the
enzyme that acts to break down lac-
tose; it is classified as a hydrolase.
@) see wes s J
e Information about IUPAC nomenclature
enzyme inhibition See INHIBITION.

enzyme kinetics The study of the
rates of enzyme-catalysed reactions.
Rates of reaction are usually meas-
ured by using the purified enzyme in
vitro with the substrate and then ob-
serving the formation of the product

or disappearance of the substrate. As
the concentration of the substrate is
increased the rate of reaction in-
creases proportionally up to a certain
point, after which any further in-
crease in substrate concentration no
longer increases the reaction rate (see
MICHAELIS-MENTEN CURVE). At this
point, all active sites of the enzyme
are saturated with substrate; any fur-
ther increase in the rate of reaction
will occur only if more enzyme is
added. Reaction rates are also af-
fected by the presence of inhibitors
(see INHIBITION), temperature, and pH
(see ENZYME).

enzyme-substrate complex The
intermediate formed when a sub-
strate molecule interacts with the
*active site of an enzyme. Following
the formation of an enzyme-
substrate complex, the substrate
molecule undergoes a chemical reac-
tion and is converted into a new
product. Various mechanisms for the
formation of enzyme-substrate com-
plexes have been suggested, includ-
ing the *induced-fit model and the
*lock-and-key mechanism.

ephedrine An alkaloid,
C¢HsCH(OH)CH(CH;)NHCH; found in
plants of the genus Ephedra, once
used as a bronchodilator in the treat-
ment of asthma. It is also used as a
stimulant and appetite suppressant.
Structurally, it is a phenylethylamine
and is similar to amphetamines, al-
though less active. It is, however,
widely used in the illegal synthesis of
methamphetamine. The molecule
has two chiral centres. If the stereo-

OH

ZT

CH

CH

Ephedrine
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chemical conformations are opposite
(i.e. 1R,2S or 1S,1R) the name
ephedrine is used. If the conforma-
tions are the same (1R,2R or 15,25)
then the compound is called pseu-
doephedrine.

epimerism A type of optical iso-
merism in which a molecule has two
chiral centres; two optical isomers
(epimers) differ in the arrangement
about one of these centres. See also
OPTICAL ACTIVITY.

epinephrine See ADRENALINE.

epitaxy (epitaxial growth) Growth
of a layer of one substance on a sin-
gle crystal of another, such that the
crystal structure in the layer is the
same as that in the substrate. It is
used in making semiconductor de-
vices.

EPM See ELECTRON PROBE MICRO-
ANALYSIS.

epoietin (EPO) A hormone that reg-
ulates the production of red blood
cells in the body. The drug is used
medically to treat anemia, and is also
used illegally by athletes participat-
ing in endurance events.

epoxides Compounds that contain
oxygen atoms in their molecules as
part of a three-membered ring (see
formula). Epoxides are thus cyclic
ethers.

H,C CH,
H30>W<CH3
(0]

Epoxides

epoxyethane (ethylene oxide) A
colourless flammable gas, C,H,O;
m.p. -111°C; b.p. 13.5°C. It is a cyclic
ether (see EPOXIDES), made by the cat-
alytic oxidation of ethene. It can be
hydrolysed to ethane-1,2-diol and
also polymerizes to ...-OC,H,-O-C,H,-
..., which is used for lowering the

viscosity of water (e.g. in fire fight-
ing).

epoxy resins Synthetic resins pro-
duced by copolymerizing epoxide
compounds with phenols. They con-
tain -O- linkages and epoxide groups
and are usually viscous liquids. They
can be hardened by addition of
agents, such as polyamines, that
form cross-linkages. Alternatively,
catalysts may be used to induce fur-
ther polymerization of the resin.
Epoxy resins are used in electrical
equipment and in the chemical in-
dustry (because of resistance to
chemical attack). They are also used
as adhesives.

EPR See ELECTRON PARAMAGNETIC
RESONANCE.

epsomite A mineral form of *mag-
nesium sulphate heptahydrate,
MgSO0.,.7H,0.

Epsom salt See MAGNESIUM SUIL-
PHATE.

equation of state An equation
that relates the pressure p, volume V,
and thermodynamic temperature T
of an amount of substance n. The
simplest is the ideal *gas law:

pV =nRT,
where R is the universal gas constant.
Applying only to ideal gases, this
equation takes no account of the vol-
ume occupied by the gas molecules
(according to this law if the pressure
is infinitely great the volume be-
comes zero), nor does it take into ac-
count any forces between molecules.
A more accurate equation of state
would therefore be

(p + K)(V - nb) = nRT,
where k is a factor that reflects the
decreased pressure on the walls of
the container as a result of the attrac-
tive forces between particles, and nb
is the volume occupied by the parti-
cles themselves when the pressure is
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infinitely high. In van der Waals's
equation, proposed by the Dutch
physicist J. D. van der Waals (1837-
1923),

k=n2afV?,
where a is a constant. This equation

more accurately reflects the behav-
iour of real gases; several others have

done better but are more complicated.

equatorial 1. See RING CONFORMA-
TIONS. 2. See APICAL.

equilibrium A state in which a sys-
tem has its energy distributed in the
statistically most probable manner; a
state of a system in which forces,
influences, reactions, etc., balance
each other out so that there is no net
change. A body is said to be in ther-
mal equilibrium if no net heat ex-
change is taking place within it or
between it and its surroundings. A
system is in *chemical equilibrium
when a reaction and its reverse are
proceeding at equal rates (see also
EQUILIBRIUM CONSTANT). These are
examples of dynamic equilibrium, in
which activity in one sense or direc-
tion is in aggregate balanced by com-
parable reverse activity.

equilibrium constant For a re-
versible reaction of the type

XA +yB<==zC+wD
chemical equilibrium occurs when
the rate of the forward reaction
equals the rate of the back reaction,
so that the concentrations of prod-
ucts and reactants reach steady-state
values. It can be shown that at equi-
librium the ratio of concentrations

[CFDJ*/IABP
is a constant for a given reaction and

fixed temperature, called the equilib-
rium constant K. (where the ¢ indi-

cates concentrations have been used).

Note that, by convention, the prod-
ucts on the right-hand side of the re-
action are used on the top line of the

expression for equilibrium constant.
This form of the equilibrium con-
stant was originally introduced in
1863 by C. M. Guldberg and P. Waage
using the law of *mass action. They
derived the expression by taking the
rate of the forward reaction

KAAF(BY
and that of the back reaction

ky[CF[D]

Since the two rates are equal at equi-
librium, the equilibrium constant K,

is the ratio of the rate constants kk,,.
The principle that the expression is a
constant is known as the equilibrium
law or law of chemical equilibrium.

The equilibrium constant shows
the position of equilibrium. A low
value of K, indicates that [C] and [D]
are small compared to [A] and [B]; i.e.
that the back reaction predominates.
It also indicates how the equilibrium
shifts if concentration changes. For
example, if [A] is increased (by
adding A) the equilibrium shifts to-
wards the right so that [C] and [D] in-
crease, and K. remains constant.

For gas reactions, partial pressures
are used rather than concentrations.
The symbol K,, is then used. Thus, in
the example above

K, = pc*po"[pA"Py’

It can be shown that, for a given re-
action K, = K(RT)*", where Av is the
difference in stoichiometric coeffi-
cients for the reaction (i.e. z+w - x -
). Note that the units of K, and K. de-
pend on the numbers of molecules
appearing in the stoichiometric equa-
tion. The value of the equilibrium
constant depends on the tempera-
ture. If the forward reaction is
exothermic, the equilibrium constant
decreases as the temperature rises; if
endothermic it increases (see also
VAN'T HOFF'S ISOCHORE).

The expression for the equilibrium
constant can also be obtained by
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thermodynamics; it can be shown
that the standard equilibrium con-
stant K< is given by exp(-AG © [RT),
where AG® is the standard Gibbs
free energy change for the complete
reaction. Strictly, the expressions
above for equilibrium constants are
true only for ideal gases (pressure) or
infinite dilution (concentration). For
accurate work *activities are used.

equilibrium law See EQUILIBRIUM
CONSTANT.

equipartition of energy The
theory, proposed by Ludwig *Boltz-
mann and given some theoretical
support by James Clerk *Maxwell,
that the energy of gas molecules in a
large sample under thermal *equilib-
rium is equally divided among their
available *degrees of freedom, the
average energy for each degree of
freedom being kT2, where k is the
*Boltzmann constant and T is the
thermodynamic temperature. The
proposition is not generally true if
quantum considerations are impor-
tant, but is frequently a good approx-
imation.

equivalence point The point in a
titration at which reaction is com-
plete. See INDICATOR.

equivalent proportions See
CHEMICAL COMBINATION.

equivalent weight The mass of
an element or compound that could
combine with or displace one gram
of hydrogen (or eight grams of oxy-
gen or 35.5 grams of chlorine) in a
chemical reaction. The equivalent
weight represents the ‘combining
power’ of the substance. For an el-
ement it is the relative atomic mass
divided by the valency. For a com-
pound it depends on the reaction
considered.

erbium Symbol Er. A soft silvery
metallic element belonging to the

*lanthanoids; a.n. 68; r.a.m. 167.26;
r.d. 9.006 (20°C); m.p. 1529°C; b.p.
2863°C. It occurs in apatite, gadolin-
ite, and xenotine from certain
sources. There are six natural iso-
topes, which are stable, and twelve
artificial isotopes are known. It has
been used in alloys for nuclear tech-
nology as it is a neutron absorber; it
is being investigated for other poten-
tial uses. It was discovered by Carl
Mosander (1797-1858) in 1843.

[ @) see wes Links J
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ergocalciferol See vITAMIN D.

ergodic hypothesis A hypothesis
in *statistical mechanics concerning
phase space. If a system of N atoms
or molecules is enclosed in a fixed
volume, the state of this system is
given by a point in 6N-dimensional
phase space with g; representing co-
ordinates and p; representing mo-
menta. Taking the energy E to be
constant, a representative point in
phase space describes an orbit on the
surface E(g;,p;) = ¢, where cis a con-
stant. The ergodic hypothesis states
that the orbit of the representative
point in phase space eventually goes
through all points on the surface.
The quasi-ergodic hypothesis states
that the orbit of the representative
point in phase space eventually
comes close to all points on the sur-
face. In general, it is very difficult to
prove the ergodic or quasi-ergodic
hypotheses for a given system. See
also ERGODICITY.

ergodicity A property of a system
that obeys the *ergodic hypothesis.
The ergodicity of systems has been
discussed extensively in the founda-
tions of *statistical mechanics, al-
though it is now thought by many
physicists to be irrelevant to the
problem. Considerations of ergodic-
ity occur in dynamics, since the be-
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haviour can be very complex even
for simple *dynamical systems (see
ATTRACTOR). Systems, such as *spin
glasses, in which ergodicity is
thought not to hold are described as
having broken ergodicity.

ergosterol A *sterol occurring in
fungi, bacteria, algae, and plants. It is
converted into vitamin D, by the ac-
tion of ultraviolet light.

ESCA Sce PHOTOELECTRON SPEC-
TROSCOPY.

eserine (physostigmine) An alka-
loid, derived from the calabar bean
plant, that inhibits cholinesterase by
covalently binding with it (see INHIBI-
TION). Eserine is used to treat the eye
condition glaucoma.

H,C o
N
[
H,C

Eserine

ESI See ELECTROSPRAY IONIZATION.

ESR See ELECTRON PARAMAGNETIC
RESONANCE.

essential amino acid An *amino
acid that an organism is unable to
synthesize in sufficient quantities. It

must therefore be present in the diet.

In man the essential amino acids are
arginine, histidine, lysine, threonine,
methionine, isoleucine, leucine, va-
line, phenylalanine, and tryptophan.
These are required for protein syn-
thesis and deficiency leads to re-
tarded growth and other symptoms.
Most of the amino acids required by
man are also essential for all other
multicellular animals and for most
protozoans.

essential element Any of a num-

ber of elements required by living or-
ganisms to ensure normal growth,
development, and maintenance.
Apart from the elements found in or-
ganic compounds (i.e. carbon, hydro-
gen, oxygen, and nitrogen), plants,
animals, and microorganisms all re-
quire a range of elements in inor-
ganic forms in varying amounts,
depending on the type of organism.
The major elements, present in tis-
sues in relatively large amounts
(greater than 0.005%), are calcium,
phosphorus, potassium, sodium,
chlorine, sulphur, and magnesium.
The trace elements occur at much
lower concentrations and thus re-
quirements are much less. The most
important are iron, manganese, zing,
copper, iodine, cobalt, selenium,
molybdenum, chromium, and sili-
con. Each element may fulfil one or
more of a variety of metabolic roles.

essential fatty acids *Fatty acids
that must normally be present in the
diet of certain animals, including
man. Essential fatty acids, which in-
clude *linoleic and *linolenic acids,
all possess double bonds at the same
two positions along their hydrocar-
bon chain and so can act as precur-
sors of *prostaglandins. Deficiency of
essential fatty acids can cause der-
matosis, weight loss, irregular
oestrus, etc. An adult human re-
quires 2-10 g linoleic acid or its
equivalent per day.

essential oil A natural oil with a
distinctive scent secreted by the
glands of certain aromatic plants.
*Terpenes are the main constituents.
Essential oils are extracted from
plants by steam distillation, extrac-
tion with cold neutral fats or solvents
(e.g. alcohol), or pressing and used in
perfumes, flavourings, and medicine.
Examples are citrus oils, flower oils
(e.g. rose, jasmine), and oil of cloves.

esterification A reaction of an al-
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cohol with an acid to produce an
ester and water; e.g.

CH;0H + C¢HsCOOH =

CH;00CCgH;s + H,0

The reaction is an equilibrium and is
slow under normal conditions, but
can be speeded up by addition of a
strong acid catalyst. The ester can
often be distilled off so that the reac-
tion can proceed to completion. The
reverse reaction is ester hydrolysis or
*saponification. See also LABELLING.

esters Organic compounds formed
by reaction between alcohols and
acids (see illustration). Esters formed
from carboxylic acids have the gen-
eral formula RCOOR’. Examples are
ethyl ethanoate, CH;COOC,Hs, and
methyl propanoate, C,HsCOOCH,. Es-
ters containing simple hydrocarbon
groups are volatile fragrant sub-
stances used as flavourings in the
food industry. Triesters, molecules
containing three ester groups, occur
in nature as oils and fats. See also DEP-
SIDES; GLYCERIDES.

[ @) see wes ks ]
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ethanal (acetaldehyde) A colourless
highly flammable liquid aldehyde,
CH,CHO; r.d. 0.78; m.p. -121°C; b.p.
20.8°C. It is made from ethene by the
*Wacker process and used as a start-
ing material for making many or-
ganic compounds. The compound
polymerizes if dilute acid is added to
give ethanal trimer (or paraldehyde),
which contains a six-membered ring
of alternating carbon and oxygen
atoms with a hydrogen atom and a

(0]
NS
Fo-m---- > C—C,Hg
CH;—O0—+H H—O0"
[ S —
methanol propanoic acid

Esters

cH,— 0”7

methyl propanoate

methyl group attached to each car-
bon atom. It is used as a drug for in-
ducing sleep. Addition of dilute acid
below 0°C gives ethanal tetramer (or
metaldehyde), which has a similar
structure to the trimer but with an
eight-membered ring. It is used as a
solid fuel in portable stoves and in
slug pellets.

ethanamide (acetamide) A colour-
less solid crystallizing in the form of
long white crystals with a character-
istic smell of mice, CH;CONH,; r.d.
1.159; m.p. 82.3°C; b.p. 221.25°C. It is
made by the dehydration of ammo-
nium ethanoate or by the action of
ammonia on ethanoyl chloride,
ethanoic anhydride, or ethyl
ethanoate.

ethane A colourless flammable
gaseous hydrocarbon, C,Hg; m.p.
-183°C; b.p. -89°C. It is the second
member of the *alkane series of hy-
drocarbons and occurs in natural gas.

ethanedial See GLYoxAL.
ethanedioic acid See 0xXALIC ACID.

ethane-1,2-diol (ethylene glycol;
glycol) A colourless viscous hygro-
scopic liquid, CH,OHCH,OH; m.p.
-11.5°C; b.p. 198°C. It is made by hy-
drolysis of epoxyethane (from
ethene) and used as an antifreeze
and a raw material for making *poly-
esters (e.g. Terylene).

ethanenitrile (acetonitrile, methyl
cyanide) A poisonous liquid, CH;CN;
b.p. 82°C. It is made by dehydrating
ethanamide or from ammonia and
ethyne. It is a good polar solvent and

o
N
Nc—CcH, + HO

water
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ethanoyl chloride

is employed for dissolving ionic com-
pounds when water cannot be used.

ethanoate (acetate) A salt or ester
of ethanoic acid (acetic acid).

ethanoic acid (acetic acid) A clear
viscous liquid or glassy solid *car-
boxylic acid, CH;COOH, with a char-
acteristically sharp odour of vinegar;
r.d. 1.049; m.p. 16.6°C; b.p. 117.9°C.
The pure compound is called glacial
ethanoic acid. It is manufactured by
the oxidation of ethanol or by the ox-
idation of butane in the presence of
dissolved manganese(II) or cobalt(II)
ethanoates at 200°C, and is used in
making ethanoic anhydride for pro-
ducing cellulose ethanoates. It is also
used in making ethenyl ethanoate
(for polyvinylacetate). The compound
is formed by the fermentation of al-
cohol and is present in vinegar,
which is made by fermenting beer or
wine. ‘Vinegar’ made from ethanoic
acid with added colouring matter is
called ‘nonbrewed condiment’. In liv-
ing organisms it combines with *co-
enzyme A to form acetyl coenzyme
A, which plays a crucial role in en-
ergy metabolism.

ethanoic anhydride (acetic anhy-
dride) A pungent-smelling colourless
liquid, (CH;CO),0, b.p. 139.5°C. It is
used in organic synthesis as an
*ethanoylating agent (attacking an
-OH or -NH group) and in the manu-
facture of aspirin and cellulose plas-
tics. It hydrolyses in water to give
ethanoic acid.

ethanol (ethyl alcohol) A colourless
water-soluble *alcohol, C,Hs;OH; r.d.
0.789 (0°C); m.p. -117.3°C; b.p.
-78.3°C. It is the active principle in
intoxicating drinks, in which it is
produced by fermentation of sugar
using yeast

CeH,,06 — 2C,H;0H + 2CO,
The ethanol produced Kkills the yeast
and fermentation alone cannot pro-

duce ethanol solutions containing
more than 15% ethanol by volume.
Distillation can produce a constant-
boiling mixture containing 95.6%
ethanol and 4.4% water. Pure ethanol
(absolute alcohol) is made by remov-
ing this water by means of drying
agents.

The main industrial use of ethanol
is as a solvent although at one time it
was a major starting point for mak-
ing other chemicals. For this it was
produced by fermentation of mo-
lasses. Now ethene has replaced
ethanol as a raw material and indus-
trial ethanol is made by hydrolysis of
ethene.

ethanolamine Any of three low-
melting hygroscopic colourless
solids. They are strong bases, smell of
ammonia, and absorb water readily
to form viscous liquids. Mono-
ethanolamine, HOCH,CH,NH,, is a
primary *amine, m.p. 10.5°C; di-
ethanolamine, (HOCH,CH,),NH, is a
secondary amine, m.p. 28°C; and tri-
ethanolamine, (HOCH,CH,);N, is a
tertiary amine, m.p. 21°C. All are
made by heating ethylene oxide with
concentrated aqueous ammonia
under pressure and separating the
products by fractional distillation.
With fatty acids they form neutral
soaps, used as emulsifying agents
and detergents, and in bactericides
and cosmetics.

ethanoylating agent (acetylating
agent) A chemical reagent used to
introduce an ethanoyl group
(-COCHs;) instead of hydrogen in an
organic compound. Examples include
*ethanoic anhydride and ethanoyl
chloride (acetyl chloride, CH;COCI).

ethanoyl chloride (acetyl chloride)
A colourless liquid acyl chloride (see
ACYL HALIDES), CH;COCl, with a pun-
gent smell; r.d. 1.105; m.p. -112.15°C;
b.p. 50.9°C. It is made by reacting
ethanoic acid with a halogenating
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agent such as phosphorus(III) chlo-
ride, phosphorus(V) chloride, or sul-
phur dichloride oxide and is used to
introduce ethanoyl groups into or-
ganic compounds containing -OH,
-NH,, and -SH groups. See ACYLATION.

ethanoyl group (acetyl group) The
organic group CH;CO-.

ethene (ethylene) A colourless
flammable gaseous hydrocarbon,
C,Hy; m.p. -169°C; b.p. -103.7°C. It is
the first member of the *alkene se-
ries of hydrocarbons. It is made by
cracking hydrocarbons from petro-
leum and is now a major raw ma-
terial for making other organic
chemicals (e.g. ethanal, ethanol,
ethane-1,2-diol). It can be polymer-
ized to *polyethene. It occurs natu-
rally in plants, in which it acts as a
growth substance promoting the
ripening of fruits.

ethenone See KETENE.

ethenyl ethanoate (vinyl acetate)
An unsaturated organic ester, CH,:
CHOOCCHjg; r.d. 0.9; m.p. -100°C;
b.p. 73°C. It is made by catalytic reac-
tion of ethanoic acid and ethene and
used to make polyvinylacetate.

ether See ETHOXYETHANE; ETHERS.

ethers Organic compounds contain-
ing the group -O- in their molecules.
Examples are dimethyl ether,
CH;0CHj3, and diethyl ether,
C,Hs0C,H;5 (see ETHOXYETHANE). They
are volatile highly flammable com-
pounds made by dehydrating alco-
hols using sulphuric acid.
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ethoxyethane (diethyl ether;
ether) A colourless flammable
volatile ether, C,H;OC,Hs; r.d. 0.71;
m.p. -116°C; b.p. 34.5°C. It can be
made by *Williamson’s synthesis. It

is an anaesthetic and useful organic
solvent. See ETHERS.

ethyl 3-oxobutanoate (ethyl
acetoacetonate) A colourless liquid
ester with a pleasant odour,
CH;COCH,COOC,Hs; r.d. 1.03; m.p.
<-80°C; b.p. 180.4°C. It can be pre-
pared by reacting ethyl ethanoate
(CH3COOC,Hs) with sodium or
sodium ethoxide. The compound
shows keto-enol *tautomerism and
contains about 7% of the enol form,
CH;C(OH):CHCOOC,Hs, under nor-
mal conditions. Sometimes known as
acetoacetic ester, it is used in organic
synthesis.

ethyl acetate Sce ETHYL ETHANOATE.

ethyl acetoacetonate See ETHYL 3-
OXOBUTANOATE.

ethyl alcohol See ETHANOL.

ethylamine A colourless flamma-
ble volatile liquid, C,HsNH,; r.d. 0.69;
m.p. -81°C; b.p. 16.6°C. It is a pri-
mary amine made by reacting
chloroethane with ammonia and
used in making dyes.

ethylbenzene A colourless flam-
mable liquid, C¢HsC,Hs; r.d. 0.867;
m.p. -95°C; b.p. 136°C. It is made
from ethene and ethybenzene by a
*Friedel-Crafts reaction and is used
in making phenylethene (for poly-
styrene).

ethyl bromide See BROMOETHANE.
ethylene See ETHENE.

ethylenediamine See 1,2-DIAMINO-
ETHANE.

ethylene glycol See ETHANE-
1,2-DIOL.

ethylene oxide See EPOXYETHANE.

ethyl ethanoate (ethyl acetate) A
colourless flammable liquid ester,
C,Hs00CCHj3; r.d. 0.9; m.p. -83.6°C;
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b.p. 77.06°C. It is used as a solvent
and in flavourings and perfumery.

ethyl group The organic group
CH,CH,-.

ethyl iodide See IODOETHANE.

ethyne (acetylene) A colourless un-
stable gas, C,H,, with a characteristic
sweet odour; r.d. 0.618; m.p. -80.8°C;
b.p. -84.0°C. It is the simplest mem-
ber of the *alkyne series of unsatu-
rated hydrocarbons, and is prepared
by the action of water on calcium di-
carbide or by adding alcoholic potas-
sium hydroxide to 1,2-dibromoethane.
It can be manufactured by heating
methane to 1500°C in the presence
of a catalyst. It is used in oxyacety-
lene welding and in the manufacture
of ethanal and ethanoic acid. Ethyne
can be polymerized easily at high
temperatures to give a range of prod-
ucts. The inorganic saltlike dicar-
bides contain the ion C,?-, although
ethyne itself is a neutral compound
(i.e. not a protonic acid).

eudiometer An apparatus for
measuring changes in volume of
gases during chemical reactions. A
simple example is a graduated glass
tube sealed at one end and inverted
in mercury. Wires passing into the
tube allow the gas mixture to be
sparked to initiate the reaction be-
tween gases in the tube.

europium Symbol Eu. A soft silvery
metallic element belonging to the
*lanthanoids; a.n. 63; r.a.m. 151.96;
r.d. 5.245 (20°C); m.p. 822°C; b.p.
1597°C. It occurs in small quantities
in bastanite and monazite. Two sta-
ble isotopes occur naturally: eu-
ropium-151 and europium-153, both
of which are neutron absorbers. Ex-
perimental europium alloys have
been tried for nuclear-reactor parts
but until recently the metal has not
been available in sufficient quanti-
ties. It is widely used in the form of

the oxide in phosphors for television
screens. It was discovered by Sir
William Crookes in 1889.
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eutectic mixture A solid solution
consisting of two or more substances
and having the lowest freezing point
of any possible mixture of these com-
ponents. The minimum freezing
point for a set of components is
called the eutectic point. Low-
melting-point alloys are usually
eutectic mixtures.

Evans balance See Gouy BALANCE.

evaporation The change of state
of a liquid into a vapour at a temper-
ature below the boiling point of the
liquid. Evaporation occurs at the sur-
face of a liquid, some of those mol-
ecules with the highest kinetic
energies escaping into the gas phase.
The result is a fall in the average ki-
netic energy of the molecules of the
liquid and consequently a fall in its
temperature.

exa- Symbol E. A prefix used in the
metric system to denote 108 times.
For example, 10'® metres = 1 exame-
tre (Em).

EXAFS (extended X-ray absorption
fine structure) Oscillations of the X-
ray absorption coefficient beyond an
absorption edge. The physical cause
of EXAFS is the modification of the
final state of a photoelectron *wave
function caused by back-scattering
from atoms surrounding the excited
atom. EXAFS is used to determine
structure in chemical, solid state, or
biological systems; it is especially
useful in those systems in which it is
not possible to use diffraction tech-
niques. EXAFS experiments are usu-
ally performed using synchrotron
radiation. It is possible to interpret
EXAFS experiments using single-
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scattering theory for short-range
order.

excimer See EXCIPLEX.

exciplex A combination of two dif-
ferent atoms that exists only in an
excited state. When an exciplex
emits a photon of electromagnetic ra-
diation, it immediately dissociates
into the atoms, rather than reverting
to the ground state. A similar tran-
sient excited association of two
atoms of the same kind is an
excimer. An example of an exciplex
is the species XeCl* (the asterisk indi-
cates an excited state), which can be
formed by an electric discharge in
xenon and chlorine. This is used in
the exciplex laser, in which a popula-
tion inversion is produced by an elec-
trical discharge.

excitation A process in which a nu-
cleus, electron, atom, ion, or mol-
ecule acquires energy that raises it to
a quantum state (excited state)
higher than that of its *ground state.
The difference between the energy in
the ground state and that in the ex-
cited state is called the excitation en-
ergy. See ENERGY LEVEL.

exclusion principle See PAULI EX-
CLUSION PRINCIPLE.

exo- See ENDO-.

exothermic Denoting a chemical
reaction that releases heat into its
surroundings. Compare ENDOTHERMIC.

exotic atom A species in which
some other charged particle replaces
the electron or nucleon. An example
is an atom in which an electron has
been replaced by another negatively
charged particle, such as a muon or
meson. In this case the negative par-
ticle eventually collides with the nu-
cleus with the emission of X-ray
photons. Another system is one in
which the nucleus of an atom has
been replaced by a positively charged

meson. An association of an electron
and a positron is also regarded as an
exotic atom (known as positronium).
This has a mean life of about 1075,
decaying to give three photons.

expanded plastic (cellular plastic)
A plastic in the form of a rigid solid

foam. Polystyrene, used as a packing
material, is a common example.

explosive A compound or mixture
that, when ignited or detonated, un-
dergoes a rapid violent chemical re-
action that produces large amounts
of gas and heat, accompanied by
light, sound and a high-pressure
shock wave. Low explosives burn
comparatively slowly when ignited,
and are employed as propellants in
firearms and guns; they are also used
in blasting. Examples include *gun-
powder and various smokeless pro-
pellants, such as *cordite. High
explosives decompose very rapidly
to produce an uncontrollable blast.
Examples of this type include *dyna-
mite, *nitroglycerine, and *trinitro-
toluene (TNT); they are exploded
using a detonator. Other high-power
explosives include pentaerythritol
tetranitrate (PETN) and ammonium
nitride/fuel oil mixture (ANFO). Cy-
clonite (RDX) is a military high explo-
sive; mixed with oils and waxes, it
forms a plastic explosive (such as
Semtex). See also Chronology.

extended X-ray absorption fine
structure See EXAFS.

extender An inert substance added
to a product (paint, rubber, washing
powder, etc.) to dilute it (for econ-
omy) or to modify its physical prop-
erties.

extensive variable A quantity in
a *macroscopic system that is pro-
portional to the size of the system.
Examples of extensive variables in-
clude the volume, mass, and total en-
ergy. If an extensive variable is
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divided by an arbitrary extensive external conversion A process in

variable, such as the volume, an *in-  which molecules in electronically ex-

tensive variable results. A macro- cited states pass to a lower electronic

scopic system can be described by state (which is frequently the ground

one extensive variable and a set of in-  state) by colliding with other mol-

tensive variables. ecules. In this process the electronic
EXPLOSIVES

900-1000 Gunpowder developed in China.

1242 English monk Roger Bacon (1220-92) describes the preparation of
gunpowder.

c.1250 German alchemist Berthold Schwarz claims to have reinvented
gunpowder.

1771 French chemist Pierre Woulfe discovers picric acid (originally used as a
yellow dye).

1807 Scottish cleric Alexander Forsyth (1767-1843) discovers mercury
fulminate.

1833 French chemist Henri Braconnot (1781-1855) nitrates starch, making a
highly flammable compound (crude nitrocellulose).

1838 French chemist Théophile Pelouze (1807-67) nitrates paper, making
crude nitrocellulose.

1845 German chemist Christian Schénbein (1799-1868) nitrates cotton,
making nitrocellulose.

1846 [talian chemist Ascania Sobrero (1812-88) discovers nitroglycerine.

1863 Swedish chemist J. Wilbrand discovers trinitrotoluene (TNT).

Swedish chemist Alfred Nobel (1833-96) invents a detonating cap
based on mercury fulminate.

1867 Alfred Nobel invents dynamite by mixing nitroglycerine and kieselguhr.

1871 German chemist Hermann Sprengel shows that picric acid can be used
as an explosive.

1875 Alfred Nobel invents blasting gelatin (nitroglycerine mixed with
nitrocellulose).

1885 French chemist Eugéne Turpin discovers ammonium picrate (Mélinite).

1888 Alfred Nobel invents a propellant from nitroglycerine and nitrocellulose
(Ballistite).

1889 British scientists Frederick Abel (1826-1902) and James Dewar invent a
propellant (Cordite) similar to Ballistite.

1891 German chemist Bernhard Tollens (1841-1918) discovers pentaerythritol
tetranitrate (PETN).

1899 Henning discovers cyclotrimethylenetrinitramine (RDX or cyclonite).

1905 US army officer B. W. Dunn (1860-1936) invents ammonium picrate
explosive (Dunnite).

1915 British scientists invent amatol (TNT + ammonium nitrate).

1955 US scientists develop ammonium nitrate—fuel oil mixtures (ANFO) as

industrial explosives.
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energy is eventually converted into
heat. Since this process involves colli-
sions, the rate at which it occurs de-
pends on how frequently collisons
occur. As a result, this process occurs
much faster in liquids than in gases.
It is sometimes called collision
quenching.

extraction The separation of a
component from its mixture by selec-
tive solubility. See PARTITION.

extractive distillation A distilla-
tion technique in which a solvent is
added to the mixture in order to sep-
arate two closely boiling compo-
nents. The added solvent is usually
nonvolatile and is selected for its
ability to have different effects on
the volatilities of the components.

extraordinary ray See DOUBLE RE-
FRACTION.

extrinction coefficient Sce AB-
SORPTION COEFFICIENT.

extrusion reaction See INSERTION
REACTION.

Eyring, Henry (1901-81) US
chemist who worked at Princeton
and Utah. His main work was on
chemical kinetics and he is noted for
the *Eyring equation for absolute re-
action rates.

Eyring equation An equation used
extensively to describe chemical re-
actions. For a rate constant x, it is
given by

k = K(kT/h)exp(-AGHkT),
where k is the *Boltzmann constant,
T is the thermodynamic temperature,
h is the *Planck constant, AG* is the
free energy of activation, and Kis a
constant called the transmission
coefficient, which is the probability
that a chemical reaction takes place
once the system has reached the acti-

vated state. A similar equation (with-
out the K) has been used to describe
transport processes, such as diffu-
sion, thermal conductivity, and vis-
cosity in dense gases and liquids. In
these cases it is assumed that the
main kinetic process is the motion of
a molecule to a vacant site near it.
The equation is derived by assuming
that the reactants are in equilibrium
with the excited state. This assump-
tion of equilibrium is not necessarily
correct for small activation energies.
The Eyring equation is named after
Henry *Eyring, who derived it and
applied it widely in the theory of
chemical reactions and transport
processes.

E-Z convention A convention for
the description of a molecule show-
ing cis-trans isomerism (see I1SO-
MERISM). In a molecule ABC=CDE,
where A,B,D, and E are substituent
groups, the sequence rule (see CIP SYS-
TEM) is applied to the pair A and B to
find which has priority and similarly
to the pair C and D. If the two groups
of highest priority are on the same
side of the bond then the isomer is
designated Z (from German
zusammen, together). If they are on
opposite sides the isomer is desig-
nated E (German entgegen, opposite).
The letters are used in the names
of compounds; for example (E)-
butenedioic acid (fumaric acid) and
(Z)-butenedioic acid (maleic acid). In
compounds containing two (or more)
double bonds numbers are used to
designate the bonds (e.g. (2E, 4Z)-2,4-
hexadienoic acid). The system is less
ambiguous than the cis/trans system
of describing isomers.
[ G see wes Lins
¢ Information about the convention from
IUPAC



FAB mass spectroscopy Sec FAST-
ATOM BOMBARDMENT MASS SPEC-
TROSCOPY.

face-centred cubic (f.c.c.) See
CUBIC CRYSTAL.

fac-isomer See ISOMERISM.

FAD (flavin adenine dinucleotide) A
*coenzyme important in various bio-
chemical reactions. It comprises a
phosphorylated vitamin B, (ri-
boflavin) molecule linked to the nu-
cleotide adenine monophosphate
(AMP). FAD is usually tightly bound
to the enzyme forming a flavopro-
tein. It functions as a hydrogen ac-
ceptor in dehydrogenation reactions,
being reduced to FADH,. This in turn
is oxidized to FAD by the *electron
transport chain, thereby generating
ATP (two molecules of ATP per mol-
ecule of FADH,).

Fahrenheit, Gabriel Daniel
(1686-1736) German physicist, who
became an instrument maker in Am-
sterdam. In 1714 he developed the
mercury-in-glass thermometer, and
devised a temperature scale to go
with it (se¢ FAHRENHEIT SCALE).

Fahrenheit scale A temperature
scale in which (by modern definition)
the temperature of boiling water is
taken as 212 degrees and the temper-
ature of melting ice as 32 degrees. It
was invented in 1714 by G. D.
*Fahrenheit, who set the zero at the
lowest temperature he knew how to
obtain in the laboratory (by mixing
ice and common salt) and took his
own body temperature as 96°F. The
scale is no longer in scientific use. To

convert to the *Celsius scale the for-
mula is C =5(F - 32)/9.

Fajan's method See ADSORPTION
INDICATOR.

Fajans’ rules Rules indicating the
extent to which an ionic bond has co-
valent character caused by polariza-
tion of the ions. Covalent character is
more likely if:
(1) the charge of the ions is high;
(2) the positive ion is small or the
negative ion is large;
(3) the positive ion has an outer elec-
tron configuration that is not a noble-
gas configuration.

The rules were introduced by the
Polish-born US chemist Kasimir Fa-
jans (1887-1975).

fall-out 1. (radioactive fall-out)
Radioactive particles deposited from
the atmosphere either from a nu-
clear explosion or from a nuclear ac-
cident. Local fall-out, within 250 km
of an explosion, falls within a few
hours of the explosion. Tropospheric
fall-out consists of fine particles de-
posited all round the earth in the ap-
proximate latitude of the explosion
within about one week. Stratospheric
fall-out may fall anywhere on earth
over a period of years. The most dan-
gerous radioactive isotopes in fall-out
are the fission fragments iodine-131
and strontium-90. Both can be taken
up by grazing animals and passed on
to human populations in milk, milk
products, and meat. lodine-131 accu-
mulates in the thyroid gland and
strontium-90 accumulates in bones.
2. (chemical fall-out) Hazardous
chemicals discharged into and subse-
quently released from the atmos-
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phere, especially by factory chim-
neys.

farad Symbol F. The SI unit of ca-
pacitance, being the capacitance of a
capacitor that, if charged with one
coulomb, has a potential difference
of one volt between its plates. 1 F=1
C V-1 The farad itself is too large for
most applications; the practical unit
is the microfarad (10-° F). The unit is
named after Michael *Faraday.

Faraday, Michael (1791-1867)
British chemist and physicist, who re-
ceived little formal education. He
started to experiment on electricity
and in 1812 attended lectures by Sir
Humphry *Davy at the Royal Institu-
tion; a year later he became Davy’s
assistant. He remained at the Institu-
tion until 1861. Faraday’s chemical
discoveries include the liquefaction
of chlorine (1823) and benzene (1825)
as well as the laws of electrolysis (see
FARADAY’S LAWS). He is also remem-
bered for his work in physics: in
1821 he demonstrated electromag-
netic rotation (the principle of the
electric motor) and in 1832 discov-
ered electromagnetic induction (the
principle of the dynamo).

Faraday constant Symbol F. The
electric charge carried by one mole
of electrons or singly ionized ions,
i.e. the product of the *Avogadro
constant and the charge on an elec-
tron (disregarding sign). It has the
value 9.648 5309(29) x 10* coulombs
per mole. This number of coulombs
is sometimes treated as a unit of elec-
tric charge called the faraday.

Faraday’s laws Two laws describ-
ing electrolysis:

(1) The amount of chemical change
during electrolysis is proportional to
the charge passed.

(2) The charge required to deposit or
liberate a mass m is given by Q =
Fmz[M, where F is the Faraday con-

stant, z the charge of the ion, and M
the relative ionic mass.

These are the modern forms of the
laws. Originally, they were stated by
Michael *Faraday in a different form:
(1) The amount of chemical change
produced is proportional to the quan-
tity of electricity passed.

(2) The amount of chemical change
produced in different substances by a
fixed quantity of electricity is propor-
tional to the electrochemical equiva-
lent of the substance.

fast-atom bombardment mass
spectroscopy (FAB mass spec-
troscopy) A technique in *mass spec-
troscopy in which ions are produced
by bombardment with high-energy
neutral atoms or molecules. It is used
for samples that are nonvolatile or
are thermally unstable.

fat A mixture of lipids, chiefly
*triglycerides, that is solid at normal
body temperatures. Fats occur widely
in plants and animals as a means of
storing food energy, having twice the
calorific value of carbohydrates. In
mammals, fat is deposited in a layer
beneath the skin (subcutaneous fat)
and deep within the body as a spe-
cialized adipose tissue.

Fats derived from plants and fish
generally have a greater proportion
of unsaturated *fatty acids than
those from mammals. Their melting
points thus tend to be lower, causing
a softer consistency at room tempera-
tures. Highly unsaturated fats are lig-
uid at room temperatures and are
therefore more properly called *oils.

fatty acid An organic compound
consisting of a hydrocarbon chain
and a terminal carboxyl group (see
CARBOXYLIC ACIDS). Chain length
ranges from one hydrogen atom
(methanoic, or formic, acid, HCOOH)
to nearly 30 carbon atoms. Ethanoic
(acetic), propanoic (propionic), and
butanoic (butyric) acids are impor-
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tant in metabolism. Long-chain fatty
acids (more than 8-10 carbon atoms)
most commonly occur as con-
stituents of certain lipids, notably
glycerides, phospholipids, sterols,
and waxes, in which they are
esterified with alcohols. These long-
chain fatty acids generally have an
even number of carbon atoms; un-
branched chains predominate over
branched chains. They may be satu-
rated (e.g. *palmitic (hexadecanoic)
acid and *stearic (octadecanoic) acid)
or unsaturated, with one double
bond (e.g. *oleic (cis-octodec-9-enoic)
acid) or two or more double bonds,
in which case they are called polyun-
saturated fatty acids (e.g. *linoleic
acid and *linolenic acid). See also Es-
SENTIAL FATTY ACIDS.

The physical properties of fatty
acids are determined by chain
length, degree of unsaturation, and
chain branching. Short-chain acids
are pungent liquids, soluble in water.
As chain length increases, melting
points are raised and water-solubility
decreases. Unsaturation and chain
branching tend to lower melting
points.

fatty-acid oxidation (B-oxidation)
The metabolic pathway in which fats
are metabolized to release energy.
Fatty-acid oxidation occurs continu-
ally but does not become a major
source of energy until the animal’s
carbohydrate resources are ex-
hausted, for example during starva-
tion. Fatty-acid oxidation occurs
chiefly in the mitochondria. A series
of reactions cleave off two carbon
atoms at a time from the hydrocar-
bon chain of the fatty acid. These
two-carbon fragments are combined
with *coenzyme A to form acetyl
coenzyme A (acetyl CoA), which then
enters the *Krebs cycle. The forma-
tion of acetyl CoA occurs repeatedly

until all the hydrocarbon chain has
been used up.

f-block elements The block of el-
ements in the *periodic table consist-
ing of the lanthanoid series (from
cerium to lutetium) and the actinoid
series (from thorium to lawrencium).
They are characterized by having two
s-electrons in their outer shell (n) and
f-electrons in their inner (n-1) shell.

f.c.c. Face-centred cubic. See CUBIC
CRYSTAL.

F-centre See COLOUR CENTRE.

Fehling’s test A chemical test to
detect reducing sugars and aldehydes
in solution, devised by the German
chemist H. C. von Fehling (1812-85).
Fehling’s solution consists of Fehlings
A (copper(Il) sulphate solution) and
Fehling’s B (alkaline 2,3-dihydroxybu-
tanedioate (sodium tartrate) solu-
tion), equal amounts of which are
added to the test solution. After boil-
ing, a positive result is indicated by
the formation of a brick-red precipi-
tate of copper(I) oxide. Methanal,
being a strong reducing agent, also
produces copper metal; ketones do
not react. The test is now little used,
having been replaced by *Benedict’s
test.

feldspars A group of silicate miner-
als, the most abundant minerals in
the earth’s crust. They have a struc-
ture in which (Si,Al)O, tetrahedra are
linked together with potassium,
sodium, and calcium and very occa-
sionally barium ions occupying the
large spaces in the framework. The
chemical composition of feldspars
may be expressed as combinations of
the four components: anorthite (An),
CaAl,Si,0Og; albite (Ab), NaAlSi;Og; or-
thoclase (Or), KAISi;Oyg; celsian (Ce),
BaAl,Si,Oq. The feldspars are subdi-
vided into two groups: the alkali
feldspars (including microcline, or-
thoclase, and sanidine), in which
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potassium is dominant with a
smaller proportion of sodium and
negligible calcium; and the plagio-
clase feldspars, which vary in compo-
sition in a series that ranges from
pure sodium feldspar (albite) through
to pure calcium feldspar (anorthite)
with negligible potassium. Feldspars
form colourless, white, or pink crys-
tals with a hardness of 6 on the
Mohs’ scale.

feldspathoids A group of alkali
aluminosilicate minerals that are
similar in chemical composition to
the *feldspars but are relatively defi-
cient in silica and richer in alkalis.
The structure consists of a frame-
work of (Si,Al)O, tetrahedra with alu-
minium and silicon atoms at their
centres. The feldspathoids occur
chiefly with feldspars but do not co-
exist with free quartz (SiO,) as they
react with silica to yield feldspars.
The chief varieties of feldspathoids
are: nepheline, KNa;(AlSiO,),; leucite,
KAISi,Og; analcime, NaAlSi,04.H,0;
cancrinite, Nag(AlSiO,4)g(HCOs),; and
the sodalite subgroup comprising:
sodalite, 3(NaAlSiO,).NaCl; nosean,
3(NaAlSiO,).Na,SO,; hatiiyne,
3(NaAlSiO,).CaSO,; lazurite
(Na,Ca)g(Al,S1)130,4(S,S0,) (see

LAPIS LAZULI).

FEM See FIELD-EMISSION
MICROSCOPE.

femto- Symbol f. A prefix used in
the metric system to denote 1015,
For example, 107> second = 1 femto-
second (f5).

femtochemistry The investigation
of chemical processes that occur on
the timescale of a femtosecond (107>
s). Femtochemistry has become possi-
ble as a result of the development of
*lasers capable of being pulsed in
femtoseconds. This has enabled ob-
servations to be made on very short-
lived species, such as activated

complexes, which only exist for
about a picosecond (1072 s). In a fem-
tochemical experiment a femtosec-
ond pulse causes dissociation of a
molecule. A series of femtosecond
pulses is then released, the frequency
of the pulses being that of an absorp-
tion of one of the products of the dis-
sociation. The absorption can be used
as a measure of the abundance of the
product of the dissociation. This type
of study enables the course of the
mechanism of a chemical reaction to
be studied in detail.

Fenton’s reagent A mixture of hy-
drogen peroxide and iron(II) sulphate
used to produce free radicals by reac-
tions of the type

Fe2* + H,0, — Fe?* + -OH + OH-
Fe3* + H,0, — Fe?* + -OOH + H*
It is used in water treatment and as a
reagent in organic synthesis to intro-
duce a OH group into an aromatic
drug.

fermentation A form of anaerobic
respiration occurring in certain mi-
croorganisms, e.g. yeasts. Alcoholic
fermentation comprises a series of
biochemical reactions by which pyru-
vate (the end product of *glycolysis)
is converted to ethanol and carbon
dioxide. Fermentation is the basis of
the baking, wine, and beer indus-
tries.

fermi A unit of length formerly
used in nuclear physics. It is equal to
107'> metre. In SI units this is equal
to 1 femtometre (fm). It was named
after Enrico *Fermi.

Fermi-Dirac statistics See QuaN-
TUM STATISTICS.

Fermi level The energy in a solid
at which the average number of par-
ticles per quantum state is '5; i.e. one
half of the quantum states are occu-
pied. The Fermi level in conductors
lies in the conduction band (see EN-
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ERGY BANDS), in insulators it lies in
the valence band, and in semicon-
ductors it falls in the gap between
the conduction band and the valence
band. At absolute zero all the elec-
trons would occupy energy levels up
to the Fermi level and no higher lev-
els would be occupied. It is named
after the Italian-born US physicist En-
rico Fermi (1901-54).

fermion An *elementary particle
(or bound state of an elementary par-
ticle, e.g. an atomic nucleus or an
atom) with halfintegral spin; i.e.

a particle that conforms to Fermi-
Dirac statistics (se¢ QUANTUM STATIS-
TICS). Compare BOSON.

fermium Symbol Fm. A radioactive
metallic transuranic element belong-
ing to the *actinoids; a.n. 100; mass
number of the most stable isotope
257 (half-life 10 days). Ten isotopes
are known. The element was first
identified by A. Ghiorso and associ-
ates in debris from the first hydro-
gen-bomb explosion in 1952. It is
named after Enrico Fermi.

@) see wes s J
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ferrate An iron-containing anion,
FeO,2". It exists only in strong alka-
line solutions, in which it forms pur-
ple solutions.

ferric alum One of the *alums,
K,S0,4.Fe,(S0O,4);.24H,0, in which the
aluminium ion AI** is replaced by
the iron(IIl) (ferric) ion Fe®*,

ferric chloride test A *presump-
tive test for morphine. The reagent is
a 10% solution of ferric chloride
(iron(IIl) chloride, Fe Cl;) in water.
With morphine a blue-green col-
oration occurs, changing to green.

ferric compounds Compounds of
iron in its +3 oxidation state; e.g. fer-
ric chloride is iron(III) chloride, FeCls.

ferricyanide A compound contain-
ing the complex ion [Fe(CN)g]*-, i.e.
the hexacyanoferrate(III) ion.

ferrimagnetism See MAGNETISM.

ferrite 1. A member of a class of
mixed oxides MO.Fe,O5, where M is a
metal such as cobalt, manganese,
nickel, or zinc. The ferrites are ce-
ramic materials that show either fer-
rimagnetism or ferromagnetism, but
are not electrical conductors. For
this reason they are used in high-
frequency circuits as magnetic cores.
2. See STEEL.

ferroalloys Alloys of iron with
other elements made by smelting
mixtures of iron ore and the metal
ore; e.g. ferrochromium, ferrovana-
dium, ferromanganese, ferrosilicon,
etc. They are used in making alloy
*steels.

ferrocene An orange-red crys-
talline solid, Fe(CsHs),; m.p. 173°C. It
can be made by adding the ionic
compound Na*CsHs™ (cyclopentadi-
enyl sodium, made from sodium and
cyclopentadiene) to iron(IIl) chloride.
In ferrocene, the two rings are paral-
lel, with the iron ion sandwiched be-
tween them (hence the name
sandwich compound: see formula).
The bonding is between pi orbitals
on the rings and d-orbitals on the
Fe?* ion. The compound can undergo
electrophilic substitution on the CsHs
rings (they have some aromatic char-
acter). It can also be oxidized to the
blue ion (CsHs),Fe*. Ferrocene is the

(D

Ferrocene
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first of a class of similar complexes
called *sandwich compounds. Its sys-
tematic name is di-n-cyclopentadi-
enyl iron(ll).

ferrocyanide A compound con-
taining the complex ion [Fe(CN)¢|*,
i.e. the hexacyanoferrate(Il) ion.

ferroelectric materials Ceramic
dielectrics, such as Rochelle salt and
barium titanate, that have a domain
structure making them analogous to
ferromagnetic materials. They ex-
hibit hysteresis and usually the
piezoelectric effect.

ferromagnetism See MAGNETISM.

ferrosoferric oxide See TRIIRON
TETROXIDE.

ferrous compounds Compounds
of iron in its +2 oxidation state; e.g.
ferrous chloride is iron(Il) chloride,

FeCl,,.

fertilizer Any substance that is
added to soil in order to increase its
productivity. Fertilizers can be of nat-
ural origin, such as composts, or they
can be made up of synthetic chemi-
cals, particularly nitrates and phos-
phates. Synthetic fertilizers can
increase crop yields dramatically, but
when leached from the soil by rain,
which runs into lakes, they also in-

metal

crease the process of eutrophication.
Bacteria that can fix nitrogen are
sometimes added to the soil to in-
crease its fertility; for example, in
tropical countries the cyanobac-
terium Anabaena is added to rice pad-
dies to increase soil fertility.

fibrous protein See PROTEIN.

Fick’s law A law describing the dif-
fusion that occurs when solutions of
different concentrations come into
contact, with molecules moving from
regions of higher concentration to re-
gions of lower concentration. Fick’s
law states that the rate of diffusion
dn/dt, called the diffusive flux and de-
noted J, across an area A is given by:
dn/dt = J = -DAdc/ox, where D is a con-
stant called the diffusion constant,
dc/ox is the concentration gradient of
the solute, and dn/dt is the amount of
solute crossing the area A per unit
time. D is constant for a specific
solute and solvent at a specific tem-
perature. Fick’s law was formulated
by the German physiologist Adolf
Eugen Fick (1829-1901) in 1855.

field effect See ELECTRONIC
EFFECTS.

field-emission microscope (FEM)
A type of electron microscope in

liquid
tip helium
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which a high negative voltage is ap-
plied to a metal tip placed in an evac-
uated vessel some distance from a
glass screen with a fluorescent coat-
ing. The tip produces electrons by
field emission, i.e. the emission of
electrons from an unheated sharp
metal part as a result of a high elec-
tric field. The emitted electrons form
an enlarged pattern on the fluores-
cent screen, related to the individual
exposed planes of atoms. As the reso-
lution of the instrument is limited by
the vibrations of the metal atoms, it
is helpful to cool the tip in liquid he-
lium. Although the individual atoms
forming the point are not displayed,
individual adsorbed atoms of other
substances can be, and their activity
is observable.

field-ionization microscope
(field-ion microscope; FIM) A type of
electron microscope that is similar in
principle to the *field-emission
microscope, except that a high posi-
tive voltage is applied to the metal
tip, which is surrounded by low-
pressure gas (usually helium) rather
than a vacuum. The image is formed
in this case by field ionization: ion-
ization at the surface of an unheated
solid as a result of a strong electric
field creating positive ions by elec-
tron transfer from surrounding
atoms or molecules. The image is
formed by ions striking the fluores-
cent screen. Individual atoms on the
surface of the tip can be resolved
and, in certain cases, adsorbed atoms
may be detected. See also ATOM-PROBE
FIELD-ION MICROSCOPY.

filler A solid inert material added to
a synthetic resin or rubber, either to
change its physical properties or sim-
ply to dilute it for economy.

film badge A lapel badge contain-
ing masked photographic film worn
by personnel who could be exposed
to ionizing radiation. The film is de-

veloped to indicate the extent that
the wearer has been exposed to
harmful radiation.

filter A device for separating solid
particles from a liquid or gas. The
simplest laboratory filter for liquids
is a funnel in which a cone of paper
(filter paper) is placed. Special con-
tainers with a porous base of sintered
glass are also used. See also GOOCH
CRUCIBLE.

filter pump A simple laboratory
vacuum pump in which air is re-
moved from a system by a jet of
water forced through a narrow noz-
zle. The lowest pressure possible is
the vapour pressure of water.

filtrate The clear liquid obtained by
filtration.

filtration The process of separating
solid particles using a filter. In vac-
uum filtration, the liquid is drawn
through the filter by a vacuum
pump. Ultrafiltration is filtration
under pressure.

FIM See FIELD-IONIZATION MICRO-
SCOPE.

fine chemicals Chemicals pro-
duced industrially in relatively small
quantities and with a high purity;
e.g. dyes and drugs.

fineness of gold A measure of the
purity of a gold alloy, defined as the
parts of gold in 1000 parts of the
alloy by mass. Gold with a fineness of
750 contains 75% gold, i.e. 18 *carat
gold.

fine structure Closely spaced spec-
tral lines arising from transitions be-
tween energy levels that are split by
the vibrational or rotational motion
of a molecule or by electron spin.
They are visible only at high resolu-
tion. Hyperfine structure, visible only
at very high resolution, results from
the influence of the atomic nucleus
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on the allowed energy levels of the
atom.

finger domain A finger-shaped
structure produced in a protein when
a series of the constituent amino
acids combines with a metal atom.

firedamp Methane formed in coal
mines.

fire extinguisher A substance that
smothers flames or prevents their
spreading. Many substances can be
used. Liquids include water, sodium
hydrogencarbonate solution, chlori-
nated organic compounds such as
tetrachloromethane and carbon
dioxide-containing foams. Solid
extinguishers, such as sodium or
potassium hydrogencarbonate, pro-
duce carbon dioxide gas when
strongly heated; solid carbon dioxide
(dry ice) may also be used.

first-order reaction See ORDER.

Fischer, Emil Hermann (1852-
1919) German organic chemist who
studied under *Kekulé in Bonn and
later under *Baeyer in Strasbourg.
He moved to Munich in 1875 and
Wiirzburg in 1885. Fischer is noted
for his extensive pioneering work
on natural products and especially
his work on sugar chemistry. In 1899
he began work on synthesizing pep-
tides and proteins. Fischer was
awarded the 1902 Nobel Prize for
chemistry.

Fischer, Hans (1881-1945) German
organic chemist who worked mainly
in Munich. He worked on por-
phyrins, synthesizing haemin in
1927. Fischer worked also on chloro-
phyll, showing that it was a por-
phyrin containing magnesium. In
1944 he synthesized bilirubin. He
was awarded the 1930 Nobel Prize
for chemistry.

Fischer projection A type of *pro-
jection in which a molecule is drawn

with horizontal bonds representing
bonds coming out of the page and
vertical bonds representing bonds in
the plane of the page or behind the
page. It is named after Emil Fischer.
See ABSOLUTE CONFIGURATION.

Fischer-Tropsch process An in-
dustrial method of making hydrocar-
bon fuels from carbon monoxide and
hydrogen. The process was invented
in 1933 and used by Germany in
World War II to produce motor fuel.
Hydrogen and carbon monoxide are
mixed in the ratio 2:1 (water gas was
used with added hydrogen) and
passed at 200°C over a nickel or
cobalt catalyst. The resulting hydro-
carbon mixture can be separated into
a higher-boiling fraction for Diesel
engines and a lower-boiling gasoline
fraction. The gasoline fraction con-
tains a high proportion of straight-
chain hydrocarbons and has to be
reformed for use in motor fuel. Alco-
hols, aldehydes, and ketones are also
present. The process is also used in
the manufacture of SNG from coal. It
is named after the German chemist
Franz Fischer (1852-1932) and the
Czech Hans Tropsch (1839-1935).

fission-track dating A method of
estimating the age of glass and other
mineral objects by observing the
tracks made in them by the fission
fragments of the uranium nuclei that
they contain. By irradiating the ob-
jects with neutrons to induce fission
and comparing the density and num-
ber of the tracks before and after ir-
radiation it is possible to estimate the
time that has elapsed since the ob-
ject solidified.

Fittig reaction See WURTZ REAC-
TION.

fixation See NITROGEN FIXATION.

fixed point A temperature that
can be accurately reproduced to en-



227

flip-flop

able it to be used as the basis of a
*temperature scale.

flagpole See RING CONFORMATIONS.

flame A hot luminous mixture of
gases undergoing combustion. The
chemical reactions in a flame are
mainly free-radical chain reactions
and the light comes from fluores-
cence of excited molecules or ions or
from incandescence of small solid
particles (e.g. carbon).

flame test A simple test for met-
als, in which a small amount of the
sample (usually moistened with hy-
drochloric acid) is placed on the end
of a platinum wire and held in a Bun-
sen flame. Certain metals can be de-
tected by the colour produced:
barium (green), calcium (brick red),
lithium (crimson), potassium (lilac),
sodium (yellow), strontium (red).

flash photolysis A technique for
studying free-radical reactions in
gases. The apparatus used typically
consists of a long glass or quartz tube
holding the gas, with a lamp outside
the tube suitable for producing an in-
tense flash of light. This dissociates
molecules in the sample creating free
radicals, which can be detected spec-
troscopically by a beam of light
passed down the axis of the tube. It is
possible to focus the spectrometer on
an absorption line for a particular
product and measure its change in
intensity with time using an oscillo-
scope. In this way the kinetics of very
fast free-radical gas reactions can be
studied.

flash point The temperature at
which the vapour above a volatile lig-
uid forms a combustible mixture
with air. At the flash point the appli-
cation of a naked flame gives a mo-
mentary flash rather than sustained
combustion, for which the tempera-
ture is too low.

flavin adenine dinucleotide Sce
FAD.

flavones A group of flavanoid com-
pounds found in many plants.

(6]
Flavone structure

flavonoids A group of naturally oc-
curring phenolic compounds many
of which are plant pigments. They in-
clude the anthocyanins, flavonols,
and flavones.

flavoprotein Sec FAD.

Fleming, Sir Alexander
(1881-1955) British bacteriologist,
born in Scotland. He studied medi-
cine at St Mary’s Hospital, London,
where he remained all his life. In
1922 he identified lysozyme, an en-
zyme that destroys bacteria, and in
1928 discovered the antibiotic *peni-
cillin. He shared the 1945 Nobel Prize
for physiology or medicine with *Flo-
rey and *Chain, who first isolated the
drug.

flint (chert) Very hard dense nod-
ules of microcrystalline quartz and
chalcedony found in chalk and lime-
stone.

flip-flop The movement (transverse
diffusion) of a lipid molecule from
one surface of a *lipid bilayer mem-
brane to the other, which occurs at a
very slow rate. This contrasts with
the much faster rate at which lipid
molecules exchange places with
neighbouring molecules on the same
surface of the membrane (lateral dif-
fusion).
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flocculation The process in which
particles in a colloid aggregate into
larger clumps. Often, the term is
used for a reversible aggregation of
particles in which the forces holding
the particles together are weak and
the colloid can be redispersed by agi-
tation. The stability of a lyophobic
colloidal dispersion depends on the
existence of a layer of electric charge
on the surface of the particles.
Around this are attracted electrolyte
ions of opposite charge, which form
a mobile ionic ‘atmosphere’. The re-
sult is an electrical double layer on
the particle, consisting of an inner
shell of fixed charges with an outer
mobile atmosphere. The potential en-
ergy between two particles depends
on a repulsive interaction between
double layers on adjacent particles
and an attractive interaction due to
*van der Waals’ forces between the
particles.

At large separations, the repulsive
forces dominate, and this accounts
for the overall stability of the colloid.
As the particles become closer to-
gether, the potential energy in-
creases to a maximum and then falls
sharply at very close separations,
where the van der Waals’ forces
dominate. This potential-energy min-
imum corresponds to *coagulation
and is irreversible. If the *ionic
strength of the solution is high, the
ionic atmosphere around the parti-
cles is dense and the potential-energy
curve shows a shallow minimum at
larger separation of particles. This
corresponds to flocculation of the
particles. Ions with a high charge are
particularly effective for causing floc-
culation and coagulation.

flocculent Aggregated in woolly
masses; used to describe precipitates.

Florey, Howard Walter, Baron
(1898-1968) Australian pathologist,
who moved to Oxford in 1922. After

working in Cambridge and Sheffield,
he returned to Oxford in 1935. There
he teamed up with Ernst *Chain and
by 1939 they succeeded in isolating
and purifying *penicillin. They also
developed a method of producing the
drug in large quantities and carried
out its first clinical trials. The two
men shared the 1945 Nobel Prize for
physiology or medicine with peni-
cillin’s discoverer, Alexander *Flem-
ing.

Flory temperature (theta tempera-
ture) Symbol 6. The unique tempera-
ture at which the attractions and
repulsions of a polymer in a solution
cancel each other. It is analogous to
the Boyle temperature of a nonideal
gas. A polymer solution at the Flory
temperature is called a theta (8) solu-
tion. At the Flory temperature the
virial coefficient B, asociated with the
excluded volume of the polymer, is
zero, which results in the polymer
chain behaving almost ideally. This
enables the theory of polymer solu-
tions at the Flory temperature to pro-
vide a more accurate description of
events than for polymer solutions at
other temperatures, even if the poly-
mer solution is concentrated. It is not
always possible to attain the Flory
temperature experimentally. The
Flory temperature is named after the
US physicist Paul Flory (1910-85).

flotation See FROTH FLOTATION.

fluctuation-dissipation theorem
A theory relating quantities in equi-
librium and *nonequilibrium statisti-
cal mechanics and microscopic and
macroscopic quantities. The fluctua-
tion-dissipation theorem was first de-
rived for electrical circuits with noise
in 1928 by H. Nyquist; a general theo-
rem in statistical mechanics was de-
rived by H. B. Callen and T. A.
Welton in 1951. The underlying prin-
ciple of the fluctuation-dissipation
theorem is that a nonequilibrium
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state may have been reached either
as a result of a random fluctuation or
an external force (such as an electric
or magnetic field) and that the evolu-
tion towards equilibrium is the same
in both cases (for a sufficiently

small fluctuation). The fluctuation-
dissipation theorem enables *trans-
port coefficients to be calculated in
terms of response to external fields.

fluidization A technique used in
some industrial processes in which
solid particles suspended in a stream
of gas are treated as if they were in
the liquid state. Fluidization is useful
for transporting powders, such as
coal dust. Fluidized beds, in which
solid particles are suspended in an
upward stream, are extensively used
in the chemical industry, particularly
in catalytic reactions where the pow-
dered catalyst has a high surface
area. They are also used in furnaces,
being formed by burning coal in a
hot turbulent bed of sand or ash
through which air is passed. The bed
behaves like a fluid, enabling the
combustion temperature to be re-
duced so that the production of
polluting oxides of nitrogen is dimin-
ished. By adding limestone to the
bed with the fuel, the emission of
sulphur dioxide is reduced.
High-pressure fluidized beds are
also used in power-station furnaces
in a combined cycle in which the
products of combustion from the
fluidized bed are used to drive a gas
turbine, while a steam-tube boiler in
the fluid bed raises steam to drive a
steam turbine. This system both in-
creases the efficiency of the combus-
tion process and reduces pollution.

flunitrazepam A *benzodiazepine
used medically in some countries as
a powerful hypnotic, sedative, and
muscle relaxant. It was marketed in
the US under the tradename Rohyp-
nol. Flunitrazepam has become noto-

rious as a so-called ‘date rape’ drug. It
is quickly eliminated from the body,
difficult to detect, and causes amne-
sia, so that victims cannot remember
events that occur when under the
influence of the drug.

H,C

\ 0

N

H,N

Flunitrazepam

fluorescein A yellowish-red dye
that produces yellow solutions with a
green fluorescence. It is used in trac-
ing water flow and as an *adsorption
indicator.

fluorescence See LUMINESCENCE.

fluoridation The process of adding
very small amounts of fluorine salts
(e.g. sodium fluoride, NaF) to drink-
ing water to prevent tooth decay. The
fluoride becomes incorporated into
the fluoroapatite (see APATITE) of the
growing teeth and reduces the inci-
dence of dental caries.

fluoride See HALIDE.

fluorination A chemical reaction
in which a fluorine atom is intro-
duced into a molecule. See HALOGENA-
TION.

fluorine Symbol F. A poisonous
pale yellow gaseous element belong-
ing to group 17 (formerly VIIB) of the
periodic table (the *halogens); a.n. 9;
r.a.m. 18.9984; d. 1.7 g dm=3; m.p.
-219.62°C; b.p. -188.1°C. The main
mineral sources are *fluorite (CaF,)
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and *cryolite (NazAlF). The element is
obtained by electrolysis of a molten
mixture of potassium fluoride and
hydrogen fluoride. It is used in the
synthesis of organic fluorine com-
pounds. Chemically, it is the most re-
active and electronegative of all
elements. It is a highly dangerous el-
ement, causing severe chemical
burns on contact with the skin. The
element was identified by Scheele in
1771 and first isolated by Moissan in
1886.

[ @) e wes ks ]

¢ Information from the WebElements site

fluorite (fluorspar) A mineral form
of calcium fluoride, CaF,, crystalliz-
ing in the cubic system. It is variable
in colour; the most common fluorites
are green and purple (blue john), but
other forms are white, yellow, or
brown. Fluorite is used chiefly as a
flux material in the smelting of iron
and steel; it is also used as a source of
fluorine and hydrofluoric acid and in
the ceramic and optical-glass indus-
tries.

fluorite structure A type of ionic
crystal structure in which the cations
have an expanded face-centred cubic
arrangement with the anions occupy-
ing both types of tetrahedral hole.
The cations have a coordination
number of 8 and the anions have a
coordination number of 4. Examples
of compounds with this structure are
CaF,, BaCl,, and PbO,.

The antifluorite structure is the op-
posite arrangement, with anions in
the fcc array with coordination num-
ber 8 and cations in the tetrahedral
holes with coordination number 4.
Examples of the antiflurite structure
are K,0, Li,0, Na,0, K,S, and Na,S.

[ §)) see wes Links |

¢ An interactive version of the structure

fluorocarbons Compounds ob-
tained by replacing the hydrogen

atoms of hydrocarbons by fluorine
atoms. Their inertness and high sta-
bility to temperature make them
suitable for a variety of uses as oils,
polymers, etc. See also CHLOROFLUORO-
CARBON; HALON.

5-fluorouracil (5-FU) A fluorine de-
rivative of the pyrimidine uracil. It is
used in chemotherapy where it in-
hibits the cell’s ability to synthesize
DNA. It is often used in a treatment
regime along with cisplatin.

flux 1. A substance applied to the
surfaces of metals to be soldered to
inhibit oxidation. 2. A substance
used in the smelting of metals to as-
sist in the removal of impurities as
slag.

fluxional molecule A molecule
that undergoes alternate very rapid
rearrangements of its atoms and thus
only has a specific structure for a
very short period of time. For exam-
ple, the molecule CIF; has a T-shape
at low temperatures (-60°C); at room
temperature the fluorine atoms
change position very rapidly and ap-
pear to have identical positions.

foam A dispersion of bubbles in a
liquid. Foams can be stabilized by
*surfactants. Solid foams (e.g. ex-
panded polystyrene or foam rubber)
are made by foaming the liquid and
allowing it to set. See also COLLOIDS.

foaming agent (blowing agent) A
substance used to produce a liquid or
solid foam (e.g. an expanded plastic).
Physical agents are compressed
gases; chemical foaming agents are
substances that release gas under cer-
tain conditions (e.g. sodium hydro-
gencarbonate).

Fokker-Planck equation An
equation in *nonequilibrium statisti-
cal mechanics that describes a super-
position of a dynamic friction
(slowing-down) process and a diffu-
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sion process for the evolution of vari-
ables in a system. The Fokker-Planck
equation, which can be used to
analyse such problems as *Brownian
movement, is soluble using statistical
methods and the theory of probabil-
ity. It is named after the Dutch physi-
cist Adriaan Fokker (1887-1968) and
Max *Planck.

folacin See FOLIC ACID.

folic acid (folacin) A vitamin of the
*vitamin B complex. In its active
form, tetrahydrofolic acid, itis a
*coenzyme in various reactions in-
volved in the metabolism of amino
acids, purines, and pyrimidines. It is
synthesized by intestinal bacteria
and is widespread in food, especially
green leafy vegetables. Deficiency
causes poor growth and nutritional
anaemia.

food additive A substance added
to a food during its manufacture or
processing in order to improve its
keeping qualities, texture, appear-
ance, or stability or to enhance its
taste or colour. Additives are usually
present in minute quantities; they in-
clude colouring materials, sweeten-
ers, preservatives, *antioxidants,
emulsifiers, and stabilizers. In most
countries the additives used must be
selected from an approved list of
such compounds, which have been
tested for safety, and they must be
listed on the food labels of individual
products.

fool's gold See PYRITE.

forbidden band See ENERGY
BANDS.

forbidden transitions Transitions
between energy levels in a quantum-
mechanical system that are not al-
lowed to take place because of
*selection rules. In practice, forbid-
den transitions can occur, but they
do so with much lower probability

than allowed transitions. There are
three reasons why forbidden transi-
tions may occur:

(1) the selection rule that is violated
is only an approximate rule. An ex-
ample is provided by those selection
rules that are only exact in the ab-
sence of *spin-orbit coupling. When
spin-orbit coupling is taken into ac-
count, the forbidden transitions be-
come allowed - their strength
increasing with the size of the
spin-orbit coupling;

(2) the selection rule is valid for di-
pole radiation, i.e. in the interaction
between a quantum-mechanical sys-
tem, such as an atom, and an electro-
magnetic field, only the (variable)
electric dipole moment is considered.
Actual transitions may involve mag-
netic dipole radiation or quadrupole
radiation;

(3) the selection rule only applies for
an atom, molecule, etc., in isolation
and does not necessarily apply if ex-
ternal fields, collisions, etc., are taken
into account.

force constant A constant charac-
terizing the strength of the bond in a
diatomic molecule. Near the equilib-
rium position, R, of the potential en-
ergy curve of a diatomic molecule,
the potential energy V is accurately
represented by a parabola of the
form V=%k[2(R - R.)?, where R is the
internuclear distance and k is the
force constant. The greater the force
constant, the stronger is the bond be-
tween the atoms, since the walls of
the potential curve become steeper.
Regarding the molecular vibrations
as simple harmonic motion, the
force constant occurs in the analysis
of the vibrational energy levels.

forced convection See CONVEC-
TION.

formaldehyde See METHANAL.
formalin A colourless solution of
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methanal (formaldehyde) in water
with methanol as a stabilizer; r.d.
1.075-1.085. When kept at tempera-
tures below 25°C a white polymer of
methanal separates out. It is used as
a disinfectant and preservative for
biological specimens.

formate See METHANOATE.
formic acid See METHANOIC ACID.

formula A way of representing a
chemical compound using symbols
for the atoms present. Subscripts are
used for the numbers of atoms. The
molecular formula simply gives the
types and numbers of atoms present.
For example, the molecular formula
of ethanoic acid is C,H,0,. The em-
pirical formula gives the atoms in
their simplest ratio; for ethanoic acid
it is CH,0. The structural formula
gives an indication of the way the
atoms are arranged. Commonly, this
is done by dividing the formula into
groups; ethanoic acid can be written
CH;.CO.OH (or more usually simply
CH;COOH). Structural formulae can
also show the arrangement of atoms
or groups in space.

formula weight The relative mo-
lecular mass of a compound as calcu-
lated from its molecular formula.

formylation A chemical reaction
that introduces a formyl group
(methanoyl, -CHO) into an organic
molecule.

formyl group The group HCO-.

fossil fuel Coal, oil, and natural
gas, the fuels used by man as a
source of energy. They are formed
from the remains of living organisms
and all have a high carbon or hydro-
gen content. Their value as fuels re-
lies on the exothermic oxidation of
carbon to form carbon dioxide (C +
0, — CO,) and the oxidation of hy-
drogen to form water (H, + 20, —
H,0).

four-circle diffractometer An in-
strument used in X-ray crystallogra-
phy to automatically determine the
shape and symmetry of the unit cell
of a crystal. The crystal is placed in
the goniometer head with an arbi-
trary orientation. If the dimensions
of the unit cell have been deter-
mined, they can be used to calculate
the settings of the four angles of the
diffractometer needed to observe a
specific (h k 1) reflection, where (h k 1)
are Miller indices. A computer con-
trols the settings so that each (h k1)
is examined in turn and the diffrac-
tion intensity measured. This infor-
mation enables the electron density
to be calculated, as the intensity of
the reflection for a set of (h k 1)
planes is proportional to the square
of the modulus of a function called
the structure factor F,, of the set,
which is related to the electron den-
sity.

Fourier analysis The representa-
tion of a function f{x), which is peri-
odic in %, as an infinite series of sine
and cosine functions:

fix) = apf2 + 3 (an,cosnx + b,sinnx)
n=1
A series of this type is called a
*Fourier series. If the function is pe-
riodic with a period 2m, the coeffi-
cients ay, a,, b, are:
+7T

ap= Ln f{x)dx,

a, = f: f(x) cosnxdx, (n=1,2,3,...),

b, = Jt: 1/r f{x)sinnxdx, (n=1,2,3,...).
Fourier analysis and Fourier series
are named after the French mathe-
matician and engineer Joseph Fourier
(1768-1830). Fourier series have
many important applications in
mathematics, science, and engineer-
ing, having been invented by Fourier
in the first quarter of the 19th cen-

tury in his analysis of the problem of
heat conduction.

Fourier series An expansion of a
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periodic function as a series of
trigonometric functions. Thus,

f(x) = ay + (a,cosx + bysinx) +

(a,c082x + b,sin2x)+...,

where a,, a4, by, by, etc., are con-
stants, called Fourier coefficients. The
series was first formulated by Joseph
Fourier and is used in *Fourier analy-
sis.

Fourier transform An integral
transform of the type:

Fy) =] flx)evdy.
The inverse is:

fix) = (1/2m) [~ F(y)eivdy.
Fourier transform techniques are
used in obtaining information from
spectra, especially in NHR and in-
frared spectroscopy (see FOURIER-
TRANSFORM INFRARED).

Fourier-transform infrared (FT-IR)
Infrared spectroscopy in which com-
puters are part of the spectroscopic
apparatus and use *Fourier trans-
forms to enable the curve of inten-
sity against wave number to be
plotted with very high sensitivity.
This has allowed spectra to be ob-
tained in the far infrared region; pre-
viously it was difficult to attain
spectra in this region as the resolu-
tion was obscured by the signal-to-
noise ratio being too high to resolve
the vibrational and/or rotational
spectra of small molecules in their
gas phase. FT-IR has been used in re-
search on the atmosphere. Another
application of this technique is the
detection of impurities in samples of
condensed matter.

four-level laser A laser in which
four energy levels are involved. The
disadvantage of a three-level laser is
that it is difficult to attain population
inversion because many molecules
have to be raised from their ground
state to an excited state by pumping.
In a four-level laser, the laser transi-

tion finishes in an initially unoccu-
pied state F, having started in a state
I, which is not the ground state. As
the state F is initially unoccupied,
any population in I constitutes popu-
lation inversion. Thus laser action is
possible if I is sufficiently metastable.
If transitions from F to the ground
state G are rapid, population inver-
sion is maintained since this lowers
the population in F caused by the
transition in the laser action.

fractal A curve or surface generated
by a process involving successive sub-
division. For example, a snowflake
curve can be produced by starting
with an equilateral triangle and di-
viding each side into three segments.
The middle segments are then re-
placed by two equal segments, which
would form the sides of a smaller
equilateral triangle. This gives a 12-
sided star-shaped figure. The next
stage is to subdivide each of the sides
of this figure in the same way, and so
on. The result is a developing figure
that resembles a snowflake. In the
limit, this figure has ‘fractional di-
mension’ - i.e. a dimension between
that of a line (1) and a surface (2); the
dimension of the snowflake curve is
1.26. The study of this type of ‘self-
similar’ figure is used in certain
branches of chemistry - for example,
crystal growth. Fractals are also im-
portant in *chaos theory and in com-
puter graphics.

fraction See FRACTIONAL DISTILLA-
TION.

fractional crystallization A
method of separating a mixture of
soluble solids by dissolving them in a
suitable hot solvent and then lower-
ing the temperature slowly. The least
soluble component will crystallize
out first, leaving the other compo-
nents in solution. By controlling the
temperature, it is sometimes possible
to remove each component in turn.
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fractional distillation (fractiona-
tion) The separation of a mixture of
liquids by distillation. Effective sepa-
ration can be achieved by using a
long vertical column (fractionating
column) attached to the distillation
vessel and filled with glass beads.
Vapour from the liquid rises up the
column until it condenses and runs
back into the vessel. The rising
vapour in the column flows over the
descending liquid, and eventually a
steady state is reached in which
there is a decreasing temperature
gradient up the column. The vapour
in the column has more volatile com-
ponents towards the top and less
volatile components at the bottom.
Various fractions of the mixture can
be drawn off at points on the col-
umn. Industrially, fractional distilla-
tion is performed in large towers
containing many perforated trays. It
is used extensively in petroleum
refining.

fractionating column See FraC-
TIONAL DISTILLATION.

fractionation See FRACTIONAL DIS-
TILLATION.

francium Symbol Fr. A radioactive
element belonging to *group 1 (for-
merly IA) of the periodic table; a.n.
87; r.d. 2.4; m.p. 27£1°C; b.p.
677%1°C. The element is found in
uranium and thorium ores. All 22
known isotopes are radioactive, the
most stable being francium-223. The
existence of francium was confirmed
by Marguerite Perey in 1939.

[ @) see wes unks ]

¢ Information from the WebElements site

Franck-Condon principle A prin-
ciple governing the intensity of tran-
sitions in the vibrational structure
during an electronic transition in a
molecule. The principle states that
since nuclei are much heavier and
move much more slowly than elec-

trons (se¢ BORN-OPPENHEIMER APPROX-
IMATION), an electronic transition oc-
curs much more rapidly than the
time required for the nuclei to re-
spond to it. Therefore, in a diagram
showing the electronic states of the
molecule as a function of internu-
clear distance, the most intense elec-
tronic transition is represented by a
vertical line. For this reason a transi-
tion obeying the Franck-Condon
principle is called a vertical
transition; when it occurs the relative
positions of the nuclei remain un-
changed. The Franck-Condon princi-
ple is named after James Franck
(1882-1964), who stated it in 1925,
and Edward Condon, who formu-
lated it mathematically in terms of
quantum mechanics in 1928.

Frankland, Sir Edward (1825-99)
British organic chemist who was the
first to produce organometallic com-
pounds (zinc dialkyls). He is remem-
bered as the originator of the theory
of valency and introduced a method
of writing structural formulas.

Frasch process A method of ob-
taining sulphur from underground
deposits using a tube consisting of
three concentric pipes. Superheated
steam is passed down the outer pipe
to melt the sulphur, which is forced
up through the middle pipe by com-
pressed air fed through the inner
tube. The steam in the outer casing
keeps the sulphur molten in the
pipe. It was named after the German-
born US chemist Hermann Frasch
(1851-1914).

Fraunhofer, Josef von
(1787-1826) German physicist, who
trained as an optician. In 1814 he ob-
served dark lines in the spectrum of
the sun (see FRAUNHOFER LINES). He
also studied diffraction.

Fraunhofer lines Dark lines in the
solar spectrum, discovered by Josef
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von Fraunhofer, that result from the
absorption by elements in the solar
chromosphere of some of the wave-
lengths of the visible radiation emit-
ted by the hot interior of the sun.

free electron See ELECTRON.

free-electron approximation
The approximation resulting from
the assumption that electrons in
*metals can be analysed using the
*Kkinetic theory of gases, without tak-
ing the periodic potential of the
metal into account. This approxima-
tion gives a good qualitative account
of some properties of metals, such as
their electrical conductivity. At very
low temperatures it is necessary to
use quantum statistical mechanics
rather than classical statistical me-
chanics. The free-electron approxi-
mation does not, however, give an
adequate quantitative description of
the properties of metals. It can be im-
proved by the nearly free electron ap-
proximation, in which the periodic
potential is treated as a perturbation
on the free electrons.

free energy A measure of a sys-
tem’s ability to do work. The Gibbs
free energy (or Gibbs function), G, is
defined by G = H - TS, where G is the
energy liberated or absorbed in a re-
versible process at constant pressure
and constant temperature (T), H is
the *enthalpy and S the *entropy of
the system. Changes in Gibbs free en-
ergy, AG, are useful in indicating the
conditions under which a chemical
reaction will occur. If AG is positive
the reaction will only occur if energy
is supplied to force it away from the
equilibrium position (i.e. when AG =
0). If AG is negative the reaction will
proceed spontaneously to equilib-
rium.

The Helmholtz free energy (or
Helmholtz function), F, is defined by F
=U - TS, where U is the *internal en-
ergy. For a reversible isothermal

process, AF represents the useful
work available.

free radical An atom or group of
atoms with an unpaired valence elec-
tron. Free radicals can be produced
by photolysis or pyrolysis in which a
bond is broken without forming ions
(see HOMOLYTIC FISSION). Because of
their unpaired valence electron, most
free radicals are extremely reactive.
See also CHAIN REACTION.

freeze drying A process used in
dehydrating food, blood plasma, and
other heat-sensitive substances. The
product is deep-frozen and the ice
trapped in it is removed by reducing
the pressure and causing it to sub-
lime. The water vapour is then re-
moved, leaving an undamaged dry
product.

freezing mixture A mixture of
components that produces a low
temperature. For example, a mixture
of ice and sodium chloride gives a
temperature of -20°C.

freezing-point depression See
DEPRESSION OF FREEZING POINT.

Frenkel defect Sce CRYSTAL DEFECT.

Frenkel-Kontorowa model A
one-dimensional model of atoms,
such as xenon, adsorbed on a peri-
odic substrate, such as graphite. This
model, which can be used to investi-
gate the nature of the lattice formed
by the adsorbed gas, was invented in
1938 by Y. L. Frenkel and T. Kon-
torowa and independently in 1949 by
F. C. Frank and J. H. Van der Merwe.
The Frenkel-Kontorowa model can
be used to investigate the phase tran-
sition between a *commensurate lat-
tice and an *incommensurate lattice.

freon See CHLOROFLUOROCARBON.

Freundlich isotherm An isotherm
for adsorption with the form 6 =
¢,PY2, where the fractional coverage
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0 is the ratio of adsorption sites occu-
pied to the number of adsorption
sites available, ¢;, and ¢, are con-
stants, and P is the pressure of gas.
The Freundlich isotherm is fre-
quently used with adsorption from
liquid solutions, when it has the
form: w = ¢; x c/2, where w is the
mass of solute adsorbed per unit
mass of adsorbent (a quantity called
the mass fraction) and c is the con-
centration of the solution. Like other
isotherms the Freundlich isotherm
agrees with experiment for limited
ranges of parameter. If the limits of
applicability have been established
these isotherms, such as the Fre-
undlich isotherm, are useful in con-
sidering heterogeneous catalysis.

Friedel-Crafts reaction A type of
reaction in which an alkyl group
(from a haloalkane) or an acyl group
(from an acyl halide) is substituted on
a benzene ring (see illustration). The
product is an alkylbenzene (for alkyl
substitution) or an alkyl aryl ketone

+ CH,CI

_—

benzene chloromethane

Friedel-Crafts methylation

+ CHCOCl —

benzene ethanoyl chloride

Friedel-Crafts acetylation

Friedel-Crafts reactions

(for acyl substitution). The reactions
occur at high temperature (about
100°C) with an aluminium chloride
catalyst. The catalyst acts as an elec-
tron acceptor for a lone pair on the
halide atom. This polarizes the
haloalkane or acyl halide, producing
a positive charge on the alkyl or acyl
group. The mechanism is then elec-
trophilic substitution. Alcohols and
alkenes can also undergo Friedel-
Crafts reactions. The reaction is
named after the French chemist
Charles Friedel (1832-99) and the US
chemist James M. Craft (1839-1917).

Froehde’s test A *presumptive
test for opioids. Froehde’s reagent
consists of 0.5 gram of sodium
molybdate (Na,MoOQ,) dissolved in
100 ml of concentrated sulphuric
acid. LSD gives a blue-green colour,
heroin gives purple to olive green,
and mescaline gives a greenish col-
our.

frontier orbital One of two or-

CH,

methylbenzene
(toluene)

phenyl methyl
ketone
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bitals in a molecule: the *highest oc-
cupied molecular orbital (HOMO) and
the *lowest unoccupied molecular
orbital (LUMO). These two molecular
orbitals are usually the most impor-
tant ones in determining chemical
and spectroscopic properties of the
molecule.

frontier-orbital theory A theory
of the reactions of molecules that
emphasizes the energies and symme-
tries of *frontier orbitals. Frontier or-
bital theory was developed by the
Japanese chemist Kenichi Fukui
(1919-98) in the 1950s and is an al-
ternative approach to the *Wood-
ward-Hoffmann rules. It has been
very successful in explaining such re-
actions as the *Diels-Alder reaction.

Frost diagram A graph showing
how standard electrode potentials
vary with oxidation state for differ-
ent oxidation states of an element.
Frost diagrams can be constructed
from *Latimer diagrams. For an el-
ement M, the standard electrode po-
tential E © is calculated for the
reaction.

M(N) + Ne~ — M(0)
where M(N) indicates the species in
oxidation state N and M(0) indicates
the zero oxidation state. The Frost di-
agram is then obtained by plotting
NE© against N for the different
species. NE© is proportional to the
standard Gibbs free energy of the
particular half reaction.

In a Frost diagram, the lowest
point corresponds to the most stable
oxidation state of the element. Also,
the slope of a line between two
points is the standard potential of
the couple represented by the points.
Like Latimer diagrams, Frost dia-
grams depend on pH.

froth flotation A method of sepa-
rating mixtures of solids, used indus-
trially for separating ores from the

unwanted gangue. The mixture is
ground to a powder and water and a
frothing agent added. Air is blown
through the water. With a suitable
frothing agent, the bubbles adhere
only to particles of ore and carry
them to the surface, leaving the
gangue particles at the bottom.

fructose (fruit sugar; laevulose) A
simple sugar, CgH;,0g, stereoiso-
meric with glucose (see MONOSACCHA-
RIDE). (Although natural fructose is
the p-form, it is in fact laevorotatory.)
Fructose occurs in green plants,
fruits, and honey and tastes sweeter
than sucrose (cane sugar), of which it
is a constituent. Derivatives of fruc-
tose are important in the energy me-
tabolism of living organisms. Some
polysaccharide derivatives (fructans)
are carbohydrate energy stores in
certain plants.

fructose 1,6-bisphosphate An in-
termediate formed in the initial stage
of *glycolysis by the phosphorylation
of glucose using ATP.

fruit sugar See FRUCTOSE.

FT-IR See FOURIER-TRANSFORM IN-
FRARED.

5-FU See 5-FLUOROURACIL.

fuel A substance that is oxidized or
otherwise changed in a furnace or
heat engine to release useful heat or
energy. For this purpose wood, veg-
etable oil, and animal products have
largely been replaced by *fossil fuels
since the 18th century.

The limited supply of fossil fuels
and the expense of extracting them
from the earth has encouraged the
development of nuclear fuels to pro-
duce electricity.

fuel cell A cell in which the chemi-
cal energy of a fuel is converted di-
rectly into electrical energy. The
simplest fuel cell is one in which hy-
drogen is oxidized to form water
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over porous sintered nickel elec-
trodes. A supply of gaseous hydrogen
is fed to a compartment containing
the porous anode and a supply of
oxygen is fed to a compartment con-
taining the porous cathode; the elec-
trodes are separated by a third
compartment containing a hot alka-
line electrolyte, such as potassium
hydroxide. The electrodes are porous
to enable the gases to react with the
electrolyte, with the nickel in the
electrodes acting as a catalyst. At the
anode the hydrogen reacts with the
hydroxide ions in the electrolyte to
form water, with the release of two
electrons per hydrogen molecule:

H, + 20H- — 2H,0 + 2e-
At the cathode, the oxygen reacts

with the water, taking up electrons,
to form hydroxide ions:

120, + H,0 + 2e~ — 20H"~
The electrons flow from the anode to
the cathode through an external cir-
cuit as an electric current. The device
is a more efficient converter of elec-
tric energy than a heat engine, but it
is bulky and requires a continuous
supply of gaseous fuels. Their use to
power electric vehicles is being ac-
tively explored.

fugacity Symbol f. A thermody-
namic function used in place of par-
tial pressure in reactions involving
real gases and mixtures. For a compo-
nent of a mixture, it is defined by du
= RTd(Inf), where p is the chemical
potential. It has the same units as
pressure and the fugacity of a gas is
equal to the pressure if the gas is
ideal. The fugacity of a liquid or solid
is the fugacity of the vapour with
which it is in equilibrium. The ratio
of the fugacity to the fugacity in
some standard state is the *activity.
For a gas, the standard state is cho-
sen to be the state at which the fu-

gacity is 1. The activity then equals
the fugacity.

fullerene See BUCKMINSTER-
FULLERENE.

fullerite See BUCKMINSTER-
FULLERENE.

fuller’s earth A naturally occur-
ring clay material (chiefly montmoril-
lonite) that has the property of
decolorizing oil and grease. In the
past raw wool was cleaned of grease
and whitened by kneading it in
water with fuller’s earth; a process
known as fulling. Fuller’s earth is
now widely used to decolorize fats
and oils and also as an insecticide
carrier and drilling mud. The largest
deposits occur in the USA, UK, and
Japan.

fulminate See cyanic acip.
fulminic acid See cyaNIc AcID.

fumaric acid See BUTENEDIOIC
ACID.

functional group The group of
atoms responsible for the characteris-
tic reactions of a compound. The
functional group is -OH for alcohols,
-CHO for aldehydes, -COOH for car-
boxylic acids, etc.

fundamental See HARMONIC.

fundamental constants (universal
constants) Those parameters that do
not change throughout the universe.
The charge on an electron, the speed
of light in free space, the Planck con-
stant, the gravitational constant, the
electric constant, and the magnetic
constant are all thought to be exam-
ples.
[ @) see wes unks ]
o fundamental physical constants from
NIST

fundamental units A set of inde-
pendently defined *units of measure-
ment that forms the basis of a
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system of units. Such a set requires
three mechanical units (usually of
length, mass, and time) and one elec-
trical unit; it has also been found
convenient to treat certain other
quantities as fundamental, even
though they are not strictly inde-
pendent. In the metric system the
centimetre-gram-second (c.g.s.)
system was replaced by the metre-
kilogram-second (m.k.s.) system; the
latter has now been adapted to pro-
vide the basis for *SI units. In British
Imperial units the foot-pound-
second (f.p.s.) system was formerly
used.

fungicide See PESTICIDE.

furan A colourless liquid com-
pound, C,H,0; r.d. 0.94; m.p. -86°C;
b.p. 31.4°C. It has a five-membered

ring consisting of four CH, groups
and one oxygen atom.

3

O
Furan
furanose A *sugar having a five-

membered ring containing four car-
bon atoms and one oxygen atom.

furfural A colourless liquid,
CsH,0,, b.p. 162°C, which darkens

on standing in air. It is the aldehyde
derivative of *furan and occurs in
various essential oils and in *fusel
oil. It is used as a solvent for extract-
ing mineral oils and natural resins
and itself forms resins with some
aromatic compounds.

fused ring See RING.

[ @) e wes unks ]

¢ Information about IUPAC nomenclature
fusel oil A mixture of high-
molecular weight *alcohols contain-
ing also esters and fatty acids, some-
times formed as a toxic impurity in
the distillation products of alcoholic
fermentation. It is used as a source of
higher alcohols and in making paints
and plastics.

fusible alloys Alloys that melt at
low temperature (around 100°C).
They have a number of uses, includ-
ing constant-temperature baths, pipe
bending, and automatic sprinklers to
provide a spray of water to prevent
fires from spreading. Fusible alloys
are usually *eutectic mixtures of bis-
muth, lead, tin, and cadmium.
*Wood’s metal, *Rose’s metal, and
Lipowitz’s alloy are examples of al-
loys that melt in the range 70-100°C.

fusion Melting.



GABA See GAMMA-AMINOBUTYRIC
ACID.

Gabriel reaction A method of
making a primary *amine (free from
any secondary or tertiary amine im-
purities) from a haloalkane (alkyl
halide) using potassium phthalimide.
It is named after Siegmund Gabriel
(1851-1924).

gadolinium Symbol Gd. A soft sil-
very metallic element belonging to
the *lanthanoids; a.n. 64; r.a.m.
157.25; r.d. 7.901 (20°C); m.p. 1313°C;
b.p. 3266°C. It occurs in gadolinite,
xenotime, monazite, and residues
from uranium ores. There are seven
stable natural isotopes and eleven
artificial isotopes are known. Two of
the natural isotopes, gadolinium-155
and gadolinium-157, are the best
neutron absorbers of all the el-
ements. The metal has found limited
applications in nuclear technology
and in ferromagnetic alloys (with
cobalt, copper, iron, and cerium).
Gadolinium compounds are used in
electronic components. The element
was discovered by Jean de Marignac
(1817-94) in 1880.

[ @) see wes s ]

¢ Information from the WebElements site

galactose A simple sugar, C¢H;,0q,
stereoisomeric with glucose, that oc-
curs naturally as one of the products
of the enzymic digestion of milk
sugar (lactose) and as a constituent of
gum arabic.

galena A mineral form of lead(Il)
sulphide, PbS, crystallizing in the
cubic system; the chief ore of lead. It
usually occurs as grey metallic cubes,

frequently in association with silver,
arsenic, copper, zinc, and antimony.
Important deposits occur in Australia
(at Broken Hill), Germany, the USA
(especially in Missouri, Kansas, and
Oklahoma), and the UK.

gallic acid (3,4,5-trihydroxybenzoic
acid) A colourless crystalline aro-
matic compound, C¢H,(OH);COOH;
m.p. 253°C. It occurs in wood, oak
galls, and tea, and is a component of
tannins. It can be made from tannin
by acid hydrolysis or fermentation.
Gallic acid is used to make ink and
various dyes. On heating it yields
*pyrogallol.

OH

HO OH

HO [e]
Gallic acid

gallium Symbol Ga. A soft silvery
metallic element belonging to group
13 (formerly IIIB) of the periodic
table; a.n. 31; r.a.m. 69.72; r.d. 5.90
(20°C); m.p. 29.78°C; b.p. 2403°C. It
occurs in zinc blende, bauxite, and
kaolin, from which it can be ex-
tracted by fractional electrolysis. It
also occurs in gallite, CuGaS,, to an
extent of 1%; although bauxite only
contains 0.01% this is the only com-
mercial source. The two stable iso-
topes are gallium-69 and gallium-71;
there are eight radioactive isotopes,
all with short half-lives. The metal
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has only a few minor uses (e.g. as an
activator in luminous paints), but gal-
lium arsenide is extensively used as a
semiconductor in many applications.
Gallium corrodes most other metals
because it rapidly diffuses into their
lattices. Most gallium(I) and some gal-
lium(II) compounds are unstable. The
element was first identified by Paul
Lecoq de Boisbaudran (1838-1912) in
1875.

[ @) see wes Links J

¢ Information from the WebElements site
GALP See GLYCERALDEHYDE 3-PHOS-
PHATE.

galvanic cell See vorraic cEiL.

galvanized iron Iron or steel that
has been coated with a layer of zinc
to protect it from corrosion in a
process invented by Luigi Galvani.
Corrugated mild-steel sheets for
roofing and mild-steel sheets for dust-
bins, etc., are usually galvanized by
dipping them in molten zinc. The
formation of a brittle zinc-iron alloy
is prevented by the addition of small
quantities of aluminium or magne-
sium. Wire is often galvanized by a
cold electrolytic process as no alloy
forms in this process. Galvanizing is
an effective method of protecting
steel because even if the surface is
scratched, the zinc still protects the
underlying metal. See SACRIFICIAL
PROTECTION.

gamma-aminobutyric acid
(GABA) An inhibitory neurotransmit-
ter in the central nervous system
(principally the brain) that is capable
of increasing the permeability of
postsynaptic membranes. GABA is

(0]

c )J\
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C OH
H

H
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Gamma-aminobutyric acid

synthesized by *decarboxylation of
the amino acid glutamate.

gammahydroxybutyric acid See
4-HYDROXYBUTANOIC ACID.

gamma-iron See IRON.

gamma radiation Electromag-
netic radiation emitted by excited
atomic nuclei during the process of
passing to a lower excitation state.
Gamma radiation ranges in energy
from about 107 to 10719 joule (10
keV to 10 MeV) corresponding to a
wavelength range of about 1071 to
10-** metre. A common source of
gamma radiation is cobalt-60, the
decay process of which is:

§9Co B §3Ni % §3Ni
The de-excitation of nickel-60 is ac-
companied by the emission of
gamma-ray photons having energies
1.17 MeV and 1.33 MeV.

gangue Rock and other waste ma-
terial present in an ore.

garnet Any of a group of silicate
minerals that conform to the general
formula A;B,(SiO,);. The elements
representing A may include magne-
sium, calcium, manganese, and
iron(Il); those representing B may
include aluminium, iron(III),
chromium, or titanium. Six varieties
of garnet are generally recognized:
pyrope, Mg;Al,Si;0;,;

almandine, Fe;2*Al,Si;0;,;
spessartite, Mn;Al,Siz04,;
grossularite, CazAl,Siz04,;
andradite, Caz(Fe3*,Ti),Si50,,;
uvarovite, Ca;Cr,SizOq5.

Varieties of garnet are used as gem-
stones and abrasives.

gas A state of matter in which the
matter concerned occupies the whole
of its container irrespective of its
quantity. In an *ideal gas, which
obeys the *gas laws exactly, the mol-
ecules themselves would have a neg-
ligible volume and negligible forces
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between them, and collisions be-
tween molecules would be perfectly
elastic. In practice, however, the be-
haviour of real gases deviates from
the gas laws because their molecules
occupy a finite volume, there are
small forces between molecules, and
in polyatomic gases collisions are to a
certain extent inelastic (see EQUATION
OF STATE).

gas chromatography A technique
for separating or analysing mixtures
of gases by *chromatography. The
apparatus consists of a very long tube
containing the stationary phase. This
may be a solid, such as kieselguhr
(gas-solid chromatography, or GSC),
or a nonvolatile liquid, such as a hy-
drocarbon oil coated on a solid sup-
port (gas-liquid chromatography, or
GLC). The sample is often a volatile
liquid mixture, which is vaporized
and swept through the column by a
carrier gas (e.g. hydrogen). The com-
ponents of the mixture pass through
the column at different rates because
they adsorb to different extents on
the stationary phase. They are de-
tected as they leave, either by meas-
uring the thermal conductivity of the
gas or by a flame detector.

Gas chromatography is usually
used for analysis; components can be
identified by the time they take to
pass through the column. It is some-
times also used for separating mix-
tures.

Gas chromatography is often used
to separate a mixture into its compo-
nents, which are then directly in-
jected into a mass spectrometer. This
technique is known as gas chro-
matography-mass spectroscopy or
GCMS.

gas chromatography infrared

(GC-IR) A form of *Fourier-transform
infrared (FI-IR) used to identify small
amounts of gas obtained by gas chro-
matography. Since functional groups

in molecules are characteristic in in-
frared spectra this produces informa-
tion to supplement that obtained by
mass spectrometry. It is easier to per-
form FT-IR for gas chromatography
than for liquid chromatography be-
cause carrier solvents in liquid
chromatography absorb infrared
radiation.

gas constant (universal molar gas
constant) Symbol R. The constant
that appears in the universal gas
equation (see GAS LAwS). It has the
value 8.314 510(70) J K-* mol-.

gas equation See GAS LAWS.

gasification The conversion of
solid or liquid hydrocarbons to fuel
gas. Solid fuels such as coal or coke
are converted into producer gas (car-
bon monoxide) or water gas (carbon
monoxide and hydrogen) by the ac-
tion of air (or oxygen) and steam.
Solid fuels may also be hydrogenated
to produce methane. Liquid fuels,
from petroleum, are gasified to pro-
duce synthesis gas (carbon monoxide
and hydrogen) or town gas (mostly
hydrogen and methane), usually by
*cracking or *hydrogenation.

gas laws Laws relating the temper-
ature, pressure, and volume of an
*ideal gas. *Boyle’s law states that
the pressure (p) of a specimen is in-
versely proportional to the volume
(V) at constant temperature (pV = con-
stant). The modern equivalent of
*Charles’ law states that the volume
is directly proportional to the ther-
modynamic temperature (T) at con-
stant pressure (VT = constant);
originally this law stated the con-
stant expansivity of a gas kept at con-
stant pressure. The pressure law
states that the pressure is directly
proportional to the thermodynamic
temperature for a specimen kept at
constant volume. The three laws can
be combined in the universal gas
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equation, pV = nRT, where n is the
amount of gas in the specimen and R
is the *gas constant. The gas laws
were first established experimentally
for real gases, although they are
obeyed by real gases to only a limited
extent; they are obeyed best at high
temperatures and low pressures. See
also EQUATION OF STATE.

gasohol A mixture of petrol (gaso-
line) and alcohol (i.e. typically
ethanol at 10%, or methanol at 3%),
used as an alternative fuel for cars
and other vehicles in many coun-
tries. The ethanol is obtained as a
*biofuel by fermentation of agricul-
tural crops or crop residues, for ex-
ample sugar cane waste. Many cars
can also use a mixture of 85% ethanol
and 15% petrol, called E85. Ethanol-
based gasohol has a higher octane
rating and burns more completely
than conventional petrol, thus lower-
ing some emissions. However, the
ethanol can damage certain engine
components, such as rubber seals.
Methanol-based gasohol is more toxic
and corrosive, and its emissions in-
clude formaldehyde, a known car-
cinogen.

gas oil A high-density petroleum
fraction (between kerosene and lubri-
cating oil), whose molecules have up
to 25 carbon atoms. It is used as a do-
mestic and industrial heating fuel.

gasoline See PETROLEUM.

gas-phase electrophoresis See
ION-MOBILITY SPECTROMETRY.

gas thermometer A device for
measuring temperature in which the
working fluid is a gas. It provides the
most accurate method of measuring
temperatures in the range 2.5 to
1337 K. Using a fixed mass of gas a
constant-volume thermometer meas-
ures the pressure of a fixed volume
of gas at relevant temperatures, usu-

ally by means of a mercury manome-
ter and a barometer.

Gattermann-Koch reaction A re-
action of the type C¢Hg — CHsCHO,
used to introduce aldehyde groups
onto benzene rings. It is used in the
industrial manufacture of benzalde-
hyde. A mixture of hydrogen chlo-
ride and carbon monoxide is passed
through benzene using a Lewis acid
such as aluminium chloride as a cata-
lyst. An intermediate H-C=0C" is
formed and electrophilic substitution
takes place on the benzene ring.
There is a variation of the reaction,
sometimes simply called the Gatter-
mann reaction, in which the -CHO
group is substituted onto the ben-
zene ring of a phenol. In this reac-
tion hydrogen cyanide is used rather
than carbon monoxide. A mixture of
zinc cyanide and hydrochloric acid
produces the hydrogen cyanide along
with zinc chloride to act as the cata-
lyst. The electrophile is HCNH*
which produces an imine intermedi-
ate

C¢HsOH — HOC(H,CH=NH
This then hydrolyses to the aldehyde
HOCgH,CHO. If an organic cyanide
(nitrite) RCN is used, a ketone is pro-
duced. The reaction was discovered
by Ludwig Gattermann and J.C. Koch
in 1897. The use of hydrogen cyanide
was reported by Gattermann in 1907.

Gattermann reaction A variation
of the *Sandmeyer reaction for
preparing chloro- or bromoarenes by
reaction of the diazonium com-
pound. In the Gattermann reaction
the aromatic amine is added to
sodium nitrite and the halogen acid
(10°C), then fresh copper powder
(e.g. from Zn + CuSO,) is added and
the solution warmed. The diazonium
salt then forms the haloarene, e.g.

CeHsN,*Cl- — CeHsCl + N,
The copper acts as a catalyst. The re-
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action is easier to perform than the
Sandmeyer reaction and takes place
at lower temperature, but generally
gives lower yields. It was discovered
in 1890 by the German chemist Lud-
wig Gattermann (1860-1920). See also
GATTERMANN-KOCH REACTION.

gauche Se¢ CONFORMATION; TOR-
SION ANGLE.

Gay-Lussac, Joseph (1778-1850)
French chemist and physicist whose
discovery of the laws of chemical
combination in gases helped to estab-
lish the atomic theory. It also led to
*Avogadro’s law. See also CHARLES’
LAW.

Gay Lussac’s law 1. When gases
combine chemically the volumes of
the reactants and the volume of the
product, if it is gaseous, bear simple
relationships to each other when
measured under the same conditions
of temperature and pressure. The law
was first stated in 1808 by J. L. Gay-
Lussac and led to *Avogadro’s law.

2. See CHARLES’ LAW.

gaylussite A mineral consisting
of a hydrated mixed carbonate of
sodium and calcium, Na,COs.
CaCO05.5H,0.

GC-IR See GAS CHROMATOGRAPHY IN-
FRARED.

GCMS See GAS CHROMATOGRAPHY.

Geiger counter (Geiger-Miiller
counter) A device used to detect and
measure ionizing radiation. It con-
sists of a tube containing a low-
pressure gas (usually argon or neon
with methane) and a cylindrical hol-
low cathode through the centre of
which runs a fine-wire anode. A po-
tential difference of about 1000 volts
is maintained between the elec-
trodes. An ionizing particle or pho-
ton passing through a window into
the tube will cause an ion to be pro-
duced and the high p.d. will acceler-

ate it towards its appropriate elec-
trode, causing an avalanche of fur-
ther ionizations by collision. The
consequent current pulses can be
counted in electronic circuits or sim-
ply amplified to work a small loud-
speaker in the instrument. It was
first devised in 1908 by the German
physicist Hans Geiger (1882-1945).
Geiger and W. Miiller produced an
improved design in 1928.

gel A lyophilic *colloid that has co-
agulated to a rigid or jelly-like solid.
In a gel, the disperse medium has
formed a loosely-held network of
linked molecules through the disper-
sion medium. Examples of gels are
silica gel and gelatin.

gelatin(e) A colourless or pale yel-
low water-soluble protein obtained
by boiling collagen with water and
evaporating the solution. It swells
when water is added and dissolves in
hot water to form a solution that sets
to a gel on cooling. It is used in pho-
tographic emulsions and adhesives,
and in jellies and other foodstuffs.

gel electrophoresis See ELEC-
TROPHORESIS.

gel filtration A type of column
*chromatography in which a mix-
ture of liquids is passed down a col-
umn containing a gel. Small
molecules in the mixture can enter
pores in the gel and move slowly
down the column; large molecules,
which cannot enter the pores, move
more quickly. Thus, mixtures of mol-
ecules can be separated on the basis
of their size. The technique is used
particularly for separating proteins
but it can also be applied to other
polymers and to cell nuclei, viruses,
etc.

gelignite A high explosive made
from nitroglycerin, cellulose nitrate,
sodium nitrate, and wood pulp.
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gem Designating molecules in
which two functional groups are
attached to the same atom in a
molecule. For example, 1,1-
dichloroethane (CH;CHCI,) is a gem
dihalide and can be named gem-
dichloroethane. Compare VICINAL.

geminate pair A pair of mol-
ecules, ions, etc., in close proximity
surrounded by a solvent cage (see
CAGE EFFECT).

geochemistry The scientific study
of the chemical composition of the
earth. It includes the study of the
abundance of the earth’s elements
and their isotopes and the distribu-
tion of the elements in environments
of the earth (lithosphere, atmos-
phere, biosphere, and hydrosphere).

geometrical isomerism See 150-
MERISM.

gerade Symbol g. Describing a mo-
lecular orbital of a homonuclear di-
atomic molecule with even parity
(gerade is the German word for even).
This means that during the process
of inversion, the sign of the orbital is
unchanged upon going from any
point in the molecule through the
centre of inversion to the corre-
sponding point on the other side.
The symbol g is written as a sub-
script. The opposite of gerade is
ungerade, symbol u. The symbols g
and u are used to determine selection
rules for diatomic molecules. These
symbols are only applicable to
homonuclear diatomic molecules, as
heteronuclear diatomic molecules,
such as CO, do not have a centre of
inversion.

geraniol An alcohol, CoH,;5CH,0H,
present in a number of essential oils.

germanium Symbol Ge. A lustrous
hard metalloid element belonging to
group 14 (formerly IVB) of the peri-
odic table; a.n. 32; r.a.m. 72.59; r.d.

5.36; m.p. 937°C; b.p. 2830°C. It is
found in zinc sulphide and in certain
other sulphide ores, and is mainly
obtained as a by-product of zinc
smelting. It is also present in some
coal (up to 1.6%). Small amounts are
used in specialized alloys but the
main use depends on its semiconduc-
tor properties. Chemically, it forms
compounds in the +2 and +4 oxida-
tion states, the germanium(IV) com-
pounds being the more stable. The
element also forms a large number
of organometallic compounds. Pre-
dicted in 1871 by *Mendeleev (eka-
silicon), it was discovered by Winkler
in 1886.

[ @) see wes ks ]

¢ Information from the WebElements site
German silver (nickel silver) An
alloy of copper, zinc, and nickel,
often in the proportions 5:2:2. It re-
sembles silver in appearance and is
used in cheap jewellery and cutlery
and as a base for silver-plated wire.
See also ELECTRUM.

getter A substance used to remove
small amounts of other substances
from a system by chemical combina-
tion. For example, a metal such as
magnesium may be used to remove
the last traces of air when achieving
a high vacuum. Various getters are
also employed to remove impurities
from semiconductors.

GHB Gammahydroxybutyric acid.
See 4-HYDROXYBUTANOIC ACID.

gibberellic acid (GA;) A plant
growth substance, abundant in
young actively growing areas of the
plant, that is involved in stem elon-
gation. A *terpene, it was discovered
in 1954. Gibberellic acid and related
growth substances are called gib-
berellins.

Gibbs, Josiah Willard (1839-1903)
US mathematician and physicist,
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who spent his entire academic career
at Yale University. During the 1870s
he developed the theory of chemical
thermodynamics, devising functions
such as Gibbs *free energy; he also
derived the *phase rule. In mathe-
matics he introduced vector notation.

Gibbs-Duhem equation An equa-
tion describing the relation between
the chemical potentials of species in
a mixture. If n; is the amount of
species i and y; is the chemical poten-
tial of species i, the Gibbs-Duhem
equation states that

Xndp; =0
This equation implies that the chemi-
cal potentials for the species in a
mixture do not change indepen-
dently. Thus, in the case of a binary
mixture, if the chemical potential of
one species increases, the chemical
potential of the other species must
decrease. The equation was derived
independently by J. W. *Gibbs and
the French physicist P. Duhem
(1861-1916).

Gibbs free energy (Gibbs function)
See FREE ENERGY.

Gibbs-Helmholtz equation An
equation used in thermodynamics to
show the temperature dependence of
the *Gibbs free energy. It has the
form:

(9G[dT), = (G - H)[T,
where G is the Gibbs free energy, H is
the enthalpy, T is the thermody-
namic temperature, and p is the pres-
sure (which is held constant). The
Gibbs-Helmholtz equation can be de-
rived from (0G/dT), =- S and S = (H -
G)T using the rules of differentiation.
The equation was derived by J. W.
*Gibbs and H. L. F. von *Helmbholtz.

gibbsite A mineral form of hy-
drated *aluminium hydroxide
(Al(OH)3). It is named after the US
mineralogist George Gibbs (d. 1833).

giga- Symbol G. A prefix used in the
metric system to denote one thou-
sand million times. For example, 10°
joules =1 gigajoule (GJ).

gilbert Symbol Gb. The c.g.s. unit
of magnetomotive force equal to
10/4rn (= 0.795 77) ampere-turn. It is
named after the English physician
and physicist William Gilbert
(1544-1603), who studied magnet-
ism.

glacial ethanoic acid See
ETHANOIC ACID.

glass Any noncrystalline solid; i.e. a
solid in which the atoms are random
and have no long-range ordered pat-
tern. Glasses are often regarded as su-
percooled liquids. Characteristically
they have no definite melting point,
but soften over a range of tempera-
tures.

The common glass used in win-
dows, bottles, etc., is soda glass,
which is made by heating a mixture
of lime (calcium oxide), soda (sodium
carbonate), and sand (silicon(IV)
oxide). It is a form of calcium silicate.
Borosilicate glasses (e.g. Pyrex) are
made by incorporating some boron
oxide, so that silicon atoms are re-
placed by boron atoms. They are
tougher than soda glass and more re-
sistant to temperature changes,
hence their use in cooking utensils
and laboratory apparatus. Glasses for
special purposes (e.g. optical glass)
have other elements added (e.g. bar-
ium, lead). See also SPIN GLASS.

glass electrode A type of *half
cell having a glass bulb containing an
acidic solution of fixed pH, into
which dips a platinum wire. The
glass bulb is thin enough for hydro-
gen ions to diffuse through. If the
bulb is placed in a solution contain-
ing hydrogen ions, the electrode po-
tential depends on the hydrogen-ion



247

glutaric acid

concentration. Glass electrodes are
used in pH measurement.

glass fibres Melted glass drawn
into thin fibres some 0.005 mm-0.01
mm in diameter. The fibres may be
spun into threads and woven into
fabrics, which are then impregnated
with resins to give a material that is
both strong and corrosion resistant.
It is used in car bodies, boat building,
and similar applications.

glauberite A mineral consisting of
a mixed sulphate of sodium and cal-
cium, Na,S0,.CaSO,.

Glauber’s salt *Sodium sulphate

decahydrate, Na,SO,.10H,0, used as
a laxative. It is named after Johann

Glauber (1604-68).

GLC (gas-liquid chromatography)
See GAS CHROMATOGRAPHY.

global warming See GREENHOUSE
EFFECT.

globin See HAEMOGLOBIN.
globular protein See PROTEIN.

globulin Any of a group of globular
proteins that are generally insoluble
in water and present in blood, eggs,
milk, and as a reserve protein in
seeds. Blood serum globulins com-
prise four types: o4-, 0,-, and -
globulins, which serve as carrier pro-
teins; and y-globulins, which include
the immunoglobulins responsible for
immune responses.

glove box A metal box that has
gloves fitted to ports in its walls. It is
used to manipulate mildly radio-
active materials and in laboratory
techniques in which an inert, sterile,
dry, or dust-free atmosphere has to
be maintained.

glow discharge An electrical dis-
charge that passes through a gas at
low pressure and causes the gas to

become luminous. The glow is pro-

duced by the decay of excited atoms
and molecules.

gluconic acid An optically

active hydroxycarboxylic acid,
CH,(OH)(CHOH),COOH. It is the car-
boxylic acid corresponding to the al-
dose sugar glucose, and can be made
by the action of certain moulds.

glucosan Any one of a class of
*polysaccharide compounds that can
be converted to glucose by hydroly-
sis. Glucosans include dextrin, starch,
and cellulose.

glucose (dextrose; grape sugar) A
white crystalline sugar, C¢H;,0¢, 0c-
curring widely in nature. Like other
*monosaccharides, glucose is opti-
cally active: most naturally occurring
glucose is dextrorotatory. Glucose
and its derivatives are crucially im-
portant in the energy metabolism of
living organisms. Glucose is also a
constituent of many polysaccharides,
most notably starch and cellulose.
These yield glucose when broken
down, for example by enzymes dur-
ing digestion.

glucuronic acid A compound,
OCgHoOg, derived from the oxidation
of glucose. It is an important con-
stituent of gums and mucilages. Glu-
curonic acid can combine with
hydroxyl (-OH), carboxyl (-COOH), or
amino (-NH,) groups to form a glu-
curonide. The addition of a glu-
curonide group to a molecule
(glucuronidation) generally increases
the solubility of a compound; hence
glucuronidation plays an important
role in the excretion of foreign sub-
stances.

glucuronide See GLUCURONIC ACID.
glutamic acid See AMINO ACID.
glutamine See AMINO ACID.

glutaric acid See PENTANEDIOIC
ACID.
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glyceraldehyde 3-phosphate
(GALP) A triose phosphate,
CHOCH(OH)CH,0PO;H,, that is an in-
termediate in the *Calvin cycle (see
also PHOTOSYNTHESIS) and glycolysis.

glycerate 3-phosphate A phos-
phorylated three-carbon monosac-
charide that is an intermediate in the
*Calvin cycle of photosynthesis and
also in *glycolysis. It was formerly
known as 3-phosphoglycerate or phos-
phoglyceric acid (PGA).

glycerides (acylglycerols) Fatty-acid
esters of glycerol. Esterification can
occur at one, two, or all three hy-
droxyl groups of the glycerol mol-
ecule producing mono-, di-, and
triglycerides respectively. *Triglyc-
erides are the major constituent of
fats and oils found in living organ-
isms. Alternatively, one of the hy-
droxyl groups may be esterified with
a phosphate group forming a phos-
phoglyceride (see PHOSPHOLIPID) OT tO
a sugar forming a *glycolipid.

glycerine See GLYCEROL.

glycerol (glycerine; propane-
1,2,3,-triol) A trihydric alcohol,
HOCH,CH(OH)CH,OH. Glycerol is a
colourless sweet-tasting viscous lig-
uid, miscible with water but insolu-
ble in ether. It is widely distributed
in all living organisms as a con-
stituent of the *glycerides, which
yield glycerol when hydrolysed.

glycerophospholipids Sec pHOS-
PHOLIPIDS.

glycine See AMINO ACID.

glycobiology The study of carbo-
hydrates and carbohydrate com-
plexes, especially *glycoproteins.

glycogen (animal starch) A *poly-
saccharide consisting of a highly
branched polymer of glucose occur-
ring in animal tissues, especially in
liver and muscle cells. It is the major

store of carbohydrate energy in ani-
mal cells and is present as granular
clusters of minute particles.

glycogenesis The conversion of
glucose to glycogen, which is stimu-
lated by insulin from the pancreas.
Glycogenesis occurs in skeletal mus-
cles and to a lesser extent in the
liver. Glucose that is taken up by
cells is phosphorylated to glucose 6-
phosphate; this is converted succes-
sively to glucose 1-phosphate, uridine
diphosphate glucose, and finally to
glycogen. Compare GLYCOGENOLYSIS.

glycogenolysis The conversion of
glycogen to glucose, which occurs in
the liver and is stimulated by
glucagon from the pancreas and
adrenaline from the adrenal medulla.
These hormones activate an enzyme
that phosphorylates glucose mol-
ecules in the glycogen chain to form
glucose 1-phosphate, which is con-
verted to glucose 6-phosphate. This is
then converted to glucose by a phos-
phatase enzyme. In skeletal muscle
glycogen is degraded to glucose 6-
phosphate, which is then converted
into pyruvate and used in ATP pro-
duction during glycolysis and the
Krebs cycle. However, pyruvate can
also be converted, in the liver, to glu-
cose; thus muscle glycogen is indi-
rectly a source of blood glucose.
Compare GLYCOGENESIS.

glycol See ETHANE-1,2-DIOL.

glycolic acid (hydroxyethanoic
acid) A colourless crystalline com-
pound, CH,(OH)COOH; m.p. 80°C. It
occurs in sugar cane and sugar beet,
and is made by the electrolytic re-
duction of oxalic acid or by boiling a
solution of sodium monochloro-
ethanoate. Glycolic acid is used in
making textiles and leather and for
cleaning metals.

glycolipid Any of a group of sugar-
containing lipids, in which the lipid
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portion of the molecule is usually
based on glycerol (see GLYCERIDE) or
sphingosine and the sugar is typically
galactose, glucose, or inositol. Glycol-
ipids are components of biological
membranes. In animal plasma mem-
branes they are found in the outer
layer of the lipid bilayer; the simplest
animal glycolipids are the *cerebro-
sides. Plant glycolipids are glycerides
in which the sugar group is most
commonly galactose. They are the
principal lipid constituents of chloro-
plasts.

glycolysis (Embden—Meyerhof path-
way) The series of biochemical reac-
tions in which glucose is broken
down to pyruvate with the release of
usable energy in the form of *ATP.
One molecule of glucose undergoes
two phosphorylation reactions

and is then split to form two triose-
phosphate molecules. Each of these
is converted to pyruvate. The net en-
ergy yield is two ATP molecules per
glucose molecule. In aerobic respira-
tion pyruvate then enters the *Krebs
cycle. Alternatively, when oxygen is
in short supply or absent, the pyru-
vate is converted to various products
by anaerobic respiration. Other sim-
ple sugars, e.g. fructose and galac-
tose, and glycerol (from fats) enter
the glycolysis pathway at intermedi-
ate stages.

glycoprotein A carbohydrate
linked covalently to a protein.
Formed in the Golgi apparatus in the
process of *glycosylation, glycopro-
teins are important components of
cell membranes. They are also con-
stituents of body fluids, such as
mucus, that are involved in lubrica-
tion. Many of the hormone receptors
on the surfaces of cells have been
identified as glycoproteins. Glycopro-
teins produced by viruses attach
themselves to the surface of the host
cell, where they act as markers for

the receptors of leucocytes. Viral gly-
coproteins can also act as target mol-
ecules and help viruses to detect
certain types of host cell; for exam-
ple, a glycoprotein on the surface of
HIV (the AIDS virus) enables the virus
to find and infect white blood cells.

glycosaminoglycan Any one of a
group of polysaccharides that contain
amino sugars (such as glucosamine).
Formerly known as mucopolysaccha-
rides, they include *hyaluronic acid
and chondroitin, which provide lu-
brication in joints and form part of
the matrix of cartilage. The three-
dimensional structure of these mol-
ecules enables them to trap water,
which forms a gel and gives gly-
cosaminoglycans their elastic proper-
ties.

glycoside Any one of a group of
compounds consisting of a pyranose
sugar residue, such as glucose, linked
to a noncarbohydrate residue (R) by a
*glycosidic bond: the hydroxyl group
(-OH) on carbon-1 of the sugar is re-
placed by -OR. Glycosides are widely
distributed in plants; examples are
the *anthocyanin pigments and the
cardiac glycosides, such as digoxin
and ouabain, which are used medici-
nally for their stimulant effects on
the heart.

glycosidic bond (glycosidic link)
The type of chemical linkage be-
tween the monosaccharide units of
disaccharides, oligosaccharides, and
polysaccharides, which is formed by
the removal of a molecule of water
(i.e. a *condensation reaction). The
bond is normally formed between
the carbon-1 on one sugar and the
carbon-4 on the other. An a-glyco-
sidic bond is formed when the -OH
group on carbon-1 is below the plane
of the glucose ring and a B-glycosidic
bond is formed when it is above the
plane. Cellulose is formed of glucose
molecules linked by 1-4 B-glycosidic
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Glycosidic bond

bonds, whereas starch is composed
of 1-4 o-glycosidic bonds.

glycosidic link See GLYCOSIDE.

glycosylation The process in
which a carbohydrate is joined to an-
other molecule, such as a protein to
form a *glycoprotein or to a lipid to
form a glycolipid (see GLYCERIDE). Gly-
cosylation occurs in the rough endo-
plasmic reticulum and the Golgi
apparatus of cells.

glyoxal (ethanedial) A low melting-
point yellow crystalline solid, CHO-
CHO, m.p. 15°C. It is a dialdehyde. It
gives off a green vapour when heated
and burns with a violet-coloured
flame. Glyoxal is made by the cat-
alytic oxidation of ethanediol and is
used to harden the gelatin employed
for photographic emulsions.

goethite A yellow-brown mineral,
FeO.OH, crystallizing in the or-
thorhombic system. It is formed as a
result of the oxidation and hydration
of iron minerals or as a direct precip-
itate from marine or fresh water (e.g.
in swamps and bogs). Most *limonite
is composed largely of cryptocrys-
talline goethite. Goethite is mined as
an ore of iron.

Golay cell A transparent cell con-
taining gas, used to detect *infrared
radiation. Incident radiation is ab-
sorbed within the cell, causing a rise
in the gas temperature and pressure.
The amount of incident radiation can

bond

maltose water

be measured from the pressure rise
in the tube.

gold Symbol Au. A soft yellow mal-
leable metallic *transition element;
an. 79; ra.m. 196.967; r.d. 19.32;
m.p. 1064.43°C; b.p. 2807+2°C. Gold
has a face-centred-cubic crystal struc-
ture. It is found as the free metal in
gravel or in quartz veins, and is also
present in some lead and copper sul-
phide ores. It also occurs combined
with silver in the telluride sylvanite,
(Ag,Au)Te,. It is used in jewellery,
dentistry, and electronic devices.
Chemically, it is unreactive, being
unaffected by oxygen. It reacts with
chlorine at 200°C to form gold(III)
chloride. It forms a number of com-
plexes with gold in the +1 and +3 ox-
idation states.

[ (€)) see wes Links J
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Goldschmidt process A method
of extracting metals by reducing the
oxide with aluminium powder, e.g.
Cr,05 + 2A1 — 2Cr + Al,O4
The reaction can also be used to pro-
duce molten iron (see THERMITE). It
was discovered by the German
chemist Hans Goldschmidt
(1861-1923).

Gooch crucible A porcelain dish
with a perforated base over which a
layer of asbestos is placed, used for
filtration in gravimetric analysis. It is
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named after the US chemist Frank
Gooch (1852-1929).

Gouy balance A method of meas-
uring magnetic susceptibility. The
sample is suspended from a balance,
with the bottom part of the sample
between the poles of an electromag-
net. When the magnetic field is
switched on, the sample experiences
a field gradient which causes an ap-
parent change in weight. In particu-
lar, paramagnetic substances show
an increase in weight, which, after
correction for a smaller diamagnetic
contribution, can be used to calculate
the paramagnetic part of the suscep-
tibility. This can be used to calculate
the number of unimpaired electrons
in the sample. Magnetic measure-
ments of this type are widely used to
investigate the electronic structures
of metal complexes. The Evans bal-
ance is a portable version of the
Gouy balance using permanent mag-
nets and giving a direct readout.
Other methods of measuring mag-
netic susceptibility include magnetic
resonance techniques and the use of
a SQID (superconducting quantum
interference device).

Gouy-Chapman model A model
of the *electrical double layer in
which thermal motion causing disor-
dering of the layer is taken into ac-
count. This is very similar to the
*Debye-Hiickel theory of the ionic
atmosphere around an ion, except
that the concept of a central single
ion is replaced by that of an infinite
plane electrode. The Gouy-Chapman
model understates the structure in a
double layer, but can be improved by
the Stern model, in which the ions
closest to the electrode are ordered
and the ions are described by the
Gouy-Chapman model outside the
first layer.

graft copolymer See POLYMER.

Graham, Thomas (1805-69) Scot-
tish chemist, who became professor
of chemistry at Glasgow University in
1830, moving to University College,
London, in 1837. His 1829 paper on
gaseous diffusion introduced *Gra-
ham’s law. He went on to study diffu-
sion in liquids, leading in 1861 to the
definition of *colloids.

Graham's law The rates at which
gases diffuse is inversely propor-
tional to the square roots of their
densities. This principle is made use
of in the diffusion method of separat-
ing isotopes. The law was formulated
in 1829 by Thomas *Graham.

gram Symbol g. One thousandth of
a kilogram. The gram is the funda-
mental unit of mass in *c.g.s. units
and was formerly used in such units
as the gram-atom, gram-molecule,
and gram-equivalent, which have
now been replaced by the *mole.

grape sugar See GLUCOSE.
graphite See cArRBON.

graphitic compounds Substances
in which atoms or molecules are
trapped between the layers in
graphite. See LAMELLAR SOLIDS.

gravimetric analysis A type of
quantitative analysis that depends on
weighing. For instance, the amount
of silver in a solution of silver salts
could be measured by adding excess
hydrochloric acid to precipitate silver
chloride, filtering the precipitate,
washing, drying, and weighing.

gray Symbol Gy. The derived SI unit
of absorbed dose of ionizing radia-
tion (see RADIATION UNITS). It is
named after the British radiobiologist
L. H. Gray (1905-65).

greenhouse effect An effect oc-
curring in the atmosphere because of
the presence of certain gases (green-
house gases) that absorb infrared ra-
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diation. Light and ultraviolet radia-
tion from the sun are able to pen-
etrate the atmosphere and warm the
earth’s surface. This energy is re-radi-
ated as infrared radiation, which, be-
cause of its longer wavelength, is
absorbed by such substances as car-
bon dioxide. Emissions of carbon
dioxide from human activities have
increased markedly in the last 150
years or so. The overall effect is that
the average temperature of the earth
and its atmosphere is increasing (so-
called global warming). The effect is
similar to that occurring in a green-
house, where light and long-wave-
length ultraviolet radiation can pass
through the glass into the green-
house but the infrared radiation is
absorbed by the glass and part of it is
re-radiated into the greenhouse.

The greenhouse effect is seen as a
major environmental hazard. Aver-
age increases in temperature are
likely to change weather patterns
and agricultural output. It is already
causing the polar ice caps to melt,
with a corresponding rise in sea
level. Carbon dioxide, from fossil-fuel
power stations and car exhausts, is
the main greenhouse gas. Other con-
tributory pollutants are nitrogen
oxides, ozone, methane, and
chlorofluorocarbons.

greenhouse gas See GREENHOUSE
EFFECT.

greenockite A mineral form of
cadmium sulphide, CdS.

green vitriol See IRON(II) SULPHATE.

Griess test A test for nitrates or ni-
trites, once widely used to detect the
possible existence of gunshot
residue.

Grignard reagents A class of
organometallic compounds of mag-
nesium, with the general formula
RMgX, where R is an organic group
and X a halogen atom (e.g. CH;MgCl,

C,HsMgBr, etc.). They actually have
the structure R,Mg.MgCl,, and can be
made by reacting a haloalkane with
magnesium in ether; they are rarely
isolated but are extensively used in
organic synthesis, when they are
made in one reaction mixture. Grig-
nard reagents have a number of reac-
tions that make them useful in
organic synthesis. With methanal
they give a primary alcohol

CH;MgCl + HCHO — CH;CH,0H
Other aldehydes give a secondary al-
cohol

CH;CHO + CH;MgCl —

(CH;),CHOH
With alcohols, hydrocarbons are
formed

CH;MgCl + C,H;OH — C,HsCH;
Water also gives a hydrocarbon
CH;MgCl + H,0 — CH,
The compounds are named after

their discoverer, the French chemist
Victor Grignard (1871-1935).

Grotrian diagram A diagram that
summarizes the energy levels and
the *allowed transitions between
these energy levels in an atom. The
energy is plotted vertically with a
horizontal line for each energy level.
The intensity of the transition can be
represented on a Grotrian diagram
by allowing the thickness of the line
to represent the transition propor-
tional to the intensity. Grotrian dia-
grams are named after the German
spectroscopist W. Grotrian, who in-
vented them in 1928.

Grottius-Draper law A law in
photochemistry stating that only the
light absorbed by a substance or sub-
stances is effective in bringing about
chemical change. Not all the light
falling on the substances will neces-
sarily bring about chemical change,
since some of it can be re-emitted in
the form of heat or light. The light
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does not need to be absorbed directly
by the reacting substances; it is possi-
ble, in photosensitization for exam-
ple, that light can be absorbed by an
inert substance, which subsequently
transfers the absorbed energy (as
thermal energy) to the reactants.

ground state The lowest stable en-
ergy state of a system, such as a mol-
ecule, atom, or nucleus. See ENERGY
LEVEL.

group 1. See PERIODIC TABLE. 2. A
mathematical structure consisting of
a set of elements A, B, C, etc., for
which there exists a law of composi-
tion, referred to as ‘multiplication’.
Any two elements can be combined
to give a ‘product’ AB.

(1) Every product of two elements is
an element of the set.

(2) The operation is associative, i.e.
A(BC) = (AB)C.

(3) The set has an element I, called
the identity element, such that IA =
Al = A for all Ain the set.

(4) Each element of the set has an in-
verse A™! belonging to the set such
that AA1=A1A=1

Although the law of combination is
called ‘multiplication’ this does not
necessarily have its usual meaning.
For example, the set of integers
forms a group if the law of composi-
tion is addition.

Two elements A, B of a group com-
mute if AB=BA. If all the elements of
a group commute with each other
the group is said to be Abelian. If this
is not the case the group is said to be
non-Abelian.

The interest of group theory in
physics and chemistry is in analysing
symmetry. Discrete groups have a
finite number of elements, such as
the symmetries involved in rotations
and reflections of molecules, which
give rise to point groups. Continuous
groups have an infinite number of el-
ements where the elements are con-

tinuous. An example of a continuous
group is the set of rotations about a
fixed axis. The rotation group thus
formed underlies the quantum
theory of angular momentum, which
has many applications to atoms and
nuclei.

group 0 elements See NOBLE
GASES.

group 1 elements A group of el-
ements in the *periodic table:
lithium (Li), sodium (Na), potassium
(K), rubidium (Rb), caesium (Cs), and
Francium (Fr). They are known as the
*alkali metals. Formerly, they were
classified in group I, which consisted
of two subgroups: group IA (the main
group) and group IB. Group IB con-
sisted of the *coinage metals, copper,
silver, and gold, which comprise
group 11 and are usually considered
with the *transition elements.

group 2 elements A group of el-
ements in the *periodic table: beryl-
lium (Be), magnesium (Hg), calcium
(Ca), strontium (Sr), barium (Ba), and
radium (Ra). They are known as the
*alkaline-earth metals. Formerly,
they were classified in group II,
which consisted of two subgroups:
group IIA (the main group, see ALKA-
LINE-EARTH METALS) and group IIB.
Group IIB consisted of the three met-
als zinc (Zn), cadmium (Cd), and mer-
cury (Hg), which have two s-electrons
outside filled d-subshells. Moreover,
none of their compounds have
unfilled d-levels, and the metals are
regarded as nontransition elements.
They now form group 12 and are
sometimes called the zinc group. Zinc
and cadmium are relatively elec-
tropositive metals, forming com-
pounds containing divalent ions Zn?*
or Cd?*. Mercury is more unreactive
and also unusual in forming mer-
cury(l) compounds, which contain
the ion Hg,?*.
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groups 3-12 See TRANSITION EL-
EMENTS.

group 13 elements A group of el-
ements in the *periodic table: boron
(B), aluminium (Al), gallium (Ga), in-
dium (In), and thallium (T1), which all
have outer electronic configurations
ns?np! with no partly filled inner lev-
els. They are the first members of the
p-block. The group differs from the
alkali metals and alkaline-earth met-
als in displaying a considerable varia-
tion in properties as the group is
descended. Formerly, they were
classified in group III, which con-
sisted of two subgroups: group IIIB
(the main group) and group IIIA.
Group IIIA consisted of scandium
(Sc), yttrium (Yt), and lanthanum (La),
which are generally considered with
the *lanthanoids, and actinium (Ac),
which is classified with the *acti-
noids. Scandium and yttrium now be-
long to group 3 (along with lutetium
and lawrencium).

Boron has a small atomic radius
and a relatively high ionization en-
ergy. In consequence its chemistry is
largely covalent and it is generally
classed as a metalloid. It forms a
large number of volatile hydrides,
some of which have the uncommon
bonding characteristic of *electron-
deficient compounds. It also forms a
weakly acidic oxide. In some ways,
boron resembles silicon (see DIAGO-
NAL RELATIONSHIP).

As the group is descended, atomic
radii increase and ionization energies
are all lower than for boron. There is
an increase in polar interactions and
the formation of distinct M3* ions.
This increase in metallic character is
clearly illustrated by the increasing
basic character of the hydroxides:
boron hydroxide is acidic, aluminium
and gallium hydroxides are ampho-
teric, indium hydroxide is basic, and
thallium forms only the oxide. As the

elements of group 13 have a vacant
p-orbital they display many electron-
acceptor properties. For example,
many boron compounds form
adducts with donors such as ammo-
nia and organic amines (acting as
Lewis acids). A large number of com-
plexes of the type [BE,|, [AICL],
[InClyJ", [T1L,]~ are known and the
heavier members can expand their
coordination numbers to six as in
[AlF¢]*- and [TIClg]>-. This acceptor
property is also seen in bridged
dimers of the type Al,Cls. Another
feature of group 13 is the increasing
stability of the monovalent state
down the group. The electron
configuration ns?np?! suggests that
only one electron could be lost or
shared in forming compounds. In
fact, for the lighter members of the
group the energy required to pro-
mote an electron from the s-subshell
to a vacant p-subshell is small. It is
more than compensated for by the
resulting energy gain in forming
three bonds rather than one. This en-
ergy gain is less important for the
heavier members of the group. Thus,
aluminium forms compounds of the
type AICl in the gas phase at high
temperatures. Gallium similarly
forms such compounds and
gallium(I) oxide (Ga,0) can be iso-
lated. Indium has a number of
known indium(I) compounds (e.g.
InCl, In,0, In;[In"Clg]). Thallium has
stable monovalent compounds. In
aqueous solution, thallium(I) com-
pounds are more stable than the cor-
responding thallium(IIl) compounds.
See INERT-PAIR EFFECT.

group 14 elements A group of el-
ements in the *periodic table: carbon
(C), silicon (Si), germanium (Ge), tin
(Sn), and lead (Pb), which all have
outer electronic configurations ns?np?
with no partly filled inner levels. For-
merly, they were classified in group



255

group 16 elements

IV, which consisted of two sub-
groups: IVB (the main group) and
group IVA. Group IVA consisted of ti-
tanium (Ti), zirconium (Zr), and
hafnium (Hf), which now form group
4 and are generally considered with
the *transition elements.

The main valency of the elements
is 4, and the members of the group
show a variation from nonmetallic to
metallic behaviour in moving down
the group. Thus, carbon is a non-
metal and forms an acidic oxide
(CO,) and a neutral oxide. Carbon
compounds are mostly covalent. One
allotrope (diamond) is an insulator,
although graphite is a fairly good
conductor. Silicon and germanium
are metalloids, having semiconduc-
tor properties. Tin is a metal, but
does have a nonmetallic allotrope
(grey tin). Lead is definitely a metal.
Another feature of the group is the
tendency to form divalent com-
pounds as the size of the atom in-
creases. Thus carbon has only the
highly reactive carbenes. Silicon
forms analogous silylenes. Germa-
nium has an unstable hydroxide
(Ge(OH),), a sulphide (GeS), and
halides. The sulphide and halides dis-
proportionate to germanium and the
germanium(IV) compound. Tin has a
number of tin(II) compounds, which
are moderately reducing, being oxi-
dized to the tin(IV) compound. Lead
has a stable lead(II) state. See INERT-
PAIR EFFECT.

In general, the reactivity of the el-
ements increases down the group
from carbon to lead. All react with
oxygen on heating. The first four
form the dioxide; lead forms the
monoxide (i.e. lead(Il) oxide, PbO).
Similarly, all will react with chlorine
to form the tetrachloride (in the case
of the first four) or the dichloride (for
lead). Carbon is the only one capable
of reacting directly with hydrogen.
The hydrides all exist from the stable

methane (CH,) to the unstable
plumbane (PbH,).

group 15 elements A group of el-
ements in the *periodic table: nitro-
gen (N), phosphorus (P), arsenic (As),
antimony (Sb), and bismuth (Bi),
which all have outer electronic
configurations ns?np® with no partly
filled inner levels. Formerly, they
were classified in group V, which
consisted of two subgroups: group VB
(the main group) and group VA.
Group VA consisted of vanadium (V),
niobium (Nb), and tantalum (Ta),
which are generally considered with
the *transition elements:

The lighter elements (N and P) are
nonmetals; the heavier elements are
metalloids. The lighter elements are
electronegative in character and have
fairly large ionization energies. Nitro-
gen has a valency of 3 and tends to
form covalent compounds. The other
elements have available d-sublevels
and can promote an s-electron into
one of these to form compounds
with the V oxidation state. Thus,
they have two oxides P,0;, P,Os,
Sb,0,, Sb,0s, etc. In the case of bis-
muth, the pentoxide Bi,Os is difficult
to prepare and unstable - an exam-
ple of the increasing stability of the
III oxidation state in going from
phosphorus to bismuth. The oxides
also show how there is increasing
metallic (electropositive) character
down the group. Nitrogen and phos-
phorus have oxides that are either
neutral (N,O, NO) or acidic. Bismuth
trioxide (Bi,O;) is basic. Bismuth is
the only member of the group that
forms a well-characterized positive
ion Bi®*.
group 16 elements A group of el-
ements in the *periodic table: oxy-
gen (O), sulphur (S), selenium (Se),
tellurium (Te), and polonium (Po),
which all have outer electronic
configurations ns?np* with no partly
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filled inner levels. They are also
called the chalcogens. Formerly, they
were classified in group VI, which
consisted of two subgroups: group
VIB (the main group) and group VIA.
Group VIA consisted of chromium
(Cr), molybdenum (Mo), and tungsten
(W), which now form group 6 are
generally classified with the *transi-
tion elements.

The configurations are just two
electrons short of the configuration
of a noble gas and the elements are
characteristically electronegative and
almost entirely nonmetallic. Ioniza-
tion energies are high, (O 1314 to Po
813 k] mol™') and monatomic cations
are not known. Polyatomic cations
do exist, e.g. O,%, Sg?*, Seg?*, Te,>".
Electronegativity decreases down the
group but the nearest approach to
metallic character is the occurrence
of ‘metallic’ allotropes of selenium,
tellurium, and polonium along with
some metalloid properties, in partic-
ular, marked photoconductivity. The
elements of group 16 combine with a
wide range of other elements and the
bonding is largely covalent. The el-
ements all form hydrides of the type
XH,. Apart from water, these ma-
terials are all toxic foul-smelling
gases; they show decreasing thermal
stability with increasing relative
atomic mass of X. The hydrides dis-
solve in water to give very weak
acids (acidity increases down the
group). Oxygen forms the additional
hydride H,0, (hydrogen peroxide),
but sulphur forms a range of sul-
phanes, such as H,S,, H,S,, H,Se.

Oxygen forms the fluorides O,F,
and OF,, both powerful fluorinating
agents; sulphur forms analogous
fluorides along with some higher
fluorides, S,F,, SF,, SF,, SFg, S,F,. Se-
lenium and tellurium form only the
higher fluorides MF, and MFg; this is
in contrast to the formation of lower
valence states by heavier elements

observed in groups 13, 14, and 15.
The chlorides are limited to M,Cl,
and MCl,; the bromides are similar
except that sulphur only forms S,Br,.
All metallic elements form oxides
and sulphides and many form se-
lenides.

group 17 elements A group of el-
ements in the *periodic table:
fluorine (F), chlorine (Cl), bromine
(Br), iodine (I), and astatine (At). They
are known as the *halogens. For-
merly, they were classified in group
VII, which consisted of two sub-
groups: group VIIB (the main group)
and group VIIA. Group VIIA consisted
of the elements manganese (Mn),
technetium (Te), and rhenium (Re),
which now form group 7 and are
usually considered with the transi-
tion elements.

group 18 elements A group of el-
ements in the *periodic table: he-
lium (He), neon (Ne), argon (Ar),
krypton (Kr), xenon (Xe), and radon
(Rn). Formerly classified as group 0
elements, they are usually referred to
as the *noble gases.

group representation A group of
mathematical objects that is homo-
morphic to (i.e. has the same mathe-
matical structure as) the original
group. In particular, group represen-
tations made up of square matrices
are of interest. The dimension of the
representation is the number of rows
or group representation columns of
the matrix. The *irreducible repre-
sentations of a group, i.e. the repre-
sentations that cannot be expressed
in terms of lower-dimensional repre-
sentations, are of great importance
in quantum mechanics since the en-
ergy levels of a quantum mechanical
system are labelled by the irreducible
representations of the symmetry
group of the system. This enables
*selection rules for the system to be
derived.
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gyromagnetic ratio

GSC (gas-solid chromatography) See
GAS CHROMATOGRAPHY.

G-series See¢ NERVE AGENTS.

guanidine A crystalline basic com-
pound HN:C(NH,),, related to urea.

guanine A *purine derivative. It is
one of the major component bases of
*nucleotides and the nucleic acids
*DNA and *RNA.

gum Any of a variety of substances
obtained from plants. Typically they
are insoluble in organic solvents but
form gelatinous or sticky solutions
with water. Gum resins are mixtures
of gums and natural resins. Gums are
produced by the young xylem vessels
of some plants (mainly trees) in re-
sponse to wounding or pruning. The
exudate hardens when it reaches the
plant surface and thus provides a
temporary protective seal while the
cells below divide to form a perma-
nent repair. Excessive gum formation
is a symptom of some plant diseases.

guncotton See CELLULOSE NITRATE.
gun metal A type of bronze usually

containing 88-90% copper, 8-10% tin,
and 2-4% zinc. Formerly used for can-
nons, it is still used for bearings and
other parts that require high resis-
tance to wear and corrosion.

gunpowder An explosive consist-
ing of a mixture of potassium nitrate,
sulphur, and charcoal.

gypsum A monoclinic mineral
form of hydrated *calcium sulphate,
CaS0,.2H,0. It occurs in five vari-
eties: rock gypsum, which is often
red stained and granular; gypsite, an
impure earthy form occurring as a
surface deposit; alabaster, a pure
fine-grained translucent form; satin
spar, which is fibrous and silky; and
selenite, which occurs as transparent
crystals in muds and clays. It is used
in the building industry and in the
manufacture of cement, rubber,
paper, and plaster of Paris.

gyromagnetic ratio Symbol .
The ratio of the angular momentum
of an atomic system to its magnetic
moment. The inverse of the gyro-
magnetic ratio is called the magneto-
mechanical ratio.



Haber, Fritz (1868-1934) German
chemist who worked at the Karl-
sruhe Technical Institute, where he
perfected the *Haber process for
making ammonia in 1908. As a Jew,
he left Germany in 1933 to go into
exile in Britain, working in Cam-
bridge at the Cavendish Laboratory.
For his Haber process, he was
awarded the 1918 Nobel Prize for
chemistry.

Haber process An industrial
process for producing ammonia by
reaction of nitrogen with hydrogen:
N, + 3H, == 2NH,
The reaction is reversible and
exothermic, so that a high yield of
ammonia is favoured by low temper-
ature (see LE CHATELIER’S PRINCIPLE).
However, the rate of reaction would
be too slow for equilibrium to be
reached at normal temperatures, so
an optimum temperature of about
450°C is used, with a catalyst of iron
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containing potassium and alu-
minium oxide promoters. The higher
the pressure the greater the yield, al-
though there are technical difficul-
ties in using very high pressures. A
pressure of about 250 atmospheres is
commonly employed.

The process is of immense impor-
tance for the fixation of nitrogen for
fertilizers. It was developed in 1908
by Fritz *Haber and was developed
for industrial use by Carl Bosch
(1874-1940), hence the alternative
name Haber-Bosch process. The ni-
trogen is obtained from liquid air.
Formerly, the hydrogen was from
*water gas and the water-gas shift
reaction (the Bosch process) but now
the raw material (called synthesis
gas) is obtained by steam *reforming
natural gas.

habit See CRYSTAL.

haem (heme) An iron-containing
molecule that binds with proteins as
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a *cofactor or *prosthetic group to
form the haemoproteins. These are
*haemoglobin, *myoglobin, and the
*cytochromes. Essentially, haem
comprises a *porphyrin with its four
nitrogen atoms holding the iron(II)
atom as a chelate. This iron can re-
versibly bind oxygen (as in haemo-
globin and myoglobin) or (as in the
cytochromes) conduct electrons by
conversion between the iron(Il) and
iron(IIl) series.

haematin test (Teichmann test) A
test for blood using the presence of
characteristic haematin crystals. It
was introduced in 1853 by Ludwig
Teichmann.

haematite A mineral form of
iron(Ill) oxide, Fe,Os. It is the most
important ore of iron and usually oc-
curs in two main forms: as a massive
red kidney-shaped ore (kidney ore)
and as grey to black metallic crystals
known as specular iron ore.
Haematite is the major red colour-
ing agent in rocks; the largest de-
posits are of sedimentary origin. In
industry haematite is also used as a
polishing agent (jeweller’s rouge) and
in paints.

haemochromogen test
(Takayama test) A test used to
confirm the presence of blood. It

is a microcrystal test exploiting

the characteristic appearance of
haemochromogen crystals observed
under a microscope. The rest was in-
troduced in Japan in 1912 by Masao
Takayama.

haemoerythrin A red iron-contain-
ing respiratory pigment that occurs
in the blood of annelids and some
other invertebrates. Its structure is
essentially the same as that of
*haemoglobin except the prosthetic
group has a different chemical com-
position.

haemoglobin One of a group of

globular proteins occurring widely in
animals as oxygen carriers in blood.
Vertebrate haemoglobin comprises
two pairs of polypeptide chains,
known as a-chains and -chains
(forming the globin protein), with
each chain folded to provide a bind-
ing site for a *haem group. Each of
the four haem groups binds one
oxygen molecule to form oxy-
haemoglobin. Dissociation occurs in
oxygen-depleted tissues: oxygen is re-
leased and haemoglobin is reformed.
The haem groups also bind other in-
organic molecules, including carbon
monoxide (to form carboxyhaemo-
globin). In vertebrates, haemoglobin
is contained in the red blood cells
(erythrocytes).

haemoglobinic acid A very weak
acid formed inside red blood cells
when hydrogen ions combine with
haemoglobin. The presence of the
hydrogen ions, which are produced
by the dissociation of carbonic acid,
encourages oxyhaemoglobin to disso-
ciate into haemoglobin and oxygen.
The oxygen diffuses into the tissue
cells and the haemoglobin acts as a
*buffer for the excess hydrogen ions,
which it takes up to form haemoglo-
binic acid.

hafnium Symbol Hf. A silvery lus-
trous metallic *transition element;
a.n. 72; ra.m. 178.49; r.d. 13.3; m.p.
2227+20°C; b.p. 4602°C. The element
is found with zirconium and is ex-
tracted by formation of the chloride
and reduction by the Kroll process. It
is used in tungsten alloys in filaments
and electrodes and as a neutron ab-
sorber. The metal forms a passive
oxide layer in air. Most of its com-
pounds are hafnium(IV) complexes;
less stable hafnium(IIl) complexes
also exist. The element was first re-
ported by Urbain in 1911, and its ex-
istence was finally established by
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Dirk Coster (1889-1950) and George
de Hevesey (1885-1966) in 1923.

[ §)) see wes Lnks |

¢ Information from the WebElements site
Hahn, Otto (1879-1968) German
chemist, who studied in London
(with William *Ramsay) and Canada
(with Ernest *Rutherford) before re-
turning to Germany in 1907. In 1917,
together with Lise *Meitner, he dis-
covered protactinium. In the late
1930s he collaborated with Fritz
Strassmann (1902-80) and in 1938
bombarded uranium with slow neu-
trons. Among the products was bar-
ium, but it was Meitner (now in
Sweden) who the next year inter-
preted the process as nuclear fission.
In 1944 Hahn received the Nobel
Prize for chemistry.

hahnium Se¢ TRANSACTINIDE EL-
EMENTS.

half cell An electrode in contact
with a solution of ions, forming part
of a *cell. Various types of half cell
exist, the simplest consisting of a
metal electrode immersed in a solu-
tion of metal ions. Gas half cells have
a gold or platinum plate in a solution
with gas bubbled over the metal
plate. The commonest is the *hydro-
gen half cell. Half cells can also be
formed by a metal in contact with an
insoluble salt or oxide and a solution.
The *calomel half cell is an example
of this. Half cells are commonly re-
ferred to as electrodes.

half chair See RING CONFORMA-
TIONS.

half-life See DECAY.

half sandwich Se¢ SANDWICH coMm-
POUND.

half-thickness The thickness of a
specified material that reduces the in-
tensity of a beam of radiation to half
its original value.

half-width Half the width of a
spectrum line (or in some cases the
full width) measured at half its height.

halide A compound of a halogen
with another element or group. The
halides of typical metals are ionic
(e.g. sodium fluoride, Na*F-). Metals
can also form halides in which the
bonding is largely covalent (e.g. alu-
minium chloride, AlCl;). Organic com-
pounds are also sometimes referred
to as halides; e.g. the alkyl halides
(see HALOALKANES) and the *acyl
halides. Halides are named fluorides,
chlorides, bromides, or iodides.

halite (rock salt) Naturally occur-
ring *sodium chloride (common salt,
NacCl), crystallizing in the cubic sys-
tem. It is chiefly colourless or white
(sometimes blue) when pure but the
presence of impurities may colour it
grey, pink, red, or brown. Halite
often occurs in association with an-
hydrite and gypsum.

Hall-Heroult cell An electrolytic
cell used industrially for the extrac-
tion of aluminium from bauxite. The
bauxite is first purified by dissolving
it in sodium hydroxide and filtering
off insoluble constituents. Alu-
minium hydroxide is then precipi-
tated (by adding CO,) and this is
decomposed by heating to obtain
pure AL,Os. In the Hall-Heroult cell,
the oxide is mixed with cryolite (to
lower its melting point) and the
molten mixture electrolysed using
graphite anodes. The cathode is the
lining of the cell, also of graphite.
The electrolyte is kept in a molten
state (about 850°C) by the current.
Molten aluminium collects at the
bottom of the cell and can be tapped
off. Oxygen forms at the anode, and
gradually oxidizes it away. The cell is
named after the US chemist Charles
Martin Hall (1863-1914), who discov-
ered the process in 1886, and the
French chemist Paul Heroult (1863-
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1914), who discovered it indepen-
dently in the same year.

hallucinogen A drug or chemical
that causes alterations in perception
(usually visual), mood, and thought.
Common hallucinogenic drugs in-
clude *lysergic acid diethylamide
(LSD) and mescaline. There is no
common mechanism of action for
this class of compounds although
many hallucinogens are structurally
similar to neurotransmitters in the
central nervous system, such as sero-
tonin and the catecholamines.

halo A broad ring appearing in the
electron diffraction, neutron diffrac-
tion, or X-ray diffraction patterns of
materials that are not crystals. Haloes
of this type occur in gases and liquids
as well as in noncrystalline solids.

haloalkanes (alkyl halides) Organic
compounds in which one or more
hydrogen atoms of an alkane have
been substituted by halogen atoms.
Examples are chloromethane, CH;Cl,
dibromoethane, CH,BrCH,Br, etc.
Haloalkanes can be formed by direct
reaction between alkanes and halo-
gens using ultraviolet radiation. They
are usually made by reaction of an al-
cohol with a halogen carrier.

halocarbons Compounds that con-
tain carbon and halogen atoms and
(sometimes) hydrogen. The simplest
are compounds such as tetra-
chloromethane (CCl,), tetrabro-
momethane (CBr,), etc. The
*haloforms are also simple halocar-
bons. The *chlorofluorocarbons
(CFCs) contain carbon, chlorine, and
fluorine. Similar to these are hy-
drochlorofluorocarbons (HCFCs),
which contain carbon, chlorine,
fluorine, and hydrogen, and the hy-
drofluorocarbons (HFCs), which con-
tain carbon, fluorine, and hydrogen.
The *halons are a class of halocar-
bons that contain bromine.

haloform reaction A reaction for
producing *haloforms from methyl
ketones. An example is the produc-
tion of chloroform from propanone
using sodium chlorate(I) (or bleach-
ing powder):
CH;COCH; + 3NaOCl — CH;3COCl,
+ 3NaOH

The substituted ketone then reacts to
give chloroform (trichloromethane):

CH,COCCl, + NaOH — NaOCOCH,
+ CHCl,

The reaction can also be used for
making carboxylic acids, since
RCOCH; gives the product NaOCOR.
It is particularly useful for aromatic
acids as the starting ketone can be
made by a Friedel-Crafts acylation.

The reaction of methyl ketones
with sodium iodate(I) gives iodoform
(triiodomethane), which is a yellow
solid with a characteristic smell. This
reaction is used in the iodoform test
to identify methyl ketones. It also
gives a positive result with a sec-
ondary alcohol of the formula
RCH(OH)CH; (which is first oxidized
to a methylketone) or with ethanol
(oxidized to ethanal, which also un-
dergoes the reaction).

haloforms The four compounds
with formula CHX;, where X is a
halogen atom. They are chloroform
(CHCl), and, by analogy, fluoroform
(CHF;), bromoform (CHBr;), and iod-
oform (CHI;). The systematic names
are trichloromethane, trifluoro-
methane, etc.

halogenating agent See HALO-
GENATION.

halogenation A chemical reaction
in which a halogen atom is intro-
duced into a compound. Halogena-
tions are described as chlorination,
fluorination, bromination, etc., ac-
cording to the halogen involved.
Halogenation reactions may take
place by direct reaction with the
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halogen. This occurs with alkanes,
where the reaction involves free radi-
cals and requires high temperature,
ultraviolet radiation, or a chemical
initiator; e.g.

C,H¢ + Br, —» C,HsBr + HBr
The halogenation of aromatic com-
pounds can be effected by elec-
trophilic substitution using an
aluminium chloride catalyst:

CeHs + Cl, — CcHsCl + HC1
Halogenation can also be carried out
using compounds, such as phospho-
rus halides (e.g. PCl;) or sulphur di-
halide oxides (e.g. SOCL,), which react
with -OH groups. Such compounds
are called halogenating agents. Addi-
tion reactions are also referred to as
halogenations; e.g.

C,H, + Br, — CH,BrCH,Br

halogens (group 17 elements) A
group of elements in the *periodic
table (formerly group VIIB): fluorine
(F), chlorine (Cl), bromine (Br), iodine
(I), and astatine (At). All have a char-
acteristic electron configuration of
noble gases but with outer ns?np®
electrons. The outer shell is thus one
electron short of a noble-gas configu-
ration. Consequently, the halogens
are typical nonmetals; they have
high electronegativities - high elec-
tron affinities and high ionization en-
ergies. They form compounds by
gaining an electron to complete the
stable configuration; i.e. they are
good oxidizing agents. Alternatively,
they share their outer electrons to
form covalent compounds, with sin-
gle bonds.

All are reactive elements with the
reactivity decreasing down the
group. The electron affinity decreases
down the group and other properties
also show a change from fluorine to
astatine. Thus, the melting and boil-
ing points increase; at 20°C, fluorine
and chlorine are gases, bromine a lig-

uid, and iodine and astatine are
solids. All exist as diatomic mol-
ecules.

The name ‘halogen’ comes from
the Greek ‘salt-producer’, and the el-
ements react with metals to form
ionic halide salts. They also combine
with nonmetals, the activity decreas-
ing down the group: fluorine reacts
with all nonmetals except nitrogen
and the noble gases helium, neon,
and argon; iodine does not react with
any noble gas, nor with carbon, ni-
trogen, oxygen, or sulphur. The el-
ements fluorine to iodine all react
with hydrogen to give the acid, with
the activity being greatest for
fluorine, which reacts explosively.
Chlorine and hydrogen react slowly
at room temperature in the dark
(sunlight causes a free-radical chain
reaction). Bromine and hydrogen
react if heated in the presence of a
catalyst. lodine and hydrogen react
only slowly and the reaction is not
complete. There is a decrease in oxi-
dizing ability down the group from
fluorine to iodine. As a consequence,
each halogen will displace any halo-
gen below it from a solution of its
salt, for example:

Cl, + 2Br- — Br, + 2ClI-

The halogens also form a wide vari-
ety of organic compounds in which
the halogen atom is linked to carbon.
In general, the aryl compounds are
more stable than the alkyl com-
pounds and there is decreasing resis-
tance to chemical attack down the
group from the fluoride to the iodide.
Fluorine has only a valency of 1, al-
though the other halogens can have
higher oxidation states using their
vacant d-electron levels. There is also
evidence for increasing metallic be-
haviour down the group. Chlorine
and bromine form compounds with
oxygen in which the halogen atom is
assigned a positive oxidation state.
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Only iodine, however, forms positive
ions, as in [*NO;™.

halon A compound obtained by re-
placing the hydrogen atoms of a hy-
drocarbon by bromine along with
other halogen atoms (see HALOCAR-
BONS), for instance halon 1211 is bro-
mochlorodifluoromethane (CF,BrCl)
and halon 1301 is bromotrifluoro-
methane (CF;Br). Halons are very sta-
ble and unreactive and are widely
used in fire extinguishers. There is
concern that they are being broken
down in the atmosphere to bromine,
which reacts with ozone, leading to
depletion of *ozone layer, and their
use is being curtailed. Although more
*chlorofluorocarbons are present in
the atmosphere, halons are between
three and ten times more destructive
of ozone.

halothane (1-chloro-1-bromo-2,2,2,-
trifluoroethane) A colourless, non-
flammable oily liquid, CHBrCICF;;
b.p. 51°C. It smells like trichloro-
methane and has a sickly burning
taste. Halothane is widely used as a
general anaesthetic, often adminis-
tered also with oxygen and dinitro-
gen oxide.

Hamiltonian Symbol H. A function
used to express the energy of a sys-
tem in terms of its momentum and
positional coordinates. In simple
cases this is the sum of its kinetic
and potential energies. In Hamilton-
ian equations, the usual equations
used in mechanics (based on forces)
are replaced by equations expressed
in terms of momenta. This method
of formulating mechanics (Hamilton-
ian mechanics) was first introduced
by Sir William Rowan Hamilton
(1805-65). The Hamiltonian operator
is used in quantum mechanics in the
*Schrodinger equation.

Hammett equation An equation
relating the structure to the reactiv-

ity of side-chain derivatives of aro-
matic compounds. It arises from a
comparison between rate constants
for various reactions with the rate of
hydrolysis of benzyl chloride on the
one hand and a comparison between
equilibrium constants (such as the
dissociation constant of benzoic acid)
on the other hand. The Hammett
equation can be written in the form
log(k[k,) = plog(K/K,), where log(K/K,)
refers to comparing dissociation con-
stants to the dissociation constant,
K,, of benzoic acid in water at 25°C,
and log(k/k,) refers to comparing
rates of reaction to the rate, ko, of hy-
drolysis of benzyl chloride. The term
log(K/K,) = o is called the substituent
constant, since the nature of the sub-
stituent affects the strength of the
benzoic acid. If ¢ is positive, the sub-
stituent is electron attracting, while
if 6 is negative the substituent is elec-
tron donating. p is a reaction con-
stant, which is determined for a
given reaction by the slope of a
graph of log(k[k,) against 6. The nu-
merical value of p depends on tem-
perature and the type of solvent.

The Hammett equation applies to
meta- and para- substituents (pro-
vided that resonance interaction
from the substituents does not occur)
but not to ortho-substituents.

Hantz-Widman system A system
for naming heterocyclic compounds,
independently introduced for nam-
ing 5- and 6- membered nitrogen
monocyclic compounds by A.
Hantzsch (1887) and O. Widman
(1888). Subsequently it was extended
to other ring sizes and other hetero-
atoms. It is based on prefixes denot-
ing the hetero atoms(s) (e.g. aza- for
nitrogen, thia- for sulphur, oxa- for
oxygen), and items denoting ring
size and saturation. For example, 4-
membered rings have ete for unsatu-
rated rings and etane for saturated;
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5- membered rings have ole for un-
saturated and olane for saturated
compounds. Rules are given for nam-
ing compounds with two or more
different heteroatoms and for num-
bering the atoms. The system is
widely used both for monocyclic
compounds and for heterocyclic com-
ponents of polycyclic compounds.

[ @) see wes ks ]

¢ Information about IUPAC nomenclature

hapticity Symbol n. The number of
electrons in a ligand that are directly
coordinated to a metal.

hard acid See HSAB PRINCIPLE.
hard base Sece HSAB PRINCIPLE.

hardening of oils The process of
converting unsaturated esters of
*fatty acids into (more solid) satu-
rated esters by hydrogenation using a
nickel catalyst. It is used in the man-
ufacture of margarine from vegetable
oils.

hardness of water The presence
in water of dissolved calcium or mag-
nesium ions, which form a scum
with soap and prevent the formation
of a lather. The main cause of hard
water is dissolved calcium hydrogen-
carbonate (Ca(HCOs),), which is
formed in limestone or chalk regions
by the action of dissolved carbon
dioxide on calcium carbonate. This
type is known as temporary hardness
because it is removed by boiling:

Ca(HCO3),(aq) — CaCO4(s) + H,O(1)

+COs(g)

The precipitated calcium carbonate is
the “fur’ (or ‘scale’) formed in kettles,
boilers, pipes, etc. In some areas,
hardness also results from dissolved
calcium sulphate (CaSO,), which can-
not be removed by boiling (perma-
nent hardness).

Hard water is a considerable prob-
lem in washing, reducing the effi-
ciency of boilers, heating systems,

etc., and in certain industrial
processes. Various methods of water
softening are used. In public sup-
plies, the temporary hardness can be
removed by adding lime (calcium hy-
droxide), which precipitates calcium
carbonate

Ca(OH),(aq) + Ca(HCO;),(aq) —

2CaCOs4(s) + 2H,0(1)

This is known as the Clark process (or
as ‘clarking’). It does not remove per-
manent hardness. Both temporary
and permanent hardness can be
treated by precipitating calcium car-
bonate by added sodium carbonate -
hence its use as a washing soda and
in bath salts. Calcium (and other)
ions can also be removed from water
by ion-exchange using zeolites (e.g.
Permutit). This method is used in
small domestic water-softeners. An-
other technique is not to remove the
Ca?* ions but to complex them and
prevent them reacting further. For
domestic use polyphosphates (con-
taining the ion P¢O,5%, e.g. Calgon)
are added. Other sequestering agents
are also used for industrial water. See
also SEQUESTRATION.

Hargreaves process See POTAS-
SIUM SULPHATE.

harmonic An oscillation having a
frequency that is a simple multiple
of a fundamental sinusoidal oscilla-
tion. The fundamental frequency of a
sinusoidal oscillation is usually called
the first harmonic. The second har-
monic has a frequency twice that of
the fundamental, and so on.

harmonic oscillator A system that
oscillates with simple harmonic mo-
tion. The harmonic oscillator is ex-
actly soluble in both classical
mechanics and quantum mechanics.
Many systems exist for which har-
monic oscillators provide very good
approximations. Atoms vibrating
about their mean positions in mol-
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ecules or crystal lattices at low tem-
peratures can be regarded as good ap-
proximations to harmonic oscillators
in quantum mechanics. Even if a sys-
tem is not exactly a harmonic oscilla-
tor the solution of the harmonic
oscillator is frequently a useful start-
ing point for treating such systems
using *perturbation theory. Compare
ANHARMONIC OSCILLATOR.

harpoon mechanism A mecha-
nism suggested to explain the reac-
tion between such metal atoms as
sodium or potassium and such halo-
gen molecules as bromine, e.g. K +
Br, — KBr + Br. As the alkali atom ap-
proaches the bromine molecule its
valence electron moves to the
bromine molecule (thus providing a
‘harpoon’). There are then two ions
with a Coulomb attraction between
them. As a result the ions move to-
gether and the reaction takes place.
This mechanism, which has been
worked out quantitatively, explains
why the reaction occurs far more
readily than might be expected tak-
ing into account only mechanical col-
lisions between the alkali-metal
atoms and halogen molecules.

Hartree-Fock procedure A self-
consistent field (SCF) procedure used
to find approximate *wave functions
and energy levels in many-electron
atoms. This procedure was intro-
duced by the English mathematician
and physicist Douglas Hartree in
1928 and improved by the Soviet
physicist Vladimir Fock in 1930 (by
taking into account the Pauli exclu-
sion principle). The initial wave func-
tions can be taken to be hydrogenic
atomic orbitals. The resulting equa-
tions can be solved numerically using
a computer. The results of the
Hartree-Fock theory are sufficiently
accurate to show that electron den-
sity occurs in shells around atoms

and can be used quantitatively to
show chemical periodicity.

hashish See CANNABIS.

hassium Symbol Hs. A radioactive
*transactinide element; a.n. 108. It
was first made in 1984 by Peter Arm-
bruster and a team in Darmstadt,
Germany. It can be produced by bom-
barding lead-208 nuclei with iron-58
nuclei. Only a few atoms have ever
been produced. The name comes
from the Latinized form of Hesse, the
German state where it was first syn-
thesized.

[ @) see wes s ]

¢ Information from the WebElements site
hazchem code (emergency action
code; EAC) A code designed to be dis-
played when hazardous chemicals
are transported or stored in bulk. It is
used to help the emergency services
to take action quickly in any acci-
dent. The code consists of a number
followed by one or two letters. The
number indicates the type of sub-
stance to be used in treating the acci-
dent (e.g. stream of water, fine spray,
foam, dry agent). The first letter indi-
cates the type of protective clothing
needed along with information about
the possibility of violent reaction on
whether the substance should be
contained or diluted. The second let-
ter, where it exists, is letter E, indi-
cating that people have to be
evacuated from the neighbourhood
of the incident. In the UK, the code is
usually displayed as part of a panel,
which includes an international UN
number for the substance, a tele-
phone number for specialist advice,
the company name, and a symbol in-
dicating the danger (e.g., a skull and
crossbones for toxic substances).

HCFC (hydrochlorofluorocarbon) See
HALOCARBONS.
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h.c.p. Hexagonal close packing. See
CLOSE PACKING.

headspace The space above a sam-
ple held in a sealed container. Head-
space analysis is used in forensic
science to investigate the volatile
constituents of a sample.

heat capacity (thermal capacity)
The ratio of the heat supplied to an
object or specimen to its consequent
rise in temperature. The specific heat
capacity is the ratio of the heat sup-
plied to unit mass of a substance to
its consequent rise in temperature.
The molar heat capacity is the ratio
of the heat supplied to unit amount
of a substance to its consequent rise
in temperature. In practice, heat ca-
pacity (C) is measured in joules per
kelvin, specific heat capacity (c) in

JK kg, and molar heat capacity
(C,n) in JK-! mol-. For a gas, the val-
ues of cand C,, are commonly given
either at constant volume, when only
its *internal energy is increased, or
at constant pressure, which requires
a greater input of heat as the gas is
allowed to expand and do work
against the surroundings. The sym-
bols for the specific and molar heat
capacities at constant volume are c,
and C,, respectively; those for the
specific and molar heat capacities at
constant pressure are ¢, and C,.

heat engine A device for convert-
ing heat into work. Engines usually
work on cycles of operation, the
most efficient of which would be the
*Carnot cycle.

heat of atomization The energy
required to dissociate one mole of a
given substance into atoms.

heat of combustion The energy
liberated when one mole of a given
substance is completely oxidized.

heat of crystallization The en-
ergy liberated when one mole of a

given substance crystallizes from a
saturated solution of the same sub-
stance.

heat of dissociation The energy
absorbed when one mole of a given
substance is dissociated into its con-
stituent elements.

heat of formation The energy lib-
erated or absorbed when one mole of
a compound is formed in their *stan-
dard states from its constituent el-
ements.

heat of neutralization The en-
ergy liberated in neutralizing one
mole of an acid or base.

heat of reaction The energy liber-
ated or absorbed as a result of the
complete chemical reaction of molar
amounts of the reactants.

heat of solution The energy liber-
ated or absorbed when one mole of a
given substance is completely dis-
solved in a large volume of solvent
(strictly, to infinite dilution).

heavy hydrogen See DEUTERTUM.

heavy metal A metal with a high
relative atomic mass. The term is
usually applied to common transition
metals, such as copper, lead, and
zinc. These metals are a cause of en-
vironmental *pollution (heavy-metal
pollution) from a number of sources,
including lead in petrol, industrial
effluents, and leaching of metal ions
from the soil into lakes and rivers by
acid rain.

heavy spar A mineral form of
*barium sulphate, BaSO,.

heavy water (deuterium oxide)
Water in which hydrogen atoms, 'H,
are replaced by the heavier isotope
deuterium, 2H (symbol D). It is a
colourless liquid, which forms hexag-
onal crystals on freezing. Its physical
properties differ from those of ‘nor-
mal’ water; r.d. 1.105; m.p. 3.8°C; b.p.
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101.4°C. Deuterium oxide, D,0, oc-
curs to a small extent (about 0.003%
by weight) in natural water, from
which it can be separated by frac-
tional distillation or by electrolysis. It
is useful in the nuclear industry be-
cause of its ability to reduce the ener-
gies of fast neutrons to thermal
energies and because its absorption
cross-section is lower than that of hy-
drogen and consequently it does not
appreciably reduce the neutron flux.
In the laboratory it is used for *la-
belling other molecules for studies of
reaction mechanisms. Water also
contains the compound HDO.

hecto- Symbol h. A prefix used in
the metric system to denote 100
times. For example, 100 coulombs =
1 hectocoulomb (hC).

Heisenberg, Werner Karl
(1901-76) German physicist, who be-
came a professor at the University of
Leipzig and, after World War II, at
the Kaiser Wilhelm Institute in Got-
tingen. In 1923 he was awarded the
Nobel Prize for his work on matrix
mechanics. But he is best known for
his 1927 discovery of the *uncer-
tainty principle.

Heisenberg uncertainty princi-
ple See UNCERTAINTY PRINCIPLE.

helicate A type of inorganic mol-
ecule containing a double helix of
bipyridyl-derived molecules formed
around a chain of up to five copper(])
ions. See also SUPRAMOLECULAR CHEM-
ISTRY.

helium Symbol He. A colourless
odourless gaseous nonmetallic el-
ement belonging to group 18 of the
periodic table (see NOBLE GASES); a.n.
2; r.a.m. 4.0026; d. 0.178 g dm=3; m.p.
-272.2°C (at 20 atm.); b.p. -268.93°C.
The element has the lowest boiling
point of all substances and can be so-
lidified only under pressure. Natural
helium is mostly helium-4, with a

small amount of helium-3. There are
also two short-lived radioactive iso-
topes: helium-5 and -6. It occurs in
ores of uranium and thorium and in
some natural-gas deposits. It has a va-
riety of uses, including the provision
of inert atmospheres for welding and
semiconductor manufacture, as a re-
frigerant for superconductors, and as
a diluent in breathing apparatus. It is
also used in filling balloons. Chemi-
cally it is totally inert and has no
known compounds. It was discovered
in the solar spectrum in 1868 by
Joseph Lockyer (1836-1920).

[ (@) see wes s ]

¢ Information from the WebElements site
helium-neon laser A laser in
which the medium is a mixture of
helium and neon in the mole ratio
1:5 respectively. An electric discharge
is used to excite a He atom to the
metastable 1s'2s! configuration.
Since the excitation energy coincides
with an excitation energy of neon,
transfer of energy between helium
and neon atoms can readily occur
during collisions. These collisions
lead to highly excited neon atoms
with unoccupied lower energy states.
Thus, population inversion occurs
giving rise to laser action with a
wavelength of 633 nm. (Many other
spectral lines are also produced in
the process.)

Helmholtz, Hermann Ludwig
Ferdinand von (1821-94) German
physiologist and physicist. In 1850 he
measured the speed of a nerve im-
pulse and in 1851 invented the oph-
thalmoscope. Helmholtz discovered
the conservation of energy (1847),
giving many examples of its applica-
tion, and also introduced the concept
of *free energy.

Helmholtz free energy Sece FREE
ENERGY.
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Helmholtz model See ELECTRICAL
DOUBLE LAYER.

heme See HAEM.
hemiacetals See ACETALS.

hemicellulose A *polysaccharide
found in the cell walls of plants. The
branched chains of this molecule
bind to cellulose microfibrils, form-
ing a network of cross-linked fibres.

hemihedral form The form of a
crystal in which only half the num-
ber of faces required for the symme-
try are present. Compare HOLOHEDRAL
FORM.

hemihydrate A crystalline hydrate
containing two molecules of com-
pound per molecule of water (e.g.
2CaS0,.H,0).

hemiketals See KETALS.

henry Symbol H. The *SI unit of in-
ductance equal to the inductance of a
closed circuit in which an e.m.f. of
one volt is produced when the elec-
tric current in the circuit varies uni-
formly at a rate of one ampere per
second. It is named after the U.S.
physicist Joseph Henry (1797-1878).

Henry's law At a constant tempera-
ture the mass of gas dissolved in a
liquid at equilibrium is proportional
to the partial pressure of the gas. The
law, discovered in 1801 by the British
chemist and physician William
Henry (1775-1836), is a special case
of the partition law. It applies only to
gases that do not react with the sol-
vent.

heparin A glycosaminoglycan (mu-
copolysaccharide) with anticoagulant
properties, occurring in vertebrate
tissues, especially the lungs and
blood vessels.

heptadecanoic acid (margaric
acid) A white crystalline carboxylic
acid with a linear chain of carbon

atoms, C;¢H33COOH; m.p. 59-61°C;
b.p. 227°C (100 mm Hg). It is present
in certain natural fats.

heptahydrate A crystalline hy-
drate that has seven moles of water
per mole of compound.

heptane A liquid straight-chain
alkane obtained from petroleum,
C,H;¢; 1.d. 0.684; m.p. -90.6°C; b.p.
98.4°C. In standardizing *octane
numbers, heptane is given a value
Zero.

heptaoxodiphosphoric(V) acid
See PHOSPHORIC(V) ACID.

heptavalent (septivalent) Having a
valency of seven.

herbal cannabinoids See CANNABI-
NOIDS.

herbicide See PESTICIDE.

Hermann-Mauguin system (in-
ternational system) A notation
used to describe the symmetry of
point groups. In contrast to the
*Schoenflies system, which is used
for isolated molecules (e.g. in spec-
troscopy), the Hermann-Mauguin
system is used in *crystallography.
Some of the categories are the same
as the Schoenflies system. n is the
same group as C,. nmm is the same
group as C,,. There are two ms be-
cause of two distinct types of mirror
plane containing the n-fold axis. n22
is the same group as D,,.. The other
categories do not coincide with the
Schoenflies system. fi is a group with
an n-fold rotation-inversion axis and
includes Cy;, as 6, Sy as 4, Sg as 3, and
S, as 1. nfm is the same group as C,,
except that Cy, is regarded as 6. n2m
is the same group as D,,;, except that
Dgy, is regarded as 62m. nfm 2[m 2/m,
abbreviated to n/mmm, is the same
group as D, except that Dy, is
regarded as 62m. (Unlike the
Schoenflies system, the Hermann-
Mauguin system regards the three-
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fold axis as a special case.) As regards
the cubic groups, 0y is denoted m3m
(or 4/m 3 2/m), O is denoted 432, Ty is
denoted m3 (or 2/m 3), T, is denoted
43m, and T is denoted 23. In the Her-
mann-Mauguin system all the cubic
groups have 3 as the second number
because of the three-fold axis that oc-
curs in all cubic groups.

heroin (diacetylmorphine) A highly
addictive drug produced by acetylat-
ing *morphine. It is usually used as
the hydrochloride. In the UK itis a
class A drug but it can be prescribed
as a painkiller under the name dia-
morphine. The Marquis and Froedhe
tests are used to give an initial indica-
tion of heroin.

hertz Symbol Hz. The *SI unit of
frequency equal to one cycle per
second. It is named after Heinrich
*Hertz.

Hess's law If reactants can be con-
verted into products by a series of re-
actions, the sum of the heats of these
reactions (with due regard to their
sign) is equal to the heat of reaction
for direct conversion from reactants
to products. More generally, the over-
all energy change in going from reac-
tants to products does not depend on
the route taken. The law can be used
to obtain thermodynamic data that
cannot be measured directly. For ex-
ample, the heat of formation of
ethane can be found by considering
the reactions:

2C(s) + 3H,(g) + 3720,(g) — 2CO,(g)

+ 3H,0(])

The heat of this reaction is 2AH; +
3AHy, where AH and AHy are the
heats of combustion of carbon and
hydrogen respectively, which can be
measured. By Hess’s law, this is equal
to the sum of the energies for two
stages:

2C(s) + 3H,(g) — C;He(g)

(the heat of formation of ethane, AHy)
and

C,He(g) + 3720, — 2C0,(g) + 3H,0(])
(the heat of combustion of ethane,
AHg). As AHg can be measured and as

AH¢+ AHg = 2AH. + 3AHy
AHg can be found. Another example
is the use of the *Born-Haber cycle
to obtain lattice energies. The law
was first put forward in 1840 by the
Swiss-born Russian chemist Germain
Henri Hess (1802-50). It is sometimes
called the law of constant heat sum-
mation and is a consequence of the
law of conservation of energy.

hetero atom An odd atom in the
ring of a heterocyclic compound. For
instance, nitrogen is the hetero atom
in pyridine.

heterocyclic See cycLic.

heterogeneous Relating to two or
more phases, e.g. a heterogeneous
*catalyst. Compare HOMOGENEOUS.

heterolytic fission The breaking
of a bond in a compound in which
the two fragments are oppositely
charged ions. For example, HCl — H*
+ CI". Compare HOMOLYTIC FISSION.

heteronuclear Denoting a mol-
ecule in which the atoms are of dif-
ferent elements.

heteropolar bond Sece cHEMICAL
BOND.

heteropoly compound See cLUs-
TER COMPOUND.

heteropolymer See POLYMER.

Heusler alloys Ferromagnetic al-
loys containing no ferromagnetic el-
ements. The original alloys contained
copper, manganese, and tin and were
first made by Conrad Heusler (19th-
century mining engineer).

hexachlorobenzene A colourless
crystalline compound, C¢Clg; m.p.
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227°C. It is made by the chlorination
of benzene with an iron(IIl) chloride
catalyst or by treating hexachlorocy-
clohexane with chlorine in hexa-
chloroethane. It is used to preserve
wood and dress seeds, and in the
manufacture of hexafluorobenzene.

hexacyanoferrate(ll) (ferro-
cyanide) A complex iron-containing
anion, [Fe(CNg)]*-, used as a solution
of its potassium salt as a test for fer-
ric iron (iron(IlI)), with which it
forms a dark blue precipitate of
Prussian blue. The sodium salt is
used as an anticaking agent in com-
mon salt.

hexacyanoferrate(lll) (ferri-
cyanide) A complex iron-containing
anion, [Fe(CN)g)]*-, used as a solution
of its potassium salt as a test for fer-
rous iron (iron(Il)), with which it
forms a dark blue precipitate of
Prussian blue.

hexadecane (cetane) A colourless
liquid straight-chain alkane hydrocar-
bon, C;¢Hs,, used in standardizing
*cetane numbers of Diesel fuel.

hexadecanoate See PALMITATE.

hexadecanoic acid See PALMITIC
ACID.

hexagonal close packing See
CLOSE PACKING.

hexagonal crystal See CRYSTAL sys-
TEM.

hexahydrate A crystalline com-
pound that has six moles of water
per mole of compound.

hexamethylenetetramine See
HEXAMINE.

hexamine (hexamethylenete-
tramine) A white crystalline com-
pound, CH;,N,, made by the
condensation of methanal with am-
monia. It has been used as a solid
fuel for camping stoves and as an an-

tiseptic for treating urinary infec-
tions in medicine. It is used in the
production of *cyclonite.

N

Hexamine

hexanedioate (adipate) A salt or
ester of hexanedioic acid.

hexanedioic acid (adipic acid) A
carboxylic acid, (CH,),(COOH),; r.d.
1.36; m.p. 153°C; b.p. 265°C (100
mmHg). It is used in the manufacture
of *nylon 6,6. See also POLYMERIZA-
TION.

6-hexanelactam See CAPROLACTAM.

hexanitrohexaazaisowurtzitane
See HNIW.

hexanoate (caproate) A salt or
ester of hexanoic acid.

hexanoic acid (caproic acid) A lig-
uid fatty acid, CH,(CH,),COOH; r.d.
0.93; m.p. -3.4°C; b.p. 205°C. Glyc-
erides of the acid occur naturally in
cow and goat milk and in some veg-
etable oils.

hexose A *monosaccharide that
has six carbon atoms in its mol-
ecules.

hexyl group (hexyl radical) The
organic group CH;CH,CH,CH,-
CH,CH,-, derived from hexane.

HFC (hydrofluorocarbon) See HALO-
CARBONS.

highest occupied molecular or-
bital (HOMO) The orbital in a mol-
ecule that has the highest energy
level occupied at the temperature of
absolute zero. The highest occupied
molecular orbital and the lowest un-
occupied molecular orbital (LUMO)
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are the two *frontier orbitals of the
molecule.

high frequency (HF) A radio fre-
quency in the range 3-30 megahertz;
i.e. having a wavelength in the range
10-100 metres.

high-performance liquid chro-
matography (HPLC) A sensitive
technique for separating or analysing
mixtures, in which the sample is
forced through the chromatography
column under pressure.

high-resolution electron-loss
spectroscopy (HRELS) A technique
for obtaining information about mol-
ecules absorbed on a surface by in-
elastic scattering of electrons.

high-speed steel A steel that will
remain hard at dull red heat and can
therefore be used in cutting tools for
high-speed lathes. It usually con-
tains 12-22% tungsten, up to 5%
chromium, and 0.4-0.7% carbon. It
may also contain small amounts of
vanadium, molybdenum, and other
metals.

Hilbert space A linear vector space
that can have an infinite number of
dimensions. The concept is of inter-
est in physics because the state of a
system in *quantum mechanics is
represented by a vector in Hilbert
space. The dimension of the Hilbert
space has nothing to do with the
physical dimension of the system.
The Hilbert space formulation of
quantum mechanics was put forward
by the Hungarian-born US mathe-
matician John von Neumann
(1903-57) in 1927. Other formula-
tions of quantum mechanics, such as
*matrix mechanics and *wave me-
chanics, can be deduced from the
Hilbert space formulation. It is
named after the German mathemati-
cian David Hilbert (1862-1943), who
invented the concept early in the
20th century.

Hildebrand rule If the density of
the vapour phase above a liquid is
constant, the molar entropy of vapor-
ization is constant. This law does not
hold if molecular association takes
place in the liquid or if the liquid is
subject to quantum-mechanical
effects, e.g. as in superfluidity. The
rule is named after the US chemist
Joel Henry Hildebrand (1881-1983).

Hill reaction The release of oxygen
from isolated illuminated chloro-
plasts when suitable electron accep-
tors (e.g. potassium ferricyanide) are
added to the surrounding water. The
reaction was discovered by Robert
Hill (1899-1991) in 1939; the electron
acceptors substitute for NADP*, the
natural acceptor for the light-depend-
ent reactions of *photosynthesis.

histidine See AMINO ACID.

histochemistry The study of the
distribution of the chemical con-
stituents of tissues by means of their
chemical reactions. It utilizes such
techniques as staining, light and elec-
tron microscopy, autoradiography,
and chromatography.

HMX (octogen; cyclotetramethyl-
enetetranitramine) A colourless crys-
talline compound, C,HgNgOg; 1.d. 1.9;
m.p. 276-286°C. It has a structure
similar to that of *cyclonite (RDX),
but with an 8-membered ring rather
than a six-membered ring. An ex-
tremely powerful explosive, it is used
mainly for military purposes and as a
NO
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rocket propellant. The name comes
from ‘High Molecular Weight RDX’.

HNIW (hexanitrohexaazaisowurtzi-
tane) A powerful explosive, C¢N;,0;,.
It has a three-dimensional bridged
structure containing six N-NO,
groups. Also known as CL20, it is
extremely sensitive and so far has
not been produced in bulk.

Hoff, Jacobus Henrikus van't
(1852-1911) Dutch physical chemist
who first recognized that a molecule
could exist in two mirror-image
forms. He proposed that these forms
rotated the plane of polarization in
opposite senses, and is generally re-
garded as the founder of stereochem-
istry. Van’t Hoff also did important
work on other branches of physical
chemistry, especially chemical ther-
modynamics. He was awarded the
1901 Nobel Prize for chemistry.

Hofmann'’s reaction (Hofmann re-
arrangement) A reaction for making
primary *amines from *amines
using bromine or chlorine and
sodium hydroxide:

RCONH, — RNH,

The halogen replaces a hydrogen
atom from the amido group to form
a halo-amide. This then reacts with
the alkali to produce an isocyanate,
which decomposes into the amine
and carbon dioxide. The amine has
one carbon atom fewer than the
amide from which it is produced.
This technique is used to reduce the
length of carbon chains in moles-

cules (the Hofmann degradation).
The reaction is named after the Ger-
man chemist August Wilhelm von
Hofmann (1818-92).

hole 1. A vacant electron position
in the lattice structure of a solid that
behaves like a mobile positive
*charge carrier. 2. A vacant electron
position in one of the inner orbitals
of an atom.

holmium Symbol Ho. A soft silvery
metallic element belonging to the
*lanthanoids; a.n. 67; r.a.m. 164.93;
r.d. 8.795 (20°C); m.p. 1474°C; b.p.
2695°C. It occurs in apatite, xeno-
time, and some other rare-earth min-
erals. There is one natural isotope,
holmium-165; eighteen artificial iso-
topes have been produced. There are
no uses for the element, which was
discovered by Per Cleve (1840-1905)
and J. L. Soret in 1879.

[ @) see wes Links J
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holohedral form The form of a
crystal in which the full number of
faces required for the symmetry are
present. Compare HOLOHEDRAL FORM.

HOMO See HIGHEST OCCUPIED MO-
LECULAR ORBITAL.

homocyclic See cycric.

homogeneous Relating to only
one phase, e.g. a homogeneous mix-
ture, a homogeneous *catalyst. Com-
pare HETEREOGENEOUS.

homoleptic compound A chemi-
cal complex with only one type of
ligand, as in nickel carbonyl or lead
tetraethyl.

homologous series A series of re-
lated chemical compounds that have
the same functional group(s) but dif-
fer in formula by a fixed group of
atoms. For instance, the simple car-
boxylic acids: methanoic (HCOOH),
ethanoic (CH3;COOH), propanoic
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humectant

(C,HsCOOH), etc., form a homolo-
gous series in which each member
differs from the next by CH,. Succes-
sive members of such a series are
called homologues.

homolytic fission The breaking of
a bond in a compound in which the
fragments are uncharged free radi-
cals. For example, Cl, — CI* + CI-.
Compare HETEROLYTIC FISSION.

homonuclear Denoting a molecule
in which the atoms are of the same
element.

homopolar bond See cHEMICAL
BOND.

homopolymer See POLYMER.

hormone A substance that is man-
ufactured and secreted in very small
quantities into the bloodstream by
an endocrine gland or a specialized
nerve cell and regulates the growth
or functioning of a specific tissue or
organ in a distant part of the body.
For example, the hormone insulin
controls the rate and manner in
which glucose is used by the body.

hornblende Any of a group of
common rock-forming minerals

of the amphibole group with

the generalized formula
(Ca,Na),(Mg,Fe,Al)5(Al,Si)g0,,(OH,F),.
Hornblendes consist mainly of cal-
cium, iron, and magnesium silicate.

host-guest chemistry See
SUPRAMOLECULAR CHEMISTRY.

HPLC See HIGH-PERFORMANCE LIQUID
CHROMATOGRAPHY.

HRELS See HIGH-RESOLUTION ELEC-
TRON-LOSS SPECTROSCOPY.

HSAB principle A method of classi-
fying Lewis acids and bases (See ACID)
developed by Ralph Pearson in the
1960s. The acronym stands for ‘hard
and soft acids and bases’. It is based
in empirical measurements of stabil-

ity of compounds with certain lig-
ands. Hard acids tend to complex
with halide ions in the order
F>Cl>Br>TI"
Soft acids complex in the opposite
order. Compounds that complex
with hard acids are hard bases; ones
that more readily form complexes
with soft acids are called soft bases.
In general, soft acids and bases are
more easily polarized than hard acids
and bases and consequently have
more covalent character in the bond.
The idea is an extension of the *type
A and B metals concept to com-
pounds other than metal complexes.

Hiickel, Erich (1896-1980) German
physicist and theoretical chemist
who worked with Peter *Debye at
Zirich on the theory of electrolytes.
Later he moved to Copenhagen to
work with Niels *Bohr and here he
produced his work on bonding in
aromatic molecules. See HUCKEL AP-
PROXIMATION; AROMATIC COMPOUND.

Hiickel approximation A set of
approximations used to simplify the
molecular orbital analysis of conju-
gated molecules, suggested by Erich
Hitickel in 1931. In the Hiickel theory,
the o orbitals are treated separately
from the = orbitals, the shape of the
molecule being determined by the ¢
orbitals. The Hiickel theory makes
the approximation that interactions
between non-neighbouring atoms

are taken to be zero. It enables calcu-
lations to be made for conjugated
molecules. In particular, the *delocal-
ization energy of such molecules can
be estimated. Hiickel explained the
stability of benzene associated with
aromaticity in this way. The theory
can also be used to analyse delocal-
ized bonding in solids.

Hiickel rule See AROMATIC COM-
POUND.

humectant A substance used to
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maintain moisture levels. Humec-
tants are generally *hygroscopic. For
example, glycerol is employed as a
humectant in confectionery, food-
stuffs, and tobacco. Other polyhydric
alcohols, such as mannitol and sor-
bitol, are also used as humectant ad-
ditives in the foodstuffs industry.

Humphreys series A series of
lines in the *hydrogen spectrum
with the form

1/A=R(1/6% - 1/n?),n=7,89...,
where A is the wavelength associated
with the lines and R is the Rydberg
constant. The Humphreys series was
discovered by C. J. Humphreys in
1953 and lies in the far infrared.

Hund coupling cases Sec cou-
PLING.

Hund's rules Empirical rules for in-
terpreting atomic *spectra used to
determine the lowest energy level for
a configuration of two equivalent
electrons (i.e. electrons with the
same n and | quantum numbers) in a
many-electron *atom. (1) The lowest
energy state has the maximum *mul-
tiplicity consistent with the *Pauli
exclusion principle. (2) The lowest
energy state has the maximum total
electron orbital angular momentum
quantum number, consistent with
rule (1). These rules were put forward
by the German physicist Friedrich
Hund (1896-1993) in 1925. Hund’s
rules are explained by quantum
theory involving the repulsion be-
tween two electrons.

hyaluronic acid A *glycosamino-
glycan (mucopolysaccharide) that is
part of the matrix of connective tis-
sue. Hyaluronic acid binds cells to-
gether and helps to lubricate joints.
It may play a role in the migration of
cells at wounds; this activity ceases
when hyaluronidase breaks down
hyaluronic acid.

hybrid orbital See ORBITAL.
hydracid See BINARY ACID.

hydrate A substance formed by
combination of a compound with
water. See WATER OF CRYSTALLIZATION.

hydrated alumina See AtumINTUM
HYDROXIDE.

hydrated aluminium hydroxide
See ALUMINIUM HYDROXIDE.

hydration See SOLVATION.

hydrazine A colourless liquid or
white crystalline solid, N,H,; r.d. 1.01
(liquid); m.p. 1.4°C; b.p. 113.5°C. It is
very soluble in water and soluble in
ethanol. Hydrazine is prepared by
the Raschig synthesis in which am-
monia reacts with sodium(I) chlorate
(sodium hypochlorite) to give NH,Cl,
which then undergoes further reac-
tion with ammonia to give N,H,. In-
dustrial production must be carefully
controlled to avoid a side reaction
leading to NH,Cl. The compound is a
weak base giving rise to two series of
salts, those based on N,Hs*, which
are stable in water (sometimes writ-
ten in the form N,H,.HCI rather than
N,Hs*Cl), and a less stable and ex-
tensively hydrolysed series based on
N,H¢%*. Hydrazine is a powerful re-
ducing agent and reacts violently
with many oxidizing agents, hence
its use as a rocket propellant. It re-
acts with aldehydes and ketones to
give *hydrazones.

hydrazoic acid See HYDROGEN
AZIDE.

hydrazones Organic compounds
containing the group =C:NNH,,
formed by condensation of substi-
tuted hydrazines with with aldehy-
des and ketones (see illustration).
Phenylhydrazones contain the group
=C:NNHC¢Hs.

[ (@) see wes Links J

¢ Information about IUPAC nomenclature
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hydrogen

hydride A chemical compound of
hydrogen and another element or el-
ements. Non-metallic hydrides (e.g.
ammonia, methane, water) are cova-
lently bonded. The alkali metals and
alkaline earths (*s-block elements)
form salt-like hydrides containing
the hydride ion H-, which produce
hydrogen on reacting with water. Hy-
dride-forming *transition elements
form interstitial hydrides, with the
hydrogen atoms ‘trapped’ within the
gaps in the lattice of metal atoms.
Complex hydrides, such as *lithium
tetrahydroaluminate(IlI), have hy-
dride ions as *ligands; many are pow-
erful reducing agents.

hydriodic acid See HYDROGEN 10-
DIDE.

hydrobromic acid See HYDROGEN
BROMIDE.

hydrocarbons Chemical com-
pounds that contain only carbon and
hydrogen. A vast number of different
hydrocarbon compounds exist, the
main types being the *alkanes,
*alkenes, *alkynes, and *arenes.

hydrochloric acid Se¢ HYDROGEN
CHLORIDE.

hydrochloride See AMINE sALTs.

hydrochlorofluorocarbon (HCFC)
See HALOCARBONS.

hydrocyanic acid See HYDROGEN
CYANIDE.

hydrodynamic radius The effec-
tive radius of an ion in a solution
measured by assuming that it is a
body moving through the solution
and resisted by the solution’s viscos-
ity. If the solvent is water, the hydro-

A0 N AR -H,0
R—C + N—N —_—
Y H- \H
ketone hydrazine

Hydrazones

dynamic radius includes all the water
molecules attracted to the ion. As a
result, it is possible for a small ion to
have a larger hydrodynamic radius
than a large ion - if it is surrounded
by more solvent molecules. Experi-
ments involving *nuclear magnetic
resonance (NMR) and isotope tracers
indicate that there is considerable
movement between solvent mol-
ecules within the hydrodynamic ra-
dius and the rest of the solution.

hydrofluoric acid See HYDROGEN
FLUORIDE.

hydrofluorocarbon (HFC) See
HALOCARBONS.

hydrogen Symbol H. A colourless
odourless gaseous chemical element;
a.n. 1; r.am. 1.008; d. 0.0899 g dm™3;
m.p. -259.14°C; b.p. -252.87°C. It is
the lightest element and the most
abundant in the universe. It is pre-
sent in water and in all organic com-
pounds. There are three isotopes:
naturally occurring hydrogen con-
sists of the two stable isotopes hydro-
gen-1 (99.985%) and *deuterium. The
radioactive *tritium is made artifi-
cially. The gas is diatomic and has
two forms: orthohydrogen, in which
the nuclear spins are parallel, and
parahydrogen, in which they are an-
tiparallel. At normal temperatures
the gas is 25% parahydrogen. In the
liquid it is 99.8% parahydrogen. The
main source of hydrogen is steam
*reforming of natural gas. It can also
be made by the Bosch process (see
HABER PROCESS) and by electrolysis of
water. The main use is in the Haber
process for making ammonia. Hydro-
gen is also used in various other

R”
N— N/
z ~u
\R’
hydrazone
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industrial processes, such as the
reduction of oxide ores, the refining
of petroleum, the production of
hydrocarbons from coal, and the hy-
drogenation of vegetable oils. Consid-
erable interest has also been shown
in its potential use in a ‘hydrogen
fuel economy’ in which primary en-
ergy sources not based on fossil fuels
(e.g. nuclear, solar, or geothermal en-
ergy) are used to produce electricity,
which is employed in electrolysing
water. The hydrogen formed is
stored as liquid hydrogen or as metal
hydrides. Chemically, hydrogen re-
acts with most elements. It was dis-
covered by Henry *Cavendish in
1766.

[ Q@) e wes ks ]
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hydrogen acceptor See HYDROGEN
CARRIER.

hydrogenation 1. A chemical re-
action with hydrogen; in particular,
an addition reaction in which hydro-
gen adds to an unsaturated com-
pound. Nickel is a good catalyst for
such reactions. 2. The process of
converting coal to oil by making the
carbon in the coal combine with hy-
drogen to form hydrocarbons. See F1s-
CHER-TROPSCH PROCESS; BERGIUS
PROCESS.

hydrogen azide (hydrazoic acid;
azoimide) A colourless liquid, HNj;
r.d. 1.09; m.p. -80°C; b.p. 37°C. It is
highly toxic and a powerful reduc-
tant, which explodes in the presence
of oxygen and other oxidizing
agents. It may be prepared by the re-
action of sodium amide and sodium
nitrate at 175°C followed by distilla-
tion of a mixture of the resulting
sodium azide and a dilute acid. See
also AZIDES.

hydrogen bond A type of electro-
static interaction between molecules
occurring in molecules that have

hydrogen atoms bound to electro-
negative atoms (F, N, O). It can be
regarded as a strong dipole-dipole
attraction caused by the electron-
withdrawing properties of the elec-
tronegative atom. Thus, in the water
molecule the oxygen atom attracts
the electrons in the O-H bonds. The
hydrogen atom has no inner shells of
electrons to shield the nucleus, and
there is an electrostatic interaction
between the hydrogen proton and a
lone pair of electrons on an oxygen
atom in a neighbouring molecule.
Each oxygen atom has two lone pairs
and can make hydrogen bonds to
two different hydrogen atoms. The
strengths of hydrogen bonds are
about one tenth of the strengths of
normal covalent bonds. Hydrogen
bonding does, however, have signifi-
cant effects on physical properties.
Thus it accounts for the unusual
properties of *water and for the rela-
tively high boiling points of H,O, HF,
and NH; (compared with H,S, HCI,
and PH;). It is also of great impor-
tance in living organisms. Hydrogen
bonding occurs between bases in the
chains of DNA. It also occurs be-
tween the C=0 and N-H groups in
proteins, and is responsible for main-
taining the secondary structure.

0.177nm / N,
0 oxygen O hydrogen

Hydrogen bond
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hydrogen iodide

Hydrogen bonds are not purely elec-
trostatic and can be shown to have
some covalent character.

hydrogen bromide A colourless
gas, HBr; m.p. -88.5°C; b.p. -67°C. It
can be made by direct combination
of the elements using a platinum cat-
alyst. It is a strong acid dissociating
extensively in solution (hydrobromic
acid).

hydrogencarbonate (bicarbonate)
A salt of *carbonic acid in which one
hydrogen atom has been replaced; it

thus contains the hydrogencarbonate
ion HCO;~.

hydrogen carrier (hydrogen accep-
tor) A molecule that accepts hydro-
gen atoms or ions, becoming reduced
in the process (see OXIDATION-
REDUCTION). The *electron transport
chain, whose function is to generate
energy in the form of ATP during res-
piration, involves a series of hydro-
gen carriers, including *NAD and
*FAD, which pass on the hydrogen
(derived from the breakdown of glu-
cose) to the next carrier in the chain.

hydrogen chloride A colourless
fuming gas, HCl; m.p. -114.8°C; b.p.
-85°C. It can be prepared in the labo-
ratory by heating sodium chloride
with concentrated sulphuric acid
(hence the former name spirits of
salt). Industrially it is made directly
from the elements at high tempera-
ture and used in the manufacture of
PVC and other chloro compounds. It
is a strong acid and dissociates fully
in solution (hydrochloric acid).

hydrogen cyanide (hydrocyanic
acid; prussic acid) A colourless liquid
or gas, HCN, with a characteristic
odour of almonds; r.d. 0.699 (liquid at
22°C); m.p. -14°C; b.p. 26°C. It is an
extremely poisonous substance
formed by the action of acids on
metal cyanides. Industrially, it is made
by catalytic oxidation of ammonia

and methane with air and is used in
producing acrylate plastics. Hydrogen
cyanide is a weak acid (K, = 2.1 x 10~
mol dm~3). With organic carbonyl
compounds it forms *cyanohydrins.

hydrogen electrode See HYDRO-
GEN HALF CELL.

hydrogen fluoride A colourless
liquid, HF; r.d. 0.99; m.p. -83°C; b.p.
19.5°C. It can be made by the action
of sulphuric acid on calcium fluoride.
The compound is an extremely corro-
sive fluorinating agent, which attacks
glass. It is unlike the other hydrogen
halides in being a liquid (a result of
*hydrogen bond formation). It is also
a weaker acid than the others be-
cause the small size of the fluorine
atom means that the H-F bond is
shorter and stronger. Solutions of hy-
drogen fluoride in water are known
as hydrofluoric acid.

hydrogen half cell (hydrogen elec-
trode) A type of *half cell in which a
metal foil is immersed in a solution
of hydrogen ions and hydrogen gas is
bubbled over the foil. The standard
hydrogen electrode, used in measur-
ing standard *electrode potentials,
uses a platinum foil with a 1.0 M so-
lution of hydrogen ions, the gas at 1
atmosphere pressure, and a tempera-
ture of 25°C. It is written Pt(s)|H,(g),
H*(aq), the effective reaction being

H, — 2H* + 2e.

hydrogenic Describing an atom or
ion that has only one electron; for ex-
ample, H, He*, Li?*, C>*. Hydrogenic
atoms (or ions) do not involve elec-
tron-electron interactions and are
easier to treat theoretically.

hydrogen iodide A colourless gas,
HI; m.p. -51°C; b.p. -35.38°C. It can
be made by direct combination of
the elements using a platinum cata-
lyst. It is a strong acid dissociating ex-
tensively in solution (hydroiodic acid
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or hydriodic acid). It is also a reduc-
ing agent.

hydrogen ion See AcIDs.

hydrogen molecule ion The sim-
plest type of molecule (H,*), consist-
ing of two hydrogen nuclei and one
electron. In the *Born-Oppenheimer
approximation, in which the nuclei
are regarded as being fixed, the
*Schrodinger equation for the hy-
drogen molecule ion can be solved
exactly. This enables ideas and ap-
proximation techniques concerned
with chemical bonding to be tested
quantitatively.

hydrogen peroxide A colourless
or pale blue viscous unstable liquid,
H,0,; r.d. 1.44; m.p. -0.41°C; b.p.
150.2°C. As with water, there is con-
siderable hydrogen bonding in the
liquid, which has a high dielectric
constant. It can be made in the labo-
ratory by adding dilute acid to bar-
ium peroxide at 0°C. Large quantities
are made commercially by electroly-
sis of KHSO,.H,SO, solutions. An-
other industrial process involves
catalytic oxidation (using nickel, pal-
ladium, or platinum with an an-
thraquinone) of hydrogen and water
in the presence of oxygen. Hydrogen
peroxide readily decomposes in light
or in the presence of metal ions to
give water and oxygen. It is usually
supplied in solutions designated by
volume strength. For example, 20-
volume hydrogen peroxide would
yield 20 volumes of oxygen per vol-
ume of solution. Although the *per-
oxides are formally salts of H,0,, the
compound is essentially neutral.
Thus, the acidity constant of the ion-
ization

H,0, + H,0 == H;0* + HO,"
is 1.5 x 1072 mol dm™3. It is a strong
oxidizing agent, hence its use as a
mild antiseptic and as a bleaching
agent for cloth, hair, etc. It has also

been used as an oxidant in rocket
fuels.

hydrogen spectrum The atomic
spectrum of hydrogen is character-
ized by lines corresponding to radia-
tion quanta of sharply defined
energy. A graph of the frequencies at
which these lines occur against the
ordinal number that characterizes
their position in the series of lines,
produces a smooth curve indicating
that they obey a formal law. In 1885
J. J. Balmer (1825-98) discovered the
law having the form:

1A =R(1[ns> +1fn?)
This law gives the so-called Balmer
series of lines in the visible spectrum
in which n, =2 and n, = 3,4,5..., A is
the wavelength associated with the
lines, and R is the *Rydberg constant.

In the Lyman series, discovered by
Theodore Lyman (1874-1954), n, =1
and the lines fall in the ultraviolet.
The Lyman series is the strongest fea-
ture of the solar spectrum as ob-
served by rockets and satellites above
the earth’s atmosphere. In the
Paschen series, discovered by F.
Paschen (1865-1947), n, = 3 and the
lines occur in the far infrared. The
Brackett series (1, = 4), Pfund series
(ny = 5), and Humphreys series (1n, = 6)
also occur in the far infrared.
(@) see wes Links J
e Balmer’s paper
hydrogensulphate (bisulphate) A
salt containing the ion HSO,~ or an
ester of the type RHSO,, where R is
an organic group. It was formerly
called hydrosulphate.

hydrogen sulphide (sulphuretted
hydrogen) A gas, H,S, with an odour
of rotten eggs; r.d. 1.54 (liquid); m.p.
-85.5°C; b.p. -60.7°C. It is soluble in
water and ethanol and may be pre-
pared by the action of mineral acids
on metal sulphides, typically hy-
drochloric acid on iron(Il) sulphide
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4-hydroxybutanoic acid

(see KIPP’S APPARATUS). Solutions in
water (known as hydrosulphuric acid)
contain the anions HS- and minute
traces of S2- and are weakly acidic.
Acid salts (those containing the HS-
ion) are known as hydrogensulphides
(formerly hydrosulphides). In acid so-
lution hydrogen sulphide is a mild
reducing agent. Hydrogen sulphide
has an important role in traditional
qualitative chemical analysis, where
it precipitates metals with insoluble
sulphides. Hydrogen sulphide is ex-
ceedingly poisonous (more toxic than
hydrogen cyanide). See also CLAUS
PROCESS.

hydrogensulphite (bisulphite) A
salt containing the ion "HSO; or an
ester of the type RHSO;, where R is
an organic group.

hydroiodic acid See HYDROGEN 10-
DIDE.

hydrolysis A chemical reaction of a
compound with water. For instance,
salts of weak acids or bases hydrolyse
in aqueous solution, as in
Na"CH,COO™ + HO<==Na"+OH +
CH,COOH
The reverse reaction of *esterifica-
tion is another example. See also
SOLVOLYSIS.

hydromagnesite A mineral form
of basic *magnesium carbonate,
3MgCO0;.Mg(OH),.3H,0.

hydron The positive ion H*. The
name is used when it is not relevant
to specify the isotope, as is usually
the case in compounds in which the
hydrogen is in natural abundance.
When the isotope is relevant then
proton ('H*), deuteron (2H"), or triton
(®H*) should be used.

hydronium ion See 0XONIUM ION.

hydrophilic Having an affinity for
water. See LYOPHILIC.

hydrophobic Lacking affinity for
water. See LYOPHOBIC.

hydroquinone See BENZENE-1,4-
DIOL.

hydrosol A sol in which the contin-
uous phase is water. See COLLOIDS.

hydrosulphate See HYDROGENSUL-
PHATE.

hydrosulphide See HYDROGEN SUIL-
PHIDE.

hydrosulphuric acid See HYDRO-
GEN SULPHIDE.

hydroxide A metallic compound
containing the ion OH- (hydroxide
ion) or containing the group -OH (hy-
droxyl group) bound to a metal atom.
Hydroxides of typical metals are
basic; those of *metalloids are am-
photeric.

hydroxoacid A type of acid in
which the acidic hydrogen is on a hy-
droxyl group attached to an atom
that is not attached to an oxo (=O)
group. An example is

Si(OH,) + H,0 — Si(OH);(0O)~ + H;0*
Compare OXOACID.

hydroxonium ion See oxoN1UM
ION.

4-hydroxybutanoic acid
(gammahydroxybutyric acid; GHB) A
naturally occurring carboxylic acid,
HO(CH,);COOH, found in small
amounts in most living things. It is
used as a therapeutic drug to treat in-
somnia, depression and alcoholism.
GHB, as it is commonly known, is
also used as an illegal club drug and
as a date-rape drug.

0
et
e e OH
H2 H2

4-hydroxybutanoic acid
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4-hydroxybutanoic acid lactone
(y-butyrolactone) A colourless liquid
*lactone, C,HgO,; b.p. 206°C. It is
used as a solvent and in the produc-
tion of certain synthetic resins.

hydroxycerussite See LEAD(1I) CAR-
BONATE HYDROXIDE.

hydroxyethanoic acid See GLY-
COLIC ACID.

hydroxylamine A colourless solid,
NH,OH, m.p. 33°C. It explodes on
heating and may be employed as an
oxidizing agent or reducing agent. It
is made by the reduction of nitrates
or nitrites, and is used in making
nylon. With aldehydes and ketones it
forms *oximes.

[ @) see wes ks ]

¢ Information about IUPAC nomenclature

hydroxylation The introduction of
a hydroxyl group (-OH) into an or-
ganic compound. For example,
alkenes can be hydroxylated using
potassium permanganate or lead
ethanoate to give alcohols. In bio-
chemistry, various enzymes can
bring about hydroxylation.

hydroxyl group The group -OH in
a chemical compound.

2-hydroxypropanoic acid See LAC-
TIC ACID.

hygroscopic Describing a sub-
stance that can take up water from
the atmosphere. See also DELIQUES-
CENCE.

hyperconjugation The interaction
of sigma bonds with pi bonds in a

molecule, as in the interaction of a
methyl group with the benzene ring
in toluene. It is postulated to account
for the stability of some carbonium
ions. Hyperconjugation is often
thought of as a contribution of reso-
nance structures in which a sigma
bond is broken to give ions; e.g.
C¢HsCH, H* in toluene. It has been
called no-bond resonance.

hyperfine structure Sce FINE
STRUCTURE.

hypertonic solution A solution
that has a higher osmotic pressure
than some other solution. Compare
HYPOTONIC SOLUTION.

hypochlorite See CHLORATES.

hypochlorous acid See cHLORIC(T)
ACID.

hypophosphorus acid See pPHOS-
PHINIC ACID.

hyposulphite See SULPHINATE.

hyposulphurous acid See sut-
PHINIC ACID.

hypothesis See LAWS, THEORIES,
AND HYPOTHESES.

hypotonic solution A solution
that has a lower osmotic pressure
than some other solution. Compare
HYPERTONIC SOLUTION.

hypsochromic shift A shift of a
spectral band to shorter wavelengths
as a result of substitution in a mol-
ecule or as a result of a change in
the physical conditions. Compare
BATHOCHROMIC SHIFT.



ice See WATER.

ice point The temperature at
which there is equilibrium between
ice and water at standard atmos-
pheric pressure (i.e. the freezing or
melting point under standard condi-
tions). It was used as a fixed point (0°)
on the Celsius scale, but the kelvin
and the International Practical Tem-
perature Scale are based on the
*triple point of water.

icosahedron A polyhedron having
20 triangular faces with five edges
meeting at each vertex. The symme-
try of an icosahedron (known as
icosahedral symmetry) has fivefold ro-
tation axes. It is impossible in *crys-
tallography to have a periodic crystal
with the point group symmetry of an
icosahedron (icosahedral packing).
However, it is possible for short-
range order to occur with icosahedral
symmetry in certain liquids and
glasses because of the dense packing
of'icosahedra. Icosahedral symmetry
also occurs in certain *quasicrystals,
such as alloys of aluminium and
manganese.

ideal crystal A single crystal with a
perfectly regular lattice that contains
no impurities, imperfections, or
other defects.

ideal gas (perfect gas) A hypotheti-
cal gas that obeys the *gas laws ex-
actly. An ideal gas would consist of
molecules that occupy negligible
space and have negligible forces be-
tween them. All collisions made be-
tween molecules and the walls of the
container or between molecules and
other molecules would be perfectly
elastic, because the molecules would

have no means of storing energy ex-
cept as translational kinetic energy.

ideal solution See RAOULT’S LAW.

IE Ionization energy. See IONIZATION
POTENTIAL.

ignition temperature The tem-
perature to which a substance must
be heated before it will burn in air.

Ilkovic equation A relation used
in polarography relating the diffu-
sion current i, and the concentration
c¢. The Ilkovic equation has the form
i, = kc, where k is a constant.

imides Organic compounds con-
taining the group -CO.NH.CO.- (the
imido group).

[ §) see wes Lnks

¢ Information about IUPAC nomenclature
imido group See IMIDES.

imines Compounds containing the
group -NH- in which the nitrogen
atom is part of a ring structure, or
the group =NH, in which the nitro-
gen atom is linked to a carbon atom
by a double bond. In either case, the
group is referred to as an imino
group.

[ @) see wes s ]

¢ Information about IUPAC nomenclature
imino group See IMINES.

Imperial units The British system
of units based on the pound and the
yard. The former f.p.s. system was
used in engineering and was loosely
based on Imperial units; for all
scientific purposes *SI units are now
used. Imperial units are also being re-
placed for general purposes by met-
ric units.
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implosion An inward collapse of a
vessel, especially as a result of evacu-
ation.

IMS See ION-MOBILITY SPECTROMETRY.

incandescence The emission of
light by a substance as a result of
raising it to a high temperature.

InChl A type of *line notation intro-
duced by IUPAC. The acronym stands
for International Chemical Identifier.
Originally, it was IChI (IUPAC chemi-
cal identifier). An InChlI can give a
large amount of chemical informa-
tion displayed in layers and sublayers
separated by forward slashes. For ex-
ample, the InChl for naphthalene is
InChI=1/C10H8/c-1-2-6-10-8-4-3-7-
9(10)5-1/h1-8H
Here, InChI=1 indicates the version
of InChI used. The remainder of the
string is the main layer. It consists of
three sublayers. These are (1) the mo-
lecular formula (C;,Hy); (2) the atom-
connection information (starting
with c), and (3) the hydrogens pre-
sent (starting with h). Other layers
can be added for such information as
charge, stereochemistry, and isotopic
composition.
[ &) see wes Links J
e An FAQ produced by the Chemistry
Department, Cambridge University
¢ Information and downloads from the
IUPAC site

incommensurate lattice A lattice
with long-range periodic order that
has two or more periodicities in
which an irrational number gives the
ratio between the periodicities. An
example of an incommensurate lat-
tice occurs in certain magnetic sys-
tems in which the ratio of the
magnetic period to the atomic lattice
is an irrational number. The phase
transition between a commensurate
lattice and an incommensurate lat-

tice can be analysed using the
*Frenkel-Kontorowa model.

indene A colourless flammable hy-
drocarbon, CgHg; r.d. 0.996; m.p.
-1.8°C; b.p. 182.6°C. Indene is an
aromatic hydrocarbon with a five-
membered ring fused to a benzene
ring. It is present in coal tar and is
used as a solvent and raw material
for making other organic com-
pounds.

independent-particle model A
model for electrons in a many-
electron system in which the cor-
relation between electrons is either
ignored or taken into account by re-
garding an electron as moving in an
averaged-out potential that repre-
sents the interactions between the
electron and all the other particles in
the system. Although the indepen-
dent-particle model cannot describe
all aspects of many-electron systems,
it had some notable successes, such
as explaining the shell structure of
electrons in atoms.

indeterminacy See UNCERTAINTY
PRINCIPLE.

indicator A substance used to show
the presence of a chemical substance
or ion by its colour. Acid-base indica-
tors are compounds, such as phe-
nolphthalein and methyl orange,
that change colour reversibly, de-
pending on whether the solution is
acidic or basic. They are usually weak
acids in which the un-ionized form
HA has a different colour from the
negative ion A~. In solution the indi-
cator dissociates slightly
HA<=H*'+A"
In acid solution the concentration of
H* is high, and the indicator is
largely undissociated HA; in alkaline
solutions the equilibrium is displaced
to the right and A~ is formed. Useful
acid-base indicators show a sharp
colour change over a range of about



283

induced-fit model

2 pH units. In titration, the point at
which the reaction is complete is the
equivalence point (i.e. the point at
which equivalent quantities of acid
and base are added). The end point is
the point at which the indicator just
changes colour. For accuracy, the two
must be the same. During a titration
the pH changes sharply close to the
equivalence point, and the indicator
used must change colour over the
same range.

Other types of indicator can be
used for other reactions. Starch, for
example, is used in iodine titrations
because of the deep blue complex it
forms. Oxidation-reduction indica-
tors are substances that show a re-
versible colour change between
oxidized and reduced forms. See also
ADSORPTION INDICATOR.

indigo A blue vat dye, C;H;(N,0,.
It occurs as the glucoside indican in
the leaves of plants of the genus In-
digofera, from which it was formerly
extracted. It is now made syntheti-
cally.

indium Symbol In. A soft silvery el-
ement belonging to group 13 (for-
merly IIIB) of the periodic table; a.n.
49; r.a.m. 114.82; r.d. 7.31 (20°C);
m.p. 156.6°C; b.p. 2080+2°C. It occurs
in zinc blende and some iron ores
and is obtained from zinc flue dust in
total quantities of about 40 tonnes
per annum. Naturally occurring in-
dium consists of 4.23% indium-113
(stable) and 95.77% indium-115 (half
life 6 x 10'* years). There are a fur-
ther five short-lived radioisotopes.
The uses of the metal are small -
some special-purpose electroplates
and some special fusible alloys. Sev-
eral semiconductor compounds are
used, such as InAs, InP, and InSb.
With only three electrons in its va-
lency shell, indium is an electron ac-
ceptor and is used to dope pure
germanium and silicon; it forms sta-

ble indium(I), indium(II), and in-
dium(III) compounds. The element
was discovered in 1863 by Ferdinand
Reich (1799-1882) and Hieronymus
Richter (1824-90).

[ (&) see wes Lnks

¢ Information from the WebElements site
indole A yellow solid, CgH,N, m.p.
52°C. Its molecules consist of a ben-
zene ring fused to a nitrogen-contain-
ing five-membered ring. It occurs in
some plants and in coal tar, and is
produced in faeces by bacterial ac-
tion. It is used in making perfumes.
Indole has the nitrogen atom posi-
tioned next to the fused benzene
ring. An isomer with the nitrogen
two atoms away from the fused ring
is called isoindole.

A\ N\
N

Indole

induced emission (stimulated
emission) The emission of a photon
by an excited atom or molecule in-
duced by an incident photon of suit-
able energy. The relation between
induced emission and *spontaneous
emission is given by the *Einstein co-
efficients. The process of induced
emission is essential for the opera-
tion of lasers and masers.

induced-fit model A proposed
mechanism of interaction between
an enzyme and a substrate. It postu-
lates that exposure of an enzyme to a
substrate causes the *active site of
the enzyme to change shape in order
to allow the enzyme and substrate

to bind (see ENZYME-SUBSTRATE COM-
pLEX). This hypothesis is generally
preferred to the *lock-and-key mech-
anism.
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inductive effect The effect of a
group or atom of a compound in
pulling electrons towards itself or in
pushing them away. Inductive effects
can be used to explain some aspects
of organic reactions. For instance,
electron-withdrawing groups, such as
-NO,, -CN, -CHO, -COOH, and the
halogens substituted on a benzene
ring, reduce the electron density on
the ring and decrease its susceptibil-
ity to further (electrophilic) substitu-
tion. Electron-releasing groups, such
as -OH, -NH,, -OCHj;, and -CH3,
have the opposite effect. See also ELEC-
TRONIC EFFECTS.

industrial fermenter See BIOREAC-
TOR.

inelastic neutron scattering A
technique for investigating the mo-
tion of molecules by scattering neu-
trons. The neutrons pick up or lose
energy as they move through a sam-
ple of a liquid. The analysis of neu-
tron scattering experiments enables
information to be obtained about the
liquid.

inert gases See NOBLE GASES.

inert-pair effect An effect seen es-
pecially in groups 13 and 14 of the
periodic table, in which the heavier
elements in the group tend to form
compounds with a valency two lower
than the expected group valency. It is
used to account for the existence of
thallium(I) compounds in group 13
and lead(Il) in group 14. In forming
compounds, elements in these
groups promote an electron from a
filled s-level state to an empty p-level.
The energy required for this is more
than compensated for by the extra
energy gain in forming two more
bonds. For the heavier elements, the
bond strengths or lattice energies

in the compounds are lower than
those of the lighter elements. Conse-
quently the energy compensation is

less important and the lower valence
states become favoured.

infrared chemiluminescence A
technique for studying chemical re-
action mechanisms by measuring
and analysing weak infrared emis-
sions from product molecules formed
in certain chemical reactions. If prod-
ucts are formed with excess energy,
this appears as excited vibrational
states of the molecules, which decay
with emission of infrared radiation.
Spectroscopic investigation of this ra-
diation gives information about the
states in which the product mol-
ecules were formed.

infrared radiation (IR) Electro-
magnetic radiation with wavelengths
longer than that of red light but
shorter than radiowaves, i.e. radia-
tion in the wavelength range 0.7 mi-
crometre to 1 millimetre. It was
discovered in 1800 by William Her-
schel (1738-1822) in the sun’s spec-
trum. The natural vibrational
frequencies of atoms and molecules
and the rotational frequencies of
some gaseous molecules fall in the
infrared region of the electromag-
netic spectrum. The infrared absorp-
tion spectrum of a molecule is highly
characteristic of it and the spectrum
can therefore be used for molecular
identification. Glass is opaque to in-
frared radiation of wavelength
greater than 2 micrometres and
other materials, such as germanium,
quartz, and polyethylene, have to be
used to make lenses and prisms. Pho-
tographic film can be made sensitive
to infrared up to about 1.2 pm.

infrared spectroscopy (IR spec-
troscopy) A technique for chemical
analysis and the determination of
structure. It is based on the princi-
ples that molecular vibrations occur
in the infrared region of the electro-
magnetic spectrum and functional
groups have characteristic absorption
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frequencies. The frequencies of most
interest range from 2.5 to 16 um;
however, in IR spectroscopy it is
common to use the reciprocal of the
wavelength, and thus this range be-
comes 4000-625 cm™'. Examples of
typical vibrations are centred on
2900 cm™ for C-H stretching in alka-
nes, 1600 cm™ for N-H stretching in
amino groups, and 2200 cm™! for
C=C stretching in alkynes. In an IR
spectrometer there is a source of IR
light, covering the whole frequency
range of the instrument, which is
split into two beams of equal inten-
sity. One beam is passed through the
sample and the other is used as a ref-
erence against which the first is then
compared. The spectrum is usually
obtained as a chart showing absorp-
tion peaks, plotted against wave-
length or frequency. The sample can
be a gas, liquid, or solid. See also
FOURIER-TRANSFORM INFRARED.

Ingold, Sir Christopher Kelk
(1893-1970) British organic chemist
who worked chiefly in London. His
main work was on reaction mecha-
nisms and, particularly, on *elec-
tronic effects in physical organic
chemistry.

inhibition A reduction in the rate
of a catalysed reaction by substances
called inhibitors. Inhibitors may work
by poisoning catalysts for the reac-
tion or by removing free radicals in a
chain reaction. Enzyme inhibition af-
fects biochemical reactions, in which
the catalysts are *enzymes. Competi-
tive inhibition occurs when the in-
hibitor molecules resemble the
substrate molecules and bind to the
*active site of the enzyme, so pre-
venting normal enzymatic activ-

ity. Competitive inhibition can

be reversed by increasing the con-
centration of the substrate. In non-
competitive inhibition the inhibitor
binds to a part of the enzyme or *en-

zyme-substrate complex other than
the active site, known as an allosteric
site. This deforms the active site so
that the enzyme cannot catalyse the
reaction. Noncompetitive inhibition
cannot be reversed by increasing the
concentration of the substrate. The
toxic effects of many substances are
produced in this way. Inhibition by
reaction products (feedback inhibi-
tion) is important in the control of
enzyme activity. See also ALLOSTERIC
ENZYME.

inner Describing a chemical com-
pound formed by reaction of one
part of a molecule with another part
of the same molecule. Thus, a lactam
is an inner amide; a lactone is an
inner ester.

inner-sphere mechanism See
ELECTRON-TRANSFER REACTION.

inner transition series See TRAN-
SITION ELEMENTS.

inorganic chemistry The branch
of chemistry concerned with com-
pounds of elements other than
carbon. Certain simple carbon
compounds, such as CO, CO,, CS,,
and carbonates and cyanides, are
usually treated in inorganic chem-
istry.

insecticide See PESTICIDE.

insertion reaction A type of
chemical reaction in which an atom
or group is inserted between two
atoms in a molecule. A common ex-
ample is the insertion of carbene:

R3;C-X + CH,: — R;CCH,X
The opposite of an insertion reaction
is an extrusion reaction.

insulin A protein hormone, se-
creted by the f cells of the islets of
Langerhans in the pancreas, that pro-
motes the uptake of glucose by body
cells, particularly in the liver and
muscles, and thereby controls its
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concentration in the blood. Insulin
was the first protein whose amino-
acid sequence was fully determined
(in 1955). Underproduction of insulin
results in the accumulation of large
amounts of glucose in the blood and
its subsequent excretion in the urine.
This condition, known as diabetes
mellitus, can be treated successfully
by insulin injections.

intensive variable A quantityina
macroscopic system that has a well
defined value at every point inside
the system and that remains (nearly)
constant when the size of the system
is increased. Examples of intensive
variables are the pressure, tempera-
ture, density, specific heat capacity at
constant volume, and viscosity. An
intensive variable results when any
*extensive variable is divided by an
arbitrary extensive variable such as
the volume. A macroscopic system
can be described by one extensive
variable and a set of intensive vari-
ables.

intercalation cell A type of sec-
ondary cell in which layered elec-
trodes, usually made of metal oxides
or graphite, store positive ions be-
tween the crystal layers of an elec-
trode. In one type, lithium ions form
an intercalation compound with a
graphite electrode when the cell is
charged. During discharge, the ions
move through an electrolyte to the
other electrode, made of manganese
oxide, where they are more tightly
bound. When the cell is being
charged, the ions move back to their
positions in the graphite. This back-
wards and forwards motion of the
ions has led to the name rocking-
chair cell for this type of system. Such
cells have the advantage that only
minor physical changes occur to the
electrodes during the charging and
discharging processes and the elec-
trolyte is not decomposed but simply

serves as a conductor of ions. Conse-
quently, such cells can be recharged
many more times than, say, a lead-
acid accumulator, which eventually
suffers from degeneration of the elec-
trodes. Lithium cells, based on this
principle, have been used in portable
electronic equipment, such as cam-
corders. They have also been consid-
ered for use in electric vehicles.

intercalation compound A type
of compound in which atoms, ions,
or molecules are trapped between
layers in a crystal lattice. There is no
formal chemical bonding between
the host crystal and the trapped mol-
ecules (see also CLATHRATE). Such com-
pounds are formed by *lamellar
solids and are often nonstoichiomet-
ric; examples are graphitic oxide
(graphite-oxygen) and the mineral
*muscovite.

interhalogen A chemical com-
pound formed between two *halo-
gens. Interhalogens are highly
reactive and volatile, made by direct
combination of the elements. They
include compounds with two atoms
(C1F, IBr, etc.), four atoms (C1F;, IF,,
etc.), six atoms (BrFs, IFs, etc.) and IF,
with eight atoms.

intermediate bond See cHEMICAL
BOND.

intermediate coupling See J-J
COUPLING.

intermetallic compound A com-
pound consisting of two or more
metallic elements present in definite
proportions in an alloy.

intermolecular forces Weak
forces occurring between molecules.
See VAN DER WAALS’ FORCE; HYDROGEN
BOND.

internal conversion A process in
which an excited atomic nucleus de-
cays to the *ground state and the en-
ergy released is transferred by
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inverse Compton effect

electromagnetic coupling to one of
the bound electrons of that atom
rather than being released as a pho-
ton. The coupling is usually with an
electron in the K-, L-, or M-shell of
the atom, and this conversion elec-
tron is ejected from the atom with a
kinetic energy equal to the difference
between the nuclear transition en-
ergy and the binding energy of the
electron. The resulting ion is itself in
an excited state and usually subse-
quently emits an Auger electron or
an X-ray photon.

internal energy Symbol U. The
total of the kinetic energies of the
atoms and molecules of which a sys-
tem consists and the potential ener-
gies associated with their mutual
interactions. It does not include the
kinetic and potential energies of the
system as a whole nor their nuclear
energies or other intra-atomic ener-
gies. The value of the absolute inter-
nal energy of a system in any
particular state cannot be measured;
the significant quantity is the change
in internal energy, AU. For a closed
system (i.e. one that is not being re-
plenished from outside its bound-
aries) the change in internal energy
is equal to the heat absorbed by the
system (Q) from its surroundings, less
the work done (W) by the system on
its surroundings, i.e. AU=Q - W. See
also ENERGY; THERMODYNAMICS.

internal resistance The resistance
within a source of electric current,
such as a cell or generator. It can be
calculated as the difference between
the e.m.f. (E) and the potential differ-
ence (V) between the terminals di-
vided by the current being supplied
(), i.e. r=(E - V)[I, where r is the in-
ternal resistance.

interstellar molecules See AsTRO-
CHEMISTRY.

interstellar molecules See AsTrO-
CHEMISTRY.

interstitial See CRYSTAL DEFECT.

interstitial compound A com-
pound in which ions or atoms of a
nonmetal occupy interstitial posi-
tions in a metal lattice. Such com-
pounds often have metallic
properties. Examples are found in
the *carbides, *borides, and *sili-
cides.

intersystem crossing A process in
which a singlet excited electronic
state makes a transition to a triplet
excited state at the point where the
potential energy curves for the ex-
cited singlet and triplet states cross.
This transition is forbidden in the ab-
sence of *spin-orbit coupling but oc-
curs in the presence of spin-orbit
coupling. A triplet formed in this
way is frequently in an excited vibra-
tional state. This excited triplet state
can reach its lowest vibrational state
by collisions with other molecules.
The transition from this state to the
singlet state is forbidden in the ab-
sence of spin-orbit coupling but al-
lowed when there is spin-orbit
coupling. This gives rise to the slow
emision of electromagnetic radiation
known as *phosphorescence.

intrinsic factor See VITAMIN B cOM-
PLEX.

Invar A tradename for an alloy of
iron (63.8%), nickel (36%), and carbon
(0.2%) that has a very low expansivity
over a a restricted temperature
range. It is used in watches and other
instruments to reduce their sensitiv-
ity to changes in temperature.

inverse Compton effect The gain
in energy of low-energy photons
when they are scattered by free elec-
trons of much higher energy. As a
consequence, the electrons lose en-
ergy. See also COMPTON EFFECT.
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inversion A chemical reaction in-
volving a change from one optically
active configuration to the opposite
configuration. The Walden inversion
is an example. See NUCLEOPHILIC SUB-
STITUTION.

iodic acid Any of various oxoacids
of iodine, such as iodic(V) acid and
iodic(VII) acid. When used without an
oxidation state specified, the term
usually refers to iodic(V) acid (HIO;).

iodic(V) acid A colourless or very
pale yellow solid, HIOs; r.d. 4.63; de-
composes at 110°C. It is soluble in
water but insoluble in pure ethanol
and other organic solvents. The com-
pound is obtained by oxidizing io-
dine with concentrated nitric acid,
hydrogen peroxide, or ozone. Itis a
strong acid and a powerful oxidizing
agent.

iodic(VIl) acid (periodic acid) A hy-
groscopic white solid, HsIOg, which
decomposes at 140°C and is very
soluble in water, ethanol, and
ethoxyethane. lodic(VII) acid may be
prepared by electrolytic oxidation of
concentrated solutions of iodic(V)
acid at low temperatures. It is a weak
acid but a strong oxidizing agent.

iodide See HALIDE.

iodine Symbol I. A dark violet
nonmetallic element belonging to
group 17 of the periodic table (see
HALOGENS); a.n. 53; r.a.m. 126.9045;
r.d. 4.94; m.p. 113.5°C; b.p. 184.35°C.
The element is insoluble in water but
soluble in ethanol and other organic
solvents. When heated it gives a vio-
let vapour that sublimes. Iodine is
required as a trace element (see ES-
SENTIAL ELEMENT) by living organ-
isms; in animals it is concentrated in
the thyroid gland as a constituent of
thyroid hormones. The element is
present in sea water and was for-
merly extracted from seaweed. It is
now obtained from oil-well brines

(displacement by chlorine). There is
one stable isotope, iodine-127, and
fourteen radioactive isotopes. It is
used in medicine as a mild antiseptic
(dissolved in ethanol as tincture of io-
dine), and in the manufacture of io-
dine compounds. Chemically, it is
less reactive than the other halogens
and the most electropositive (metal-
lic) halogen. In solution it can be
determined by titration using thio-
sulphate solution:

I, + 25,05% — 2I" + S ,06*".
The molecule forms an intense blue
complex with starch, which is conse-
quently used as an indicator. It was
discovered in 1812 by Courtois.
[ @) see wes Links J
e Information from the WebElements site
iodine(V) oxide (iodine pentoxide)
A white solid, [,0s; r.d. 4.799; decom-
poses at 300-350°C. It dissolves in
water to give iodic(V) acid and also
acts as an oxidizing agent.

iodine value A measure of the
amount of unsaturation in a fat or
vegetable oil (i.e. the number of dou-
ble bonds). It is obtained by finding
the percentage of iodine by weight
absorbed by the sample in a given
time under standard conditions.

iodoethane (ethyl iodide) A colour-
less liquid *haloalkane, C,Hs[; r.d.
1.9; m.p. -108°C; b.p. 72°C. It is made
by reacting ethanol with a mixture of
iodine and red phosphorus.

iodoform See TRIIODOMETHANE.

iodoform test See HALOFORM REAC-
TION.

iodomethane (methyl iodide) A
colourless liquid haloalkane, CH;l;
r.d. 2.28; m.p. -66.45°C; b.p. 42.4°C. It
can be made by reacting methanol
with a mixture of iodine and red
phosphorus.

ion An atom or group of atoms that
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ionic product

has either lost one or more electrons,
making it positively charged (a
cation), or gained one or more elec-
trons, making it negatively charged
(an anion). See also IONIZATION.

ion association The electrostatic
attraction between ions in solutions
of electrolytes that causes them to as-
sociate in pairs. As a result, complete
dissociation does not take place and
experimentally found electrical con-
ductivities are lower than those pre-
dicted by the *Debye-Hiickel theory.
In 1926, Neils Bjerrum (1879-1958)
proposed improving the Debye-
Hiickel theory by taking ion associa-
tion into account. He found that the
significance of ion association in-
creases as the relative permittivity
of the solvent decreases.

ion exchange The exchange of
ions of the same charge between a
solution (usually aqueous) and a solid
in contact with it. The process occurs
widely in nature, especially in the
absorption and retention of water-
soluble fertilizers by soil. For exam-
ple, if a potassium salt is dissolved in
water and applied to soil, potassium
ions are absorbed by the soil and
sodium and calcium ions are released
from it.

The soil, in this case, is acting as
an ion exchanger. Synthetic ion-
exchange resins consist of various
copolymers having a cross-linked
three-dimensional structure to which
ionic groups have been attached. An
anionic resin has negative ions built
into its structure and therefore ex-
changes positive ions. A cationic resin
has positive ions built in and ex-
changes negative ions. Ion-exchange
resins, which are used in sugar refin-
ing to remove salts, are synthetic or-
ganic polymers containing side
groups that can be ionized. In anion
exchange, the side groups are ion-
ized basic groups, such as -NH;* to

which anions X~ are attached. The ex-
change reaction is one in which dif-
ferent anions in the solution displace
the X~ from the solid. Similarly,
cation exchange occurs with resins
that have ionized acidic side groups
such as -COO- or -SO,0-, with posi-
tive ions M* attached.

Ion exchange also occurs with inor-
ganic polymers such as *zeolites, in
which positive ions are held at sites
in the silicate lattice. These are used
for water-softening, in which Ca?*
ions in solution displace Na* ions in
the zeolite. The zeolite can be regen-
erated with sodium chloride solution.
lon-exchange membranes are used as
separators in electrolytic cells to re-
move salts from sea water and in
producing deionized water. Ion-
exchange resins are also used as the
stationary phase in ion-exchange
chromatography.

ion-exchange chromatography
See ION EXCHANGE.

ionic bond See CHEMICAL BOND.
ionic crystal See CRYSTAL.

ionic product The product of the
concentrations of ions present in a
given solution taking the stoichiome-
try into account. For a sodium chlo-
ride solution the ionic product is
[Na*]|CI; for a calcium chloride solu-
tion it is [Ca?*|[Cl7]2. In pure water,
there is an equilibrium with a small
amount of self-ionization:

H,0 = H*+ OH-
The equilibrium constant of this dis-
sociation is given by

Ky = [H*][OH"]
since the concentration [H,0] can
be taken as constant. Ky is referred
to as the ionic product of water. It
has the value 10" mol? dm~* at
25°C. In pure water (i.e. no added
acid or added alkali) [H*] = [OH"] =
1077 mol dm-3. In this type of self-
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ionization of a solvent the ionic prod-
uct is also called the autoprotolysis
constant. See also SOLUBILITY PRODUCT;
PH SCALE.

ionic radius A value assigned to
the radius of an ion in a crystalline
solid, based on the assumption that
the ions are spherical with a definite
size. X-ray diffraction can be used to
measure the internuclear distance in
crystalline solids. For example, in
NaF the Na - F distance is 0.231 nm,
and this is assumed to be the sum of
the Na* and F- radii. By making cer-
tain assumptions about the shielding
effect that the inner electrons have
on the outer electrons, it is possible
to assign individual values to the
ionic radii - Na* 0.096 nm; F~ 0.135
nm. In general, negative ions have
larger ionic radii than positive ions.
The larger the negative charge, the
larger the ion; the larger the positive
charge, the smaller the ion. See also
HYDRODYNAMIC RADIUS.

ionic strength Symbol I. A func-
tion expressing the effect of the
charge of the ions in a solution,
equal to the sum of the molality of
each type of ion present multiplied
by the square of its charge. I = Zm;z;2.

ionization The process of produc-

ing *ions. Certain molecules (see

ELECTROLYTE) ionize in solution; for

example, *acids ionize when dis-

solved in water (see also SOLVATION):
HCl - H*+ Cl-

Electron transfer also causes ioniza-
tion in certain reactions; for exam-
ple, sodium and chlorine react by the
transfer of a valence electron from
the sodium atom to the chlorine
atom to form the ions that constitute
a sodium chloride crystal:

Na + Cl — Na*Cl~
Ions may also be formed when an

atom or molecule loses one or more
electrons as a result of energy gained

in a collision with another particle or
a quantum of radiation (see PHO-
TOIONIZATION). This may occur as a
result of the impact of *ionizing radi-
ation or of thermal ionization and
the reaction takes the form

A—>A"+e

Alternatively, ions can be formed by
electron capture, i.e.

A+te— A

ionization energy (IE) See I0N1zA-
TION POTENTIAL.

ionization gauge A vacuum gauge
consisting of a three-electrode system
inserted into the container in which
the pressure is to be measured. Elec-
trons from the cathode are attracted
to the grid, which is positively bi-
ased. Some pass through the grid but
do not reach the anode, as it is main-
tained at a negative potential. Some
of these electrons do, however, col-
lide with gas molecules, ionizing
them and converting them to posi-
tive ions. These ions are attracted to
the anode; the resulting anode cur-
rent can be used as a measure of the
number of gas molecules present.
Pressure as low as 107° pascal can be
measured in this way.

ionization potential (IP) Symbol I.
The minimum energy required to re-
move an electron from a specified
atom or molecule to such a distance
that there is no electrostatic interac-
tion between ion and electron. Origi-
nally defined as the minimum
potential through which an electron
would have to fall to ionize an atom,
the ionization potential was meas-
ured in volts. It is now, however,
defined as the energy to effect an ion-
ization and is conveniently measured
in electronvolts (although this is not
an SI unit) or joules per mole. The
synonymous term ionization energy
(IE) is often used.

The energy to remove the least
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ion-mobility spectrometry

strongly bound electron is the first
ionization potential. Second, third,
and higher ionization potentials can
also be measured, although there is
some ambiguity in terminology.
Thus, in chemistry the second ioniza-
tion potential is often taken to be the
minimum energy required to remove
an electron from the singly charged
ion; the second IP of lithium would
be the energy for the process

Li*t > Li** +e
In physics, the second ionization po-
tential is the energy required to re-
move an electron from the next to
highest energy level in the neutral
atom or molecule; e.g.

Li » Lit+e,
where Li* is an excited singly
charged ion produced by removing
an electron from the K-shell.
(@) see wes s J
¢ A table of values from NIST
ionizing radiation Radiation of
sufficiently high energy to cause
*ionization in the medium through
which it passes. It may consist of a
stream of high-energy particles (e.g.
electrons, protons, alpha-particles) or
short-wavelength electromagnetic ra-
diation (ultraviolet, X-rays, gamma-
rays). This type of radiation can cause
extensive damage to the molecular
structure of a substance either as a
result of the direct transfer of energy
to its atoms or molecules or as a re-
sult of the secondary electrons re-
leased by ionization. In biological
tissue the effect of ionizing radiation
can be very serious, usually as a con-
sequence of the ejection of an elec-
tron from a water molecule and the
oxidizing or reducing effects of the
resulting highly reactive species:

2H,0 —» e~ + H,0 + H,0*
H,0* - .OH + .H
H,0* + H,0 — .OH + H;0"

where the dot before a radical indi-
cates an unpaired electron and an *
denotes an excited species.

ion-microprobe analysis A tech-
nique for analysing the surface com-
position of solids. The sample is
bombarded with a narrow beam (as
small as 2 um diameter) of high-
energy ions. Ions ejected from the
surface by sputtering are detected by
mass spectrometry. The technique al-
lows quantitative analysis of both
chemical and isotopic composition
for concentrations as low as a few
parts per million.

ion-mobility spectrometry (IMS)
A technique for detecting low con-
centrations of specific compounds,
based on the rate at which their ions
migrate through an electric field. The
instrument operates in the gas phase
at atmospheric pressure. The sample
vapour enters an ionizing region,
where ions can be produced by a va-
riety of methods. In compact instru-
ments the source is usually a small
amount of radioactive material. The
ions are allowed in pulses into a drift
tube, where they move to a detector
under the influence of a homoge-
neous electric field. The rate of move-
ment depends on the way the ions
interact with neutral molecules in
the tube and this depends on the
ion’s size and shape. The spectrum is
a plot of detector signal against time,
and is characteristic of the sample
being ionized. Ion-mobility spectrom-
eters are compact, sensitive, and fast-
acting. They are widely used in
screening for drugs and explosives at
airports, border crossings, etc. often
the technique is to wipe a swab over
luggage and place it in the instru-
ment. More sophisticated instru-
ments combine IMS with gas
chromatography or mass spectrome-
try. The technique is sometimes
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referred to as gas-phase electro-
phoresis.

ionophore A relatively small hy-
drophobic molecule that facilitates
the transport of ions across lipid
membranes. Most ionophores are
produced by microorganisms. There
are two types of ionophore: channel
formers, which combine to form a
channel in the membrane through
which ions can flow; and mobile ion
carriers, which transport ions across
a membrane by forming a complex
with the ion.

ion pair A pair of oppositely
charged ions produced as a result of
a single ionization; e.g.

HCl —» H* + CI.

Sometimes a positive ion and an elec-
tron are referred to as an ion pair, as
in

A—->At+e.

ion pump A type of *vacuum
pump that can reduce the pressure
in a container to about 1 nanopascal
by passing a beam of electrons
through the residual gas. The gas is
ionized and the positive ions formed
are attracted to a cathode within
the container where they remain
trapped. The pump is only useful at
very low pressures, i.e. below about
1 micropascal. The pump has a lim-
ited capacity because the absorbed
ions eventually saturate the surface
of the cathode. A more effective
pump can be made by simultane-
ously producing a film of metal by
ion impact (sputtering), so that
fresh surface is continuously pro-
duced. The device is then known as
a sputter-ion pump.

IP See IONIZATION POTENTIAL.
IR See INFRARED RADIATION.

iridium Symbol Ir. A silvery metal-
lic *transition element (see also PLAT-

INUM METALS); a.n. 77; r.a.m. 192.20;
r.d. 22.42; m.p. 2410°C; b.p. 4130°C.
It occurs with platinum and is
mainly used in alloys with platinum
and osmium. The element forms a
range of iridium(IIl) and iridium(IV)
complexes. It was discovered in 1804
by Smithson Tennant (1761-1815).

[ @) see wes Links J

¢ Information from the WebElements site
iron Symbol Fe. A silvery malleable
and ductile metallic *transition el-
ement; a.n. 26; r.a.m. 55.847; r.d.
7.87; m.p. 1535°C; b.p. 2750°C. The
main sources are the ores *haematite
(Fe,05), *magnetite (Fe;0,4), limonite
(FeO(OH),H,0), ilmenite (FeTiOs),
siderite (FeCOs;), and pyrite (FeS,).
The metal is smelted in a *blast fur-
nace to give impure *pig iron, which
is further processed to give *cast
iron, *wrought iron, and various
types of *steel. The pure element has
three crystal forms: alpha-iron, stable
below 906°C with a body-centred-
cubic structure; gamma-iron, stable
between 906°C and 1403°C with a
nonmagnetic face-centred-cubic
structure; and delta-iron, which is
the body-centred-cubic form above
1403°C. Alpha-iron is ferromagnetic
up to its Curie point (768°C). The el-
ement has nine isotopes (mass num-
bers 52-60), and is the fourth most
abundant in the earth’s crust. It is re-
quired as a trace element (see ESSEN-
TIAL ELEMENT) by living organisms.
Iron is quite reactive, being oxidized
by moist air, displacing hydrogen
from dilute acids, and combining
with nonmetallic elements. It forms
ionic salts and numerous complexes
with the metal in the +2 or +3 oxida-
tion states. Iron(VI) also exists in the
ferrate ion FeO,?-, and the element
also forms complexes in which its ox-
idation number is zero (e.g. Fe(CO)s).
[ @) see wes Links J

¢ Information from the WebElements site
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iron(lll) sulphate

iron(ll) chloride A green-yellow
deliquescent compound, FeCl,;
hexagonal; r.d. 3.16; m.p. 670°C. It
also exists in hydrated forms:
FeCl,.2H,0 (green monoclinic; r.d.
2.36) and FeCl,.4H,0 (blue-green
monoclinic deliquescent; r.d. 1.93).
Anhydrous iron(Il) chloride can be
made by passing a stream of dry hy-
drogen chloride over the heated
metal; the hydrated forms can be
made using dilute hydrochloric acid
or by recrystallizing with water. It is
converted into iron(Ill) chloride by
the action of chlorine.

iron(lll) chloride A black-brown
solid, FeCl;; hexagonal; r.d. 2.9; m.p.
306°C; decomposes at 315°C. It also
exists as the hexahydrate FeCl;.6H,0,
a brown-yellow deliquescent crys-
talline substance (m.p. 37°C; b.p.
280-285°C). Iron(IlI) chloride is pre-
pared by passing dry chlorine over
iron wire or steel wool. The reaction
proceeds with incandescence when
started and iron(IIl) chloride sublimes
as almost black iridescent scales. The
compound is rapidly hydrolysed in
moist air. In solution it is partly
hydrolysed; hydrolysis can be sup-
pressed by the addition of hydro-
chloric acid. The compound dissolves
in many organic solvents, forming
solutions of low electrical conductiv-
ity: in ethanol, ethoxyethane, and
pyridine the molecular weight cor-
responds to FeCl; but is higher in
other solvents corresponding to
Fe,Clg. The vapour is also dimerized.
In many ways the compound resem-
bles aluminium chloride, which it
may replace in Friedel-Crafts reac-
tions.

iron(ll) oxide A black solid, FeO;
cubic; r.d. 5.7; m.p. 1420°C. It can be
obtained by heating iron(Il) oxalate;
the carbon monoxide formed pro-
duces a reducing atmosphere thus
preventing oxidation to iron(IIl)

oxide. The compound has the sodium
chloride structure, indicating its
ionic nature, but the crystal lattice is
deficient in iron(Il) ions and it is non-
stoichiometric. Iron(Il) oxide dis-
solves readily in dilute acids.

iron(lll) oxide A red-brown to
black insoluble solid, Fe,Os; trigonal;
r.d. 5.24; m.p. 1565°C. There is also a
hydrated form, Fe,0;.xH,0, which is
a red-brown powder; r.d. 2.44-3.60.
(See RUSTING.)

Iron(Ill) oxide occurs naturally as
*haematite and can be prepared by
heating iron(Ill) hydroxide or iron(II)
sulphate. It is readily reduced on
heating in a stream of carbon
monoxide or hydrogen.

iron pyrites See PYRITE.

iron(ll) sulphate An off‘white
solid, FeSO,.H,0O; monoclinic; r.d.
2.970. There is also a heptahydrate,
FeSO,.7H,0; blue-green monoclinic;
r.d. 1.898; m.p. 64°C. The heptahy-
drate is the best known iron(Il) salt
and is sometimes called green vitriol
or copperas. It is obtained by the ac-
tion of dilute sulphuric acid on iron
in a reducing atmosphere. The anhy-
drous compound is very hygroscopic.
It decomposes at red heat to give
iron(Ill) oxide, sulphur trioxide, and
sulphur dioxide. A solution of iron(II)
sulphate is gradually oxidized on ex-
posure to air, a basic iron(IIl) sul-
phate being deposited.

iron(lll) sulphate A yellow hygro-
scopic compound, Fe,(SO,);; thom-
bic; r.d. 3.097; decomposes above
480°C. It is obtained by heating an
aqueous acidified solution of iron(II)
sulphate with hydrogen peroxide:
2FeSO, + H,SO, + H,0, —
Fe,(SO,); + 2H,0
On crystallizing, the hydrate
Fe,(SO,4);.9H,0 is formed. The acid
sulphate Fe,(SO,);.H,S0,.8H,0 is de-
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posited from solutions containing a
sufficient excess of sulphuric acid.

irreducible representation A
representation of a symmetry opera-
tion of a group, which cannot be ex-
pressed in terms of a representation
of lower dimension. When the repre-
sentation of the group is in matrix
form (i.e. a set of matrices that multi-
ply in the same way as the elements
of the group), the matrix represen-
tation cannot be put into block-
diagonal form by constructing a lin-
ear combination of the basis func-
tions. The importance of irreducible
representations in *quantum me-
chanics is that the energy levels of
the system are labelled by the irre-
ducible representations of the sym-
metry group of the system, thus
enabling *selection rules to be de-
duced. In contrast to an irreducible
representation, a reducible represen-
tation can be expressed in terms of a
representation of lower dimension,
with a reducible matrix representa-
tion that can be put into block diago-
nal form by constructing a linear
combination of the basis functions.

irreversibility The property of a
system that precludes a change to
the system from being a *reversible
process. The paradox that although
the equations describing the bodies
in a system, such as Newton’s laws of
motion, Maxwell’s equation, or
Schrédinger’s equation are invariant
under time reversal, events involving
systems made up from large num-
bers of these bodies are not re-
versible. The process of scrambling
an egg is an example. The resolution
of this paradox requires the concept
of *entropy using *statistical me-
chanics. Irreversibility occurs in the
transition from an ordered arrange-
ment to a disordered arrangement,
which is a natural trend, since

changes in a closed system occur in
the direction of increasing entropy.

irreversible process Sece IRRE-
VERSIBILITY; REVERSIBLE PROCESS.

irreversible reaction Se¢ cCHEMI-
CAL REACTION.

IR spectroscopy See INFRARED
SPECTROSCOPY.

isentropic process Any process
that takes place without a change of
*entropy. The quantity of heat trans-
ferred, 8Q, in a reversible process is
proportional to the change in en-
tropy, oS, i.e. 8Q = T3S, where T is the
thermodynamic temperature. There-
fore, a reversible *adiabatic process
is isentropic, i.e. when 8Q equals
zero, dS also equals zero.

Ising model A model for magnetic
systems in which atomic *spins have
to be aligned either parallel or an-
tiparallel to a given direction. The
Ising model was introduced, and
solved in the case of one dimension,
by E. Ising in 1925. Ising found that
in one dimension, in the absence of
an external magnetic field, there is
no spontaneous magnetization at any
temperature above absolute zero.
The study of *phase transitions in
the Ising model in dimensions
greater than one has been very im-
portant to the general understanding
of phase transitions. In two dimen-
sions, the Ising model was first solved
exactly by L. Onsager in 1944. In
three dimensions, approximation
techniques, frequently involving
renormalization have to be used.

ISIS/Draw A commonly used chem-
ical drawing program for 2D and 3D
structures, copyright of MDL Infor-
mation Systems, Inc. The program
has certain additional features in-
cluding calculation of molecular
weight, calculation of percentages of
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isomerism

elements present, [UPAC name gen-

eration, and viewing in RasMol.

[ @) see wes Links J

e A limited version of ISIS/Draw at the
Elsevier MDL website (free registration
required)

iso- Prefix denoting that a com-
pound is an *isomer, e.g. isopentane
(CH5;CH(CH3)C,Hs, 2-methylbutane) is
an isomer of pentane.

isobar 1. A curve on a graph indi-
cating readings taken at constant
pressure. 2. One of two or more nu-
clides that have the same number of
nucleons but different *atomic num-
bers. Radium-88, actinium-89, and
thorium-90 are isobars as each has a
*nucleon number of 228.

isocyanate See CYANIC ACID.
isocyanic acid See CYANIC ACID.
isocyanide See ISONITRILE.

isocyanide test A test for primary
amines by reaction with an alcoholic
solution of potassium hydroxide and
trichloromethane.

RNH, + 3KOH + CHCl, — RNC +
3KCl + 3H,0

The isocyanide RNC is recognized by
its unpleasant smell. This reaction of
primary amines is called the carby-
lamine reaction.

isoelectric point The point at
which a substance (such as a colloid
or protein) has zero net electric
charge. Usually such substances are
positively or negatively charged, de-
pending on whether hydrogen ions
or hydroxyl ions are predominantly
absorbed. At the isoelectric point the
net charge on the substance is zero,
as positive and negative ions are ab-
sorbed equally. The substance has its
minimum conductivity at its isoelec-
tric point and therefore coagulates
best at this point. In the case of hy-
drophilic substances, in which the

surrounding water prevents coagula-
tion, the isoelectric point is at the
minimum of stability. The isoelectric
point is characterized by the value of
the pH at that point. Above the iso-
electric pH level the substance acts as
a base and below this level it acts as
an acid. For example, at the isoelec-
tric point the pH of gelatin is 4.7. Pro-
teins precipitate most readily at their
isoelectric points; this property can
be utilized to separate mixtures of
proteins or amino acids.

isoelectronic Denoting different
molecules that have the same num-
ber of electrons. For example N, and
CO are isoelectronic. The energy
level diagrams of isoelectronic mol-
ecules are therefore similar.

isoenzyme See ISOZYME.
isoindole See INDOLE.

isoleptic complex A metal com-
plex in which all the ligands are the
same.

isoleucine See AMINO ACID.

isomerism The existence of chemi-
cal compounds (isomers) that have
the same molecular formulae but dif-
ferent molecular structures or differ-
ent arrangements of atoms in space.
In structural (or constitutional iso-
merism) isomerism the molecules
have different molecular structures:
i.e. they may be different types of
compound or they may simply differ
in the position of the functional
group in the molecule. Structural iso-
mers generally have different physi-
cal and chemical properties. In
stereoisomerism, the isomers have
the same formula and functional
groups, but differ in the arrangement
of groups in space. Optical isomerism
is one form of this (see OPTICAL ACTIV-
ITY). Another type is cis—trans iso-
merism (formerly geometrical
isomerism), in which the isomers
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H H H H H
H—l—C—C—CI H—l—(ll—clf—H
. i
1-chloropropane 2-chloropropane

structural isomers in which the functional group has different positions

H H H H
H—(ll—O—(li—H H—C—C—OH
oo bl
methoxymethane ethanol
n structural isomers in which the functional groups are different
H CH, CH, CH,
\C= / \C == C/
CH, \H H/ \H
trans-but-2-ene cis-but-2-ene

cis-trans isomers in which the groups are distributed on a double bond

Cl ~mmmmmmmmm s N | mmmmmmmmm Yol
/ Pt\ ,/ / Pt\ /
e cl e cl

cis-trans isomers in a square-planar complex

o} OH
_Cl —Cc— — C|= J—
keto form enol form
keto-enol tautomerism
Isomerism
have different positions of groups complexes with formulae of the type
with respect to a double bond or ring MX;Y; can display a different type of
or central atom (see illustration). isomerism. If the three X ligands are
Octahedral complexes can display in a plane that includes the metal

cis-trans isomerism if they have for-  atom and the three Y ligands are in a
mulae of the type MX,Y,. Octahedral  different plane at right angles, then
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Y Y
Y\ x\
xiM\ix X M\ Y
\ Y
\ \
trans-isomer cis-isomer
X X
AN N
X—— M\iv X M\ Y
Y Y
\ X
fac-isomer mer-isomer
Isomerism
the structure is a mer-isomer (merid- (@RI

ional). If the three X ligands are all
on one face of the octahedron and
the three Y ligands are on an oppo-
site face, then it is a fac-isomer (fa-
cial). See also AMBIDENTATE; E-Z
CONVENTION.

isomers See ISOMERISM.

isometric 1. (in crystallography)
Denoting a system in which the axes
are perpendicular to each other, as in
cubic crystals. 2. Denoting a line on
a graph illustrating the way in which
temperature and pressure are inter-
related at constant volume.

isomorphism The existence of two
or more substances (isomorphs) that
have the same crystal structure, so
that they are able to form *solid solu-
tions.

isonitrile (isocyanide; carbylamine)
An organic compound containing the
group -NC, in which the bonding is
to the nitrogen atom.

¢ Information about IUPAC nomenclature

iso-octane See OCTANE; OCTANE
NUMBER.

isopleth A vertical line in a lig-
uid-vapour phase diagram consisting
of a line of constant composition of
the whole system as the pressure is
changed. The word isopleth comes
from the Greek for ‘equal abun-
dance’. See also TIE LINE.

isopoly compound See CLUSTER
COMPOUND.

isopolymorphism The property of
a substance with more than one crys-
talline structure that is isomorphous
with the crystalline structures of an-
other substance (see POLYMORPHISM).
For example, antimony(IIl) oxide,
Sb,05, has both rhombic and octahe-
dral structures and these are isomor-
phous with the similar structures of
arsenic(Ill) oxide, As,O5; both oxides
therefore exhibit isopolymorphism.
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isoprene A colourless liquid diene,
CH,:C(CH;)CH:CH,. The systematic
name is 2-methylbuta-1,3-diene. The
isoprene structure is the fundamen-
tal structural unit in *terpenes and
natural *rubber. The compound itself
is used in making synthetic rubbers.

isoquinoline See QUINOLINE.
isotactic polymer See POLYMER.

isotherm 1. A line on a map or
chart joining points or places of
equal temperature. 2. A curve on a
graph representing readings taken at
constant temperature (e.g. the rela-
tionship between the pressure and
volume of a gas at constant tempera-
ture).

isothermal process Any process
that takes place at constant tempera-
ture. In such a process heat is, if nec-
essary, supplied or removed from the
system at just the right rate to main-
tain constant temperature. Compare
ADIABATIC PROCESS.

isotonic Describing solutions that
have the same osmotic pressure.

isotope One of two or more atoms
of the same element that have the
same number of protons in their nu-
cleus but different numbers of neu-
trons. Hydrogen (1 proton, no
neutrons), deuterium (1 proton, 1
neutron), and tritium (1 proton, 2
neutrons) are isotopes of hydrogen.
Most elements in nature consist of a
mixture of isotopes. See ISOTOPE SEPA-
RATION.

isotope separation The separa-
tion of the *isotopes of an element
from each other on the basis of slight
differences in their physical proper-
ties. For laboratory quantities the
most suitable device is often the
mass spectrometer. On a larger scale
the methods used include gaseous
diffusion (widely used for separating
isotopes of uranium in the form of

the gas uranium hexafluoride), distil-
lation (formerly used to produce
heavy water), electrolysis (requiring
cheap electrical power), thermal dif-
fusion (formerly used to separate ura-
nium isotopes, but now considered
uneconomic) and centrifuging. Vari-
ous laser methods (involving the
excitation of one isotope and its
subsequent separation by electro-
magnetic means) have also been
employed.

isotopic isomers See ISOTOPOMERS.

isotopic number (neutron excess)
The difference between the number
of neutrons in an isotope and the
number of protons.

isotopologues Substances that dif-
fer only in isotopic composition, e.g.
CH,0H, CH,DOH, CHD,0H, CD;0H,
CD;0D.

isotopomers (isotopic isomers)
Molecules that have the same num-
bers of each type of isotopic atom
but in different arrangements in the
molecule. For example, CH,DOH and
CH,;0D are isotopomers.

isotropic Denoting a medium
whose physical properties are inde-
pendent of direction. Compare
ANISOTROPIC.

isozyme (isoenzyme) One of several
forms of an enzyme in an individual
or population that catalyse the same
reaction but differ from each other
in such properties as substrate
affinity and maximum rates of en-
zyme-substrate reaction (see
MICHAELIS-MENTEN CURVE).

itaconic acid A product of the fer-
mentation of the filamentous fungus
Aspergillus niger. Itaconic acid is used
commercially in the production of
adhesives and paints.

IUPAC International Union of Pure
and Applied Chemistry. An interna-
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IUPAC

tional nongovernmental body
formed in 1919 to foster worldwide

communications in chemical science,

both academic and industrial. [UPAC
is the international authority defin-
ing recommended terminology,
atomic weights, isotopic abundances,

and other data. The IUPAC rules for
systematic chemical nomenclature
are widely adopted. IUPAC also intro-
duced the *InChlI line notation for
compounds.

[ @) see wes uncs ]

e The IUPAC home page



Jablonski diagram A diagram
that represents the electronic energy
levels (and their relative positions) of
a molecule. A Jablonski diagram en-
ables radiative transitions between
energy levels in molecules, as well as
such phenomena as internal conver-
sion, to be shown. The vertical axis
measures energy, with the electronic
energy levels in their lowest vibra-
tional states being short horizontal
lines. The vibrational energy levels of
a particular electronic state are
drawn as shaded regions above the
horizontal line for that state. In a
Jablonski diagram the horizontal lo-
cation of the electronic state is not
related to the internuclear distance
between the atoms in these states.

jacinth See zirRcon.

jade A hard semiprecious stone
consisting either of jadeite or
nephrite. Jadeite, the most valued of
the two, is a sodium aluminium py-
roxene, NaAlSi,Og. It is prized for its
intense translucent green colour but
white, green and white, brown, and
orange varieties also occur. The only
important source of jadeite is in the
Mogaung region of upper Burma.
Nephrite is one of the amphibole
group of rock-forming minerals. It
occurs in a variety of colours, includ-
ing green, yellow, white, and black.
Sources include the Siberia, Turk-
istan, New Zealand, Alaska, China,
and W USA.

jadeite See JADE.

Jahn-Teller effect If a likely struc-
ture of a nonlinear molecule or ion
would have degenerate orbitals (i.e.
two molecular orbitals with the same

energy levels) the actual structure of
the molecule or ion is distorted so as
to split the energy levels (‘raise’ the
degeneracy). The effect is observed in
inorganic complexes. For example,
the ion [Cu(H,0)g]** is octahedral and
the six ligands might be expected to
occupy equidistant positions at the
corners of a regular octahedron. In
fact, the octahedron is distorted,
with four ligands in a square and two
opposite ligands further away. If the
‘original’ structure has a centre of
symmetry, the distorted structure
must also have a centre of symmetry.
The effect was predicted theoretically
by H. A. Jahn (1907-79) and Edward
Teller (1908-2003) in 1937.

jargoon See ZIRCON.

jasper An impure variety of *chal-
cedony. It is associated with iron ores
and as a result contains iron oxide
impurities that give the mineral its
characteristic red or reddish-brown
colour. Jasper is used as a gemstone.

jet Avariety of *coal that can be cut
and polished and is used for jew-
ellery, ornaments, etc.

jeweller’s rouge Red powdered
haematite, iron(Ill) oxide, Fe,O,. It is
a mild abrasive used in metal clean-
ers and polishes.

j-j coupling A type of *coupling oc-
curring between electrons in atoms
and nucleons in nuclei, in which

the energies associated with the
spin-orbit interactions are much
higher than the energies associated
with electrostatic repulsion. *Multi-
plets of many-electron atoms having
a large atomic number are character-
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ized by j-j coupling. The multiplets of
many atoms and nuclei are interme-
diate between j-j coupling and *Rus-
sell-Saunders coupling, a state called
intermediate coupling.

Joliot-Curie, Iréne (1897-1956)
French physicist, daughter of Marie
and Pierre *Curie, who was educated
by her mother and her scientist asso-
ciates. In 1921 she began work at the
Radium Institute, becoming director
in 1946. In 1926 she married Frédéric
Joliot (1900-58). They shared the
1935 Nobel Prize for chemistry for
their discovery of artificial radioactiv-
ity the previous year.

joliotium See TRANSACTINIDE EIL-
EMENTS.

JMol A commonly used molecular

viewing program similar to RasMol.

It can be used as an applet in a web

page.

[ @) see wes uncs ]

¢ Details and a download for JMol from
SourceForge

joule Symbol J. The *SI unit of
work and energy equal to the work
done when the point of application
of a force of one newton moves, in
the direction of the force, a distance
of one metre. 1 joule = 107 ergs =
0.2388 calorie. It is named after
James Prescott *Joule.

Joule, James Prescott (1818-89)
British physicist. In 1840 he discov-
ered the relationship between elec-
tric current passing through a wire,
its resistance, and the amount of
heat produced. In 1849 he gave an ac-
count of the kinetic theory of gases,
and a year later announced his best-
known finding, the mechanical
equivalent of heat. Later, with

William Thomson (Lord *Kelvin), he
discovered the *Joule-Thomson ef-
fect.

Joule’s law The *internal energy
of a given mass of gas is independent
of its volume and pressure, being a
function of temperature alone. This
law, which was formulated by James
Prescott Joule, applies only to *ideal
gases (for which it provides a defini-
tion of thermodynamic temperature)
as in a real gas intermolecular forces
would cause changes in the internal
energy should a change of volume
occur. See also JOULE-THOMSON
EFFECT.

Joule-Thomson effect (Joule-
Kelvin effect) The change in temper-
ature that occurs when a gas expands
through a porous plug into a region
of lower pressure. For most real gases
the temperature falls under these cir-
cumstances as the gas has to do inter-
nal work in overcoming the
intermolecular forces to enable the
expansion to take place. This is a de-
viation from *Joule’s law. There is
usually also a deviation from *Boyle’s
law, which can cause either a rise or
a fall in temperature since any in-
crease in the product of pressure and
volume is a measure of external
work done. At a given pressure, there
is a particular temperature, called
the inversion temperature of the gas,
at which the rise in temperature
from the Boyle’s law deviation is bal-
anced by the fall from the Joule’s law
deviation. There is then no tempera-
ture change. Above the inversion
temperature the gas is heated by ex-
pansion, below it, it is cooled. The ef-
fect was discovered by James Prescott
Joule working in collaboration with
William Thomson (later Lord Kelvin).



kainite A naturally occurring dou-
ble salt of magnesium sulphate and
potassium chloride, MgS0O,.KC1.3H,0.

kalinite A mineral form of *alu-
minium potassium sulphate
(Al5(SO4)5.K,S0,4.24H,0).

kaolin (china clay) A soft white clay
that is composed chiefly of the min-
eral kaolinite (See CLAY MINERALS). It is
formed during the weathering and
hydrothermal alteration of other
clays or feldspar. Kaolin is mined in
the UK, France, the Czech Republic,
and USA. Besides its vital importance
in the ceramics industry it is also
used extensively as a filler in the
manufacture of rubber, paper, paint,
and textiles and as a constituent of
medicines.

Kastle Meyer test (phenolph-
thalein test) A presumptive test used
to indicate blood. Phenolphthalein
and hydrogen peroxide are used; re-
action with haemoglobin in the
blood gives a pink colour.

katharometer An instrument for
comparing the thermal conductivi-
ties of two gases by comparing the
rate of loss of heat from two heating
coils surrounded by the gases. The in-
strument can be used to detect the
presence of a small amount of an im-
purity in air and is also used as a de-
tector in gas chromatography.

Kekulé, Friedrich August von
Stradonitz (1829-96) German
chemist, who became professor at
Ghent (1858) and later at Bonn
(1867). He studied the structures of
organic molecules and was the first
to recognise that carbon atoms form

stable chains. Kekulé is best remem-
bered for his proposed structure for
{benzene} in 1865, which he cor-
rectly interpreted as having a sym-
metrical ring of six carbon atoms.

Kekulé structure A proposed
structure of *benzene in which the
molecule has a hexagonal ring of car-
bon atoms linked by alternating dou-
ble and single bonds. Kekulé
structures contribute to the reso-
nance hybrid of benzene. The struc-
ture was suggested in 1865 by
Friedrich August *Kekulé.

kelvin Symbol K. The *SI unit of
thermodynamic *temperature equal
to the fraction 1/273.16 of the ther-
modynamic temperature of the
*triple point of water. The magni-
tude of the kelvin is equal to that of
the degree Celsius (centigrade), but a
temperature expressed in degrees
celsius is numerically equal to the
temperature in kelvins less 273.15
(i.e. °C =K - 273.15). The *absolute
zero of temperature has a tempera-
ture of 0 K (-273.15°C). The former
name degree kelvin (symbol °K) be-
came obsolete by international agree-
ment in 1967. The unit is named
after Lord Kelvin.

Kelvin, Lord (William Thomson;
1824-1907) British physicist, born in
Belfast, who became professor of
natural philosophy at Glasgow Uni-
versity in 1846. He carried out im-
portant experimental work on
electromagnetism, inventing the
mirror galvanometer and contribut-
ing to the development of telegra-
phy. He also worked with James
*Joule on the *Joule-Thomson (or
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Joule-Kelvin) effect. His main theo-
retical work was in {thermodynam-
ics}, in which he stressed the
importance of the conservation of
energy. He also introduced the con-
cept of absolute zero and the Kelvin
temperature scale based on it; the
unit of thermodynamic temperature
is named after him. In 1896 he was
created Baron Kelvin of Largs.

keratin Any of a group of fibrous
*proteins occurring in hair, feathers,
hooves, and horns. Keratins have
coiled polypeptide chains that com-
bine to form supercoils of several
polypeptides linked by disulphide
bonds between adjacent cysteine
amino acids.

kerosine See PETROLEUM.

Kerr effect The ability of certain
substances to refract differently light
waves whose vibrations are in two di-
rections (see DOUBLE REFRACTION)
when the substance is placed in an
electric field. The effect, discovered
in 1875 by John Kerr (1824-1907), is
caused by the fact that certain mol-
ecules have electric *dipoles, which
tend to be orientated by the applied
field; the normal random motions of
the molecules tends to destroy this
orientation and the balance is struck
by the relative magnitudes of the
field strength, the temperature, and
the magnitudes of the dipole mo-
ments.

The Kerr effect is observed in a
Kerr cell, which consists of a glass
cell containing the liquid or gaseous
substance; two capacitor plates are
inserted into the cell and light is
passed through it at right angles to
the electric field. There are two
principal indexes of refraction:

1, (the ordinary index) and 7. (the

extraordinary index). The difference
in the velocity of propagation in the
cell causes a phase difference, 3, be-
tween the two waves formed from a

beam of monochromatic light, wave-
length A, such that

5= (”0 - ne)x/}"’
where x is the length of the light
path in the cell. Kerr also showed
empirically that the ratio

(o = Ne)A = BE?,
where E is the field strength and B is
a constant, called the Kerr constant,
which is characteristic of the sub-
stance and approximately inversely
proportional to the thermodynamic
temperature.

The Kerr shutter consists of a Kerr
cell filled with a liquid, such as ni-
trobenzene, placed between two
crossed polarizers; the electric field is
arranged to be perpendicular to the
axis of the light beam and at 45° to
the axis of the polarizers. In the ab-
sence of a field there is no optical
path through the device. When the
field is switched on the nitrobenzene
becomes doubly refracting and a
path opens between the crossed po-
larizers.

ketals Organic compounds, similar
to *acetals, formed by addition of an
alcohol to a ketone. If one molecule
of ketone (RR’CO) reacts with one
molecule of alcohol R”OH, then a
hemiketal is formed. The rings of ke-
tose sugars are hemiketals. Further
reaction produces a full ketal
(RR’C(OR"),).

[ @) see wes s ]

¢ Information about IUPAC nomenclature
ketamine A vetinary anaesthetic

Cl
Ketamine
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that is used illegally as a club drug. It
is a class A drug in the UK.

ketene (keten) 1. The compound
CH,=C=0 (ethenone). It can be pre-
pared by pyrolysis of propanone. The
compound reacts readily with com-
pounds containing hydroxyl or
amino groups and is used as an acety-
lating agent. 2. Any of a class of
compounds of the type R;R,=C=0,
where R, and R, are organic groups.
Ketenes are reactive compounds and
are often generated in a reaction
medium for organic synthesis.

[ @) see wes Links J

¢ Information about IUPAC nomenclature

keto-enol tautomerism A form
of tautomerism in which a com-
pound containing a -CH,-CO- group
(the keto form of the molecule) is in
equilibrium with one containing the
-CH=C(OH)- group (the enol). It oc-
curs by migration of a hydrogen
atom between a carbon atom and the
oxygen on an adjacent carbon. See
ISOMERISM.

keto form See KETO-ENOL TAU-
TOMERISM.

ketohexose See MONOSACCHARIDE.

ketol An organic compound that
has both an alcohol (-CH,OH) and a
keto (=CO) group. Ketols are made by
a condensation reaction between two
ketones or by the oxidation of dihy-
dric alcohols (glycols).

ketone body Any of three com-
pounds, acetoacetic acid (3-oxobu-
tanoic acid, CH;COCH,COOH),
B-hydroxybutyric acid (3-hydroxybu-
tanoic acid, CH;CH(OH)CH,COOH),
and acetone or (propanone,
CH;COCH3;), produced by the liver as
a result of the metabolism of body
fat deposits. Ketone bodies are nor-
mally used as energy sources by pe-
ripheral tissues.

ketones Organic compounds that
contain the carbonyl group (>C=0)
linked to two hydrocarbon groups.
The ketone group is a carbonyl group
with two single bonds to other car-
bon atoms. In systematic chemical
nomenclature, ketone names end
with the suffix -one. Examples are
propanone (acetone), CH;COCHj;, and
butanone (methyl ethyl ketone),
CH;COC,Hs. Ketones can be made by
oxidizing secondary alcohols to con-
vert the C-OH group to C=0. Certain
ketones form addition compounds
with sodium hydrogensulphate(IV)
(sodium hydrogensulphite). They also
form addition compounds with hy-
drogen cyanide to give *cyanohy-
drins and with alcohols to give
*ketals. They undergo condensation
reactions to yield *oximes, *hydra-
zones, phenylhydrazones, and *semi-
carbazones. These are reactions that
they share with aldehydes. Unlike
aldehydes, they do not affect
Fehling’s solution or Tollens reagent
and do not easily oxidize. Strong oxi-
dizing agents produce a mixture of
carboxylic acids; butanone, for exam-
ple, gives ethanoic and propanoic
acids.

[ @) see wes Links J

¢ Information about IUPAC nomenclature
ketopentose See MONOSACCHARIDE.
ketose See MONOSACCHARIDE.

khat A plant, Catha edilis, found in
East Africa and the Arabian peninsu-
lar. The leaves are chewed to give a
mildly stimulating and euphoric ef-
fect. Its activity comes from two alka-
loids: *cathine and, in fresh leaves,
the more potent *cathinone. It is a
controlled substance in many coun-
tries including the US. In the UK it is
not a controlled substance and is
used by certain Somalian and Yemeni
ethnic groups.

kieselguhr (diatomaceous earth; di-
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atomite) A soft fine-grained deposit
consisting of the siliceous skeletal re-
mains of diatoms, formed in lakes
and ponds. Kieselguhr is used as an
absorbent, filtering material, filler,
and insulator.

kieserite A mineral form of *mag-
nesium sulphate monohydrate,
MgSO,.H,0.

kilo- Symbol k. A prefix used in the
metric system to denote 1000 times.
For example, 1000 volts = 1 kilovolt

(kv).

kilogram Symbol kg. The *SI unit
of mass defined as a mass equal to
that of the international platinum-
iridium prototype kept by the Inter-
national Bureau of Weights and
Measures at Seévres, near Paris.

kimberlite A rare igneous rock
that often contains diamonds. It oc-
curs as narrow pipe intrusions but is
often altered and fragmented. It con-
sists of olivine and phlogopite mica,
usually with calcite, serpentine, and
other minerals. The chief occur-
rences of kimberlite are in South
Africa, especially at Kimberley (after
which the rock is named), and in the
Yakutia area of Siberia.

kinematic viscosity Symbol v.
The ratio of the *viscosity of a liquid
to its density. The SI unit is m? s™1.

kinetic effect A chemical effect
that depends on reaction rate rather
than on thermodynamics. For exam-
ple, diamond is thermodynamically
less stable than graphite; its apparent
stability depends on the vanishingly
slow rate at which it is converted.
*Qverpotential in electrolytic cells is
another example of a kinetic effect.
Kinetic isotope effects are changes in
reaction rates produced by isotope
substitution. For example, if the slow
step in a chemical reaction is the
breaking of a C-H bond, the rate for

the deuterated compound would be
slightly lower because of the lower
vibrational frequency of the C-D
bond. Such effects are used in investi-
gating the mechanisms of chemical
reactions.

kinetic energy See ENERGY.

kinetic isotope effect See KINETIC
EFFECT.

kinetics The branch of physical
chemistry concerned with measuring
and studying the rates of chemical
reactions. The main aim of chemical
kinetics is to determine the mecha-
nism of reactions by studying the
rate under different conditions (tem-
perature, pressure, etc.). See also ACTI-
VATED-COMPLEX THEORY; ARRHENIUS
EQUATION.

kinetic theory A theory, largely
the work of Count *Rumford, James
Prescott *Joule, and James Clerk
*Maxwell, that explains the physical
properties of matter in terms of the
motions of its constituent particles.
In a gas, for example, the pressure is
due to the incessant impacts of the
gas molecules on the walls of the
container. If it is assumed that the
molecules occupy negligible space,
exert negligible forces on each other
except during collisions, are perfectly
elastic, and make only brief collisions
with each other, it can be shown that
the pressure p exerted by one mole
of gas containing n molecules each of
mass m in a container of volume V,
will be given by:

p=nmc?3V,
where cc? is the mean square speed
of the molecules. As according to the
*gas laws for one mole of gas: pV =
RT, where T is the thermodynamic
temperature, and R is the molar *gas
constant, it follows that:

RT =nmc?[3
Thus, the thermodynamic tempera-
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ture of a gas is proportional to the
mean square speed of its molecules.
As the average kinetic *energy of
translation of the molecules is mc?[2,
the temperature is given by:

T = (mc?[2)(2n/3R)

The number of molecules in one
mole of any gas is the *Avogadro
constant, N,; therefore in this equa-
tion n = N,. The ratio R/N, is a con-
stant called the *Boltzmann constant
(k). The average kinetic energy of
translation of the molecules of one
mole of any gas is therefore 3kT/2.
For monatomic gases this is propor-
tional to the *internal energy (U) of
the gas, i.e.

U = N, 3kT/2
and as k=R|N,

U= 3RT/2
For diatomic and polyatomic gases
the rotational and vibrational ener-
gies also have to be taken into ac-
count (see DEGREES OF FREEDOM).

In liquids, according to the kinetic
theory, the atoms and molecules still
move around at random, the temper-
ature being proportional to their av-
erage kinetic energy. However, they
are sufficiently close to each other
for the attractive forces between mol-
ecules to be important. A molecule
that approaches the surface will ex-
perience a resultant force tending to
keep it within the liquid. It is, there-
fore, only some of the fastest moving
molecules that escape; as a result
the average kinetic energy of those
that fail to escape is reduced. In this
way evaporation from the surface
of a liquid causes its temperature to
fall.

In a crystalline solid the atoms,
ions, and molecules are able only to
vibrate about the fixed positions of a
*crystal lattice; the attractive forces
are so strong at this range that no
free movement is possible.

Kipp's apparatus A laboratory ap-
paratus for making a gas by the reac-
tion of a solid with a liquid (e.g. the
reaction of hydrochloric acid with
iron sulphide to give hydrogen sul-
phide). It consists of three intercon-
nected glass globes arranged
vertically, with the solid in the mid-
dle globe. The upper and lower
globes are connected by a tube and
contain the liquid. The middle globe
has a tube with a tap for drawing off
gas. When the tap is closed, pressure
of gas forces the liquid down in the
bottom reservoir and up into the top,
and reaction does not occur. When
the tap is opened, the release in pres-
sure allows the liquid to rise into the
middle globe, where it reacts with
the solid. It is named after Petrus
Kipp (1808-64).

Kirchhoff, Gustav Robert
(1824-87) German physicist, who in
1850 became a professor at Breslau
and four years later joined Robert
{Bunsen} at Heidelberg. In 1845,
while still a student, he formulated
{Kirchhoff’s laws} concerning elec-
tric circuits. With Bunsen he worked
on spectroscopy, a technique that led
them to discover the elements cae-
sium (1860) and rubidium (1861).

Kjeldahl’s method A method for
measuring the percentage of nitro-
gen in an organic compound. The
compound is boiled with concen-
trated sulphuric acid and copper(I)
sulphate catalyst to convert any ni-
trogen to ammonium sulphate. Al-
kali is added and the mixture heated
to distil off ammonia. This is passed
into a standard acid solution, and the
amount of ammonia can then be
found by estimating the amount of
unreacted acid by titration. The
amount of nitrogen in the original
specimen can then be calculated. The
method was developed by the Danish
chemist Johan Kjeldahl (1849-1900).
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knocking The metallic sound pro-
duced by a spark-ignition petrol en-
gine under certain conditions. It is
caused by rapid combustion of the
unburnt explosive mixture in the
combustion chambers ahead of the
flame front. As the flame travels from
the sparking plug towards the piston
it compresses and heats the unburnt
gases ahead of it. If the flame front
moves fast enough, normal combus-
tion occurs and the explosive mix-
ture is ignited progressively by the
flame. If it moves too slowly, ignition
of the last part of the unburnt gas
can occur very rapidly before the
flame reaches it, producing a shock
wave that travels back and forth
across the combustion chamber. The
result is overheating, possible dam-
age to the plugs, an undesirable
noise, and loss of power (probably
due to preignition caused by over-
heated plugs). Knocking can be
avoided by an engine design that in-
creases turbulence in the combustion
chamber and thereby increases flame
speed. It also can be avoided by re-
ducing the compression ratio, but
this involves loss of efficiency. The
most effective method is to use high-
octane fuel (see OCTANE NUMBER),
which has a longer self-ignition
delay than low-octane fuels. This can
be achieved by the addition of an
antiknock agent, such as lead(IV)
tetraethyl, to the fuel, which re-
tards the combustion chain reac-
tions. However, lead-free petrol is
now preferred to petrol containing
lead tetraethyl owing to environ-
mental dangers arising from lead in
the atmosphere. In the USA the addi-
tion of lead compounds is now for-
bidden. New formulae for petrol are
designed to raise the octane number
without polluting the atmosphere.
These new formulae include increas-
ing the content of aromatics and oxy-
genates (oxygen-containing

compounds, such as alcohols). How-
ever, it is claimed that the presence
in the atmosphere of incompletely
burnt aromatics constitutes a cancer
risk.

Knoevenagel reaction A reaction
in which an aldehyde RCHO reacts
with malonic acid (CH,(COOH),)

with subsequent loss of CO, to give
an unsaturated carboxylic acid
RCH=CHCOOH. Thus, the chain
length is increased by 2. The reaction
is base-catalysed; usually pyridine is
used. The reaction is named after
Emil Knoevenagel (1865-1921).

knotane See MOLECULAR KNOT.

knot theory A branch of mathe-
matics used to classify knots and en-
tanglements. Knot theory has
applications to the study of the prop-
erties of polymers and the statistical
mechanics of certain models of phase
transitions.

Knudsen flow See MOLECULAR
FLOW.

Kohlrausch equation An equa-
tion that describes the molar conduc-
tivities of strong electrolytes at low
concentration, i.e. A, = A%, - Kc”»
where A, is the molar conductivity,
A°,, is the limiting molar conductivity
(the molar conductivity in the limit
of zero concentration when the ions
do not interact with each other), Kis
a coefficient related to the stoichiom-
etry of the electrolyte, and c is the
concentration of the electrolyte. It is
possible to express A, as a sum of
the contribution of each of its ions.
The Kohlrausch equation was first
stated in the 19th century by the Ger-
man chemist Friedrich Kohlrausch
(1840-1910) as the result of a consid-
erable amount of experimental work.
With its characteristic ¢”* depend-
ence, the equation is explained quan-
titatively by the existence of an ionic
atmosphere round the ion as
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analysed by the *Debye- Hiickel-On-
sager theory.

Kohlrausch’s law If a salt is dis-
solved in water, the conductivity of
the (dilute) solution is the sum of two
values - one depending on the posi-
tive ions and the other on the nega-
tive ions. The law, which depends on
the independent migration of ions,
was deduced experimentally by
Friedrich Kohlrausch.

Kolbe’s method A method of
making alkanes by electrolysing a so-
lution of a carboxylic acid salt. For a
salt Na*RCOO-, the carboxylate ions
lose electrons at the cathode to give
radicals:

RCOO™ - e - RCOO-

These decompose to give alkyl radi-
cals

RCOO" — R- + CO,

Two alkyl radicals couple to give an
alkane

R-+R-— RR
The method can only be used for hy-
drocarbons with an even number of
carbon atoms, although mixtures of
two salts can be electrolysed to give a
mixture of three products. The
method was discovered by the Ger-
man chemist Herman Kolbe
(1818-84), who electrolysed pen-
tanoic acid (C;H,COOH) in 1849 and
obtained a hydrocarbon, which he as-
sumed was the substance ‘butyl’
C4H, (actually octane, CgHg).

Koopmans’ theorem The princi-
ple that the ionization energy of a
molecule is equal to the orbital en-
ergy of the ejected electron. It is the
basis of the interpretation of spectra
in *photoelectron spectroscopy.
Koopmans’ theorem is an approxima-
tion in that it ignores any reorganiza-
tion of electrons in the ion formed. It
is named after the Dutch mathemati-

cian and economist Tjalling Charles
Koopmans (1910-85).

Kovar A tradename for an alloy of
iron, cobalt, and nickel with an ex-
pansivity similar to that of glass. It is
therefore used in making glass-to-
metal seals, especially in circum-
stances in which a temperature
variation can be expected.

Kramers theorem The energy lev-
els of a system, such as an atom that
contains an odd number of spin-}2
particles (e.g. electrons), are at least
double *degenerate in the absence of
an external magnetic field. This de-
generacy, known as Kramers degen-
eracy, is a consequence of time
reversal invariance. Kramers theorem
was stated by the Dutch physicist
Hendrick Anton Kramers (1894-1952)
in 1930. Kramers degeneracy is re-
moved by placing the system in an
external magnetic field. The theorem
holds even in the presence of crystal
fields (see CRYSTAL-FIELD THEORY) and
*spin-orbit coupling.

Krebs, Sir Hans Adolf (1900-81)
German-born British biochemist,
who emigrated to Britain in 1933,
working at Sheffield University be-
fore moving to Oxford in 1954.
Krebs is best known for the *Krebs
cycle, the basis of which he discov-
ered in 1937. Details were later
added by Fritz Lipmann (1899-1986),
with whom Krebs shared the 1953
Nobel Prize for physiology or medi-
cine.

Krebs cycle (citric acid cycle; tricar-
boxylic acid cycle; TCA cycle) A
cyclical series of biochemical reac-
tions that is fundamental to the
metabolism of aerobic organisms, i.e.
animals, plants, and many micro-
organisms (see illustration). The en-
zymes of the Krebs cycle are located
in the mitochondria and are in close
association with the components of
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Krebs cycle

the *electron transport chain. The
two-carbon acetyl coenzyme A (acetyl
CoA) reacts with the four-carbon ox-
aloacetate to form the six-carbon cit-
rate. In a series of seven reactions,
this is reconverted to oxaloacetate
and produces two molecules of car-
bon dioxide. Most importantly, the
cycle generates one molecule of
guanosine triphosphate (GTP - equiv-
alent to 1 ATP) and reduces three
molecules of the coenzyme *NAD to
NADH and one molecule of the coen-
zyme *FAD to FADH,. NADH and
FADH, are then oxidized by the elec-
tron transport chain to generate
three and two molecules of ATP re-
spectively. This gives a net yield of 12
molecules of ATP per molecule of
acetyl CoA.

Acetyl CoA can be derived from
carbohydrates (via *glycolysis), fats,
or certain amino acids. (Other amino
acids may enter the cycle at different
stages.) Thus the Krebs cycle is the
central ‘crossroads’ in the complex

oxaloacetate%

succinyl CoA

@ a-ketoglutarate
% NAD+

citrate [ gc
isocitrate
NAD+

system of metabolic pathways and is
involved not only in degradation and
energy production but also in the
synthesis of biomolecules. It is
named after its principal discoverer,
Sir Hans Adolf *Krebs.

Kroll process A process for produc-
ing certain metals by reducing the
chloride with magnesium metal. It
can be used for titanium, e.g.

TiCl, + 2Mg — Ti + 2MgCl,.
It is named after William Kroll, who
devised the process in 1940.

krypton Symbol Kr. A colourless
gaseous element belonging to group
0 (the *noble gases) of the periodic
table; a.n. 36; r.a.m. 83.80; d. 3.73

g m=3; m.p. -156.6°C; b.p. -152.3°C.
Krypton occurs in air (0.0001% by vol-
ume) from which it can be extracted
by fractional distillation of liquid air.
Usually, the element is not isolated
but is used with other inert gases in
fluorescent lamps, etc. The element
has five natural isotopes (mass num-
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bers 78, 80, 82, 83, 84) and there are
five radioactive isotopes (76, 77, 79,
81, 85). Krypton-85 (half-life 10.76
years) is produced in fission reactors
and it has been suggested that an
equilibrium amount will eventually
occur in the atmosphere. The el-
ement is practically inert and forms
very few compounds (certain

fluorides, such as KrF,, have been re-
ported).
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