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PREFACE

Students beginning their study of chemistry are faced with understanding
many terms that are puzzling and unrelated to contexts that make them
understandable. Others may seem familiar, but in chemistry they have
meanings that are not quite the same as when used in popular discourse. In
science, terms need to have definite and specific meanings. One of the pur-
poses of the Encyclopedia of Chemistry is to provide definitions for many
of these terms in a manner and at a level that will make their meanings
clear to those with limited backgrounds in chemistry, and to those in other
fields who need to deal with chemistry. The International Union of Pure
and Applied Chemistry (IUPAC), an international organization of chemists
and national chemistry societies, makes the final determination of termi-
nology and nomenclature in chemistry. Among other things, this organiza-
tion decides the names for new elements and sets up systematic rules for
naming compounds so that a given structure can be defined uniquely.
Compounds are frequently called by common or trade names, often
because their ITUPAC names may be long and complex, but the IUPAC
name permits a chemist to know the structure of any compound based on
the rules of the terminology, while the common name requires remember-
ing what structure goes with what name.

Chemistry has been called “the central science” because it relates to
and bridges all of the physical and biological sciences. For example, biol-
ogy, as it focuses more and more on processes at the cellular and molecular
level, depends heavily on chemistry. There is great overlap within the fields
in biochemistry, the study of the chemical processes that take place in bio-
logical systems, and in chemical biology, the latter term being used to
describe the broader area of the application of chemical techniques and
principles to biology-related problems. Because of this overlap, this ency-
clopedia has many entries that relate to biological sciences as well as to
chemistry. Similarly, there is overlap with geology, some areas of physics,
and any field related to the environment, among others.

While we can define chemistry, it is more difficult to describe what a
chemist actually does. The comic book image of a chemist as someone in a
white coat surrounded by test tubes and beakers, if it ever had any basis in
reality, is far from accurate now. Nowadays, while the white coat may still
be in style, a chemist is more likely to be surrounded by complicated
instruments such as spectrometers and chromatographs. The type of work
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a chemist does falls into four general areas: first, synthetic chemistry is
involved with the discovery of new materials or finding improved ways of
making existing ones; materials can be organic, for example, pharmaceuti-
cals and polymers, or inorganic such as superconducting materials. Sec-
ond, analytical chemistry is focused on determining what or how much of
a substance is present, or identifying its structure, or developing new ways
of making these measurements. Third, physical chemistry is the study of
reactions and energetics and finding the physical properties of a material
and the relation between these properties and composition and structure.
Finally, computational or theoretical chemistry involves the use of theoreti-
cal methods to calculate expected properties and so guide those doing
experimental work. The work of any chemist usually involves several of
these aspects, even though one may be predominant. Chemists may also
call themselves organic chemists if they work primarily with compounds of
carbon; inorganic chemists, if they work mostly with other elements; bio-
chemists if they work with biological materials or systems; geochemists if
they are concerned with geological materials; astrochemists if they study
the chemistry of stars and other planets; and so on. There are many other
combinations.

Chemical engineers, on the other hand, usually have different training
than chemists. Both disciplines require knowledge of chemistry, but the
chemical engineer is more concerned with practical applications, and there
are differences in novelty and scale. A chemist is more likely to be develop-
ing new compounds and materials; a chemical engineer is more likely to be
working with existing substances. A chemist may make a few grams of a
new compound, while a chemical engineer will scale up the process to
make it by the ton, and at a profit. The chemical engineer will be more
concerned with heating and cooling large reaction vessels, pumps and pip-
ing to transfer materials, plant design and operation, and process opti-
mization, while a chemist will be more concerned with establishing the
details of the reactions before the plant is designed. These differences are
generalizations; there is often much overlap.

The variety of fields in which a chemist can work is extensive. Because
chemistry is such a broad science, chemists can work on the interface with
many other sciences, and even move into other fields. The primary area, of
course, is the chemical industry, pharmaceuticals, polymers and plastics,
semiconductor and other solid-state materials, and related fields. Examples
of activities include research, quality control and property testing, and cus-
tomer service. In other areas, modern medicine depends heavily on chem-
istry and involves many chemists in drug development and testing.
Forensic science has a very large chemistry component, and many forensic
scientists are in fact chemists. These are just a few of the fields in which
chemistry plays a role.

— Ronald A. Bailey, Ph.D., is professor and associate chair
of the department of chemistry and chemical biology
at Rensselaer Polytechnic Institute in Troy, New York



INTRODUCTION

Facts On File’s Encyclopedia of Chemistry is a reference to understanding
the basic concepts in chemistry and its peripheral disciplines—crystallogra-
phy; analytical, surface, physical, polymer, inorganic, and organic chem-
istry; bio-, geo-, and electrochemistry; and others. Arranged in alphabetical
order, the entries include biographies of individuals who have made major
contributions as well as numerous illustrations and photographs to help in
visualizing technical concepts.

Chemistry is the study of matter—in its many forms—and the way
these forms react with each other. It deals with the smallest of ions that are
used in the human body to process energy, with the inner workings of the
Earth’s core, and even with the faraway study of the chemical composition
of rocks on Mars. Chemistry is a pervasive science, or as an anonymous
writer once wrote, “What in the world isz’t chemistry?”

To understand basic chemistry is to have a healthy understanding of
the complex world around us. It allows us to be amused by knowing that
two of the most dangerous chemicals, sodium and chlorine, when com-
bined, make our food taste good (salt, sodium chloride). It also helps us
realize that combining chemicals released to the atmosphere by human
activities can have serious health effects on us all, or that the wings of a
butterfly may hold the key to a cure for cancer. Chemists today work hard
to solve many of the leading problems in industry, agriculture, science, and
health.

Throughout the pages of this encyclopedia, you will learn the defini-
tions of chemical terms, literally from A to Z, and will read fascinating
biographies of some of the leading chemists of the past and present. The
volume also includes a set of essays by today’s chemists on the role chem-
istry plays in our daily lives, ranging from how chemistry helps solve
crimes to how it provides dyes for our latest fashions.

While this reference book is designed for high school- and college-
level readers, it can also be used by anyone interested in chemistry and
the various subdisciplines or by those who simply want to increase their
scientific vocabulary. The encyclopedia also includes a set of helpful
appendixes with information about Internet Web sites and chemistry-
related software.



X Introduction

The most important element in using the Encyclopedia of Chemistry
can be summarized by a line by novelist Ray Bradbury:

The best scientist is open to experience and begins with romance—the idea that
anything is possible.

— Don Rittner
Schenectady, New York



ABO blood groups Blood group antibodies (A, B,
AB, O) that can destroy red blood cells bearing the
antigen to which they are directed; also called “agglu-
tinins.” These red-cell antigens are the phenotypic
expression of inherited genes, and the frequency of the
four main groups varies in populations throughout the
world. The antigens of the ABO system are an integral
part of the red-cell membrane as well as all cells
throughout the body, and they are the most important
in transfusion practice.

abscisic acid (ABA) A plant hormone (C;5H,,04)
and weak acid that generally acts to inhibit growth,
induces dormancy, and helps the plant tolerate stressful
conditions by closing stomata. Abscisic acid was
named based on a belief that the hormone caused the
abscission (shedding) of leaves from deciduous trees
during the fall.

At times when a plant needs to slow down growth
and assume a resting stage (dormant), abscisic acid is
produced in the terminal bud, which slows down
growth and directs the leaf primordia to develop scales
that protect the dormant bud during winter. Since the
hormone also inhibits cell division in the vascular cam-
bium, both primary and secondary growth is put on
hold during winter.

This hormone also acts as a stress agent, helping a
plant deal with adverse conditions. For example, ABA
accumulates on leaves and causes stomata to close,
reducing the loss of water when a plant begins to wilt.

In 1963 abscisic acid was first identified and char-
acterized by Frederick Addicott and colleagues. In
1965 the chemical structure of ABA was defined, and
in 1967 it was formally called abscisic acid.

absolute configuration The spatial arrangement of
the atoms of a CHIRAL molecular entity (or group) and
its STEREOCHEMICAL description.

absolute entropy (of a substance) The increase in
the entropy of a substance going from a perfectly
ordered crystalline form at 0 K (entropy is zero) to the

temperature in question.

absolute zero Zero point on the absolute tempera-
ture scale, which is =273.15°C or 0 K; theoretically, the
temperature at which molecular motion ceases.

absorption spectrum In biology, different pigments
absorb light of different wavelengths. For example,
chlorophyll effectively absorbs blue and red. The
absorption spectrum of a pigment is produced by
examining, through the pigment and an instrument
called a spectroscope, a continuous spectrum of radia-
tion. The energies removed from the continuous spec-
trum by the absorbing pigment show up as black lines
or bands and can be graphed.
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abstraction A CHEMICAL REACTION or TRANSFORMA-
TION, the main feature of which is the bimolecular
removal of an atom (neutral or charged) from a
MOLECULAR ENTITY. For example: proton abstraction
from acetone

CH3COCH3 + (i—C3H7)2N_ -
(CH3COCH2)_ + (i—C3H7)2NH

hydrogen abstraction from methane
CH,4 + Cl' - H3C + HCI

See also DETACHMENT.

abyssal zone The portion of the ocean floor below
3,281-6,561 ft (1,000-2,000 m), where light does not
penetrate and where temperatures are cold and pres-
sures are intense. It lies seaward of the continental
slope and covers approximately 75 percent of the
ocean floor. The temperature does not rise above 4°C.
Since oxygen is present, a diverse community of inver-
tebrates and fishes do exist, and some have adapted to
harsh environments such as hydrothermal vents of vol-
canic creation. Food-producing organisms at this depth
are chemoautotrophic prokaryotes and not photosyn-
thetic producers.
See also OCEANIC ZONE.

abzyme An antibody that catalyzes a chemical reac-
tion similar to an enzymatic reaction. It promotes a
chemical reaction by lowering the activation energy of
a chemical reaction, yet remains unaltered at the end
of the reaction.

See also CATALYTIC ANTIBODY.

acceptor number (AN)
LEWIS ACIDITY.

A quantitative measure of

accessory pigment Plant pigment other than chloro-
phyll that extends the range of light wavelengths useful
in photosynthesis.

acclimatization The progressive physiological adjust-
ment or adaptation by an organism to a change in an

environmental factor, such as temperature, or condi-
tions that would reduce the amount of oxygen to its
cells. This adjustment can take place immediately or
over a period of days or weeks. For example, the
human body produces more erythrocytes (red blood
cells) in response to low partial pressures of oxygen at
high altitudes. Short-term responses include shivering
or sweating in warm-blooded animals.

acetylcholine (ACh) One of the most common neu-

rotransmitters of the vertebrate nervous system; a
chemical (CH;COOCH,CH,;N+(CHj3)3) that transmits
impulses between the ends of two adjacent nerves or
neuromuscular junctions. It is confined largely to the
parasympathetic nervous system and is released by
nerve stimulation (exciting or inhibiting), where it dif-
fuses across the gap of the synapse and stimulates the
adjacent nerve or muscle fiber. It rapidly becomes inac-
tive by the enzyme cholinesterase, allowing further
impulses to occur.

acetyl CoA A compound formed in the mitochon-
dria when the thiol group (-SH) of coenzyme A com-
bines with an acetyl group (CH;CO-). It is important
in the KREBS CYCLE in cellular respiration and plays a
role in the synthesis and oxidation of fatty acids.

Fritz Albert Lipmann (1899-1986), a biochemist,
is responsible for discovering coenzyme A and “cofac-
tor A” (CoA, where A stands for “acetylation”) in
1947. He shared the 1953 Nobel Prize for physiology
or medicine with Hans Krebs.

achiral See CHIRALITY.

acid A chemical capable of donating a hydron (proton,
H*) or capable of forming a covalent bond with an elec-
tron pair. An acid increases the hydrogen ion concentra-
tion in a solution, and it can react with certain metals,
such as zinc, to form hydrogen gas. A strong acid is a
relatively good conductor of electricity. Examples of
strong acids include hydrochloric (muriatic), nitric, and
sulfuric, while examples of mild acids include sulfurous
and acetic (vinegar). The strength of an acidic solution is
usually measured in terms of its pH (a logarithmic func-



tion of the H* ion concentration). Strong acid solutions
have low pHs (typically around 0-3), while weak acid
solutions have pHs in the range 3-6.

See also BASE; BRONSTED ACID; HARD ACID; LEWIS
ACID; PH SCALE; SOFT ACID.

acid anhydride The oxide of a nonmetal that reacts
with water to form an acid.

acidic salt A salt containing an ionizable hydrogen
atom that does not necessarily produce an acidic solu-
tion.

acidity

1. Of a compound:
For BRONSTED ACIDs, acidity refers to the tendency of
a compound to act as a HYDRON donor. It can be
quantitatively expressed by the acid dissociation con-
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Measuring acidity using a pH meter (left), showing a pH of 3.20 for
the solution in the beaker. Solution pH is the measure of the
amount of hydrogen ions in a solution and is used to measure its
alkalinity or acidity. The probe of the pH meter (right), dipped in
the solution, contains electrodes used to measure the electrical
potential of the hydrogen ions. This is directly related to the pH.
The temperature dial is adjusted to the room temperature, allow-
ing the pH meter to compensate for the temperature. This pH is
acidic. The solution contains aluminum ions and bromocresol
green, an indicator that displays a yellow color in acidic solu-
tions. (Courtesy of Andrew Lambert Photography/Science Photo
Library)

acid precipitation 3

stant of the compound in water or some other speci-
fied medium. For LEWIS ACIDs it relates to the associ-
ation constants of LEWIS ADDUCTs and ©-ADDUCTS.
2. Of a medium:

The use of the term is mainly restricted to a medium
containing BRONSTED ACIDs, where it means the ten-
dency of the medium to hydronate a specific refer-
ence base. It is quantitatively expressed by the
appropriate ACIDITY FUNCTION.

acidity function Any function that measures the
thermodynamic HYDRON-donating or -accepting ability
of a solvent system, or a closely related thermodynamic
property, such as the tendency of the LYATE 10N of the
solvent system to form LEWIS ADDUCTs. (The term
basicity function is not in common use in connection
with basic solutions.) Acidity functions are not unique
properties of the solvent system alone but depend on
the solute (or family of closely related solutes) with
respect to which the thermodynamic tendency is mea-
sured. Commonly used acidity functions refer to con-
centrated acidic or basic solutions. Acidity functions
are usually established over a range of composition of
such a system by UV/VIS spectrophotometric or NMR
measurements of the degree of hydronation (protona-
tion or Lewis adduct formation) for the members of a
series of structurally similar indicator bases (or acids)
of different strength. The best known of these functions
is the HAMMETT ACIDITY FUNCTION, Hj (for uncharged
indicator bases that are primary aromatic amines).

See also NUCLEAR MAGNETIC SPECTROSCOPY;
ULTRAVIOLET SPECTRUM.

acidity constant The equilibrium constant for split-
ting off a HYDRON from a BRONSTED ACID.

acid-labile sulfide Refers to sulfide LIGANDs, for
example, the BRIDGING LIGANDS in IRON-SULFUR PRO-
TEINs, which are released as H,S at acid pH.

See also FERREDOXIN.

acid precipitation Because pure precipitation is
slightly acidic (due to the reaction between water
droplets and carbon dioxide, creating carbonic acid),
with a potential hydrogen (pH) of 5.6, acid precipitation
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refers to precipitation with a pH less than 5.6. Acid
precipitation includes rain, fog, snow, and dry deposi-
tion. Anthropogenic (human-made) pollutants (car-
bon dioxide, carbon monoxide, ozone, nitrogen and
sulfur oxides, and hydrocarbons) react with water
vapor to produce acid precipitation. These pollutants
come primarily from burning coal and other fossil
fuels. Sulfur dioxide, which reacts readily with water
vapor and droplets (i.e., has a short residence time in
the atmosphere as a gas), has been linked to the
weathering (eating away) of marble structures and the
acidification of freshwater lakes (consequently killing
fish). Natural interactions within the biosphere can
also lead to acid precipitation.

aconitase A name for citrate (isocitrate) hydro-LYASE
(aconitate hydratase), which catalyzes the interconver-
sion of citrate, cis-aconitate ([Z]-prop-1-ene-1,2,3-tri-
carboxylate), and isocitrate. The active ENZYME
contains a catalytic [4FE-4S] CLUSTER.

actinides Elements 90 to 103 (after actinium).

action potential A localized rapid change in voltage
that occurs across the membrane of a muscle or nerve
cell when a nerve impulse is initiated. It is caused by a
physicochemical change in the membrane during the
interaction of the flow and exchange of sodium and
potassium ions.

See also DEPOLARIZATION.

activated complex An activated complex, often
characterized by the superscript ¥, is defined as that
assembly of atoms corresponding to an arbitrary,
infinitesimally small region at or near the col (saddle
point) of a POTENTIAL ENERGY surface.

See also TRANSITION STATE.

activation energy See ENERGY OF ACTIVATION.

active center The location in an ENZYME where the
specific reaction takes place.

active metal A metal with low ionization energy that
loses electrons readily to form cations.

active site  See ACTIVE CENTER.

active transport The movement of a substance
across a biological membrane, such as living cells,
against a concentration (diffusion) gradient with the
help of metabolic energy usually provided by ATP
(adenosine triphosphate). Active transport serves to
maintain the normal balance of ions in cells and, in
particular, those of sodium and potassium ions, which
play a vital role in nerve and muscle cells. Since a
molecule is “pumped” across the membrane against its
gradient, requiring the use of metabolic energy, it is
referred to as “active” transport.

The sodium-potassium “pump,” which exchanges
sodium (Na*) for potassium (K*) across the plasma
membrane of animal cells, is an example of the active
transport mechanism.

The carriage of a solute across a biological mem-
brane from low to high concentration requires the
expenditure of metabolic energy.

activity series A listing of metals (and hydrogen) in
order of decreasing activity.

actual yield Amount of a specified pure product
obtained from a given reaction.

acyl group Compound derived from a carbonic acid,
usually by replacing the -OH group with a halogen (X).

addend See ADDITION REACTION.

addition

1. Refers to ADDITION REACTION or addition TRANS-
FORMATION

2. Loosely defined, the formation of an ADDUCT, e.g., a
LEWIS ACID

3. Loosely defined, any ASSOCIATION or ATTACHMENT.



addition reaction A chemical reaction of two or
more reacting MOLECULAR ENTITIES, resulting in a sin-
gle reaction product containing all atoms of all compo-
nents, with formation of two chemical bonds and a net
reduction in bond multiplicity in at least one of the
reactants. The reverse process is called an ELIMINATION
reaction. The addition may occur at only one site (o-
ADDITION, 1/1 addition), at two adjacent sites (1/2
addition), or at two nonadjacent sites (1/3 or 1/4 addi-
tion, etc.). For example:

(a) H* + Br + (CH;),C=CH, —> (CH;),CBr—CH;
(1/2 addition)

(b) BI’Z + CHZZCH—CHZCHZ d
BrCH,-CH=CH-CH,Br (1/4 addition) and
BrCH,~CH(Br)-CH=CH, (1/2 addition)

If the reagent or the source of the addends of an
addition are not specified, then it is called an addition
TRANSFORMATION.

See also ADDITION; CHELETROPIC REACTION; CYCLO-
ADDITION.

additivity principle The hypothesis that each of sev-
eral structural features of a MOLECULAR ENTITY makes
a separate and additive contribution to a property of
the substance concerned. More specifically, it is the
hypothesis that each of the several SUBSTITUENT groups
in a parent molecule makes a separate and additive
contribution to the standard Gibbs energy change (or
GIBBS ENERGY OF ACTIVATION) corresponding to a par-
ticular equilibrium (or RATE OF REACTION).
See also TRANSFERABILITY.

address—message concept Refers to compounds in
which part of the molecule is required for binding
(address) and part for the biological action (message).

adduct A new CHEMICAL SPECIES, AB, each MOLECU-
LAR ENTITY of which is formed by direct combination
of two separate molecular entities A and B in such a
way that there is change in CONNECTIVITY, but no loss,
of atoms within the MOIETIES A and B. Stoichiometries
other than 1:1 are also possible, e.g., a bis-adduct (2:1).
An “INTRAMOLECULAR adduct” can be formed when A

Adrian, Edgar Douglas 5

and B are GROUPs contained within the same molecular
entity.

This is a general term that, whenever appropriate,
should be used in preference to the less explicit term
COMPLEX. It is also used specifically for products of an
ADDITION REACTION. For examples, see T-ADDUCT,
LEWIS ADDUCT, and MEISENHEIMER ADDUCT.

adenosine 5’-triphosphate (ATP) Key NUCLEOTIDE
in energy-dependent cellular reactions, in combination
with Mg(II). The reaction of ATP + water — ADP +
phosphate is used to supply the necessary energy.

See also ATP.

adenyl cyclase An enzyme, embedded in the plasma
membrane, that converts ATP to cyclic adenosine
monophosphate (cyclic AMP [cAMP]) in response to a
chemical signal. It is activated when a signal molecule
binds to a membrane receptor. Cyclic AMP acts as a
second messenger relaying the signal from the mem-
brane to the metabolic machinery of the cytoplasm.

adhesive forces Those forces of attraction that occur
between a liquid and another surface.

ADME Abbreviation for absorption, distribution,
METABOLISM, excretion.
See also PHARMACOKINETICS; DRUG DISPOSITION.

adrenodoxin A [2FE-2S] FERREDOXIN involved in
electron transfer from NADPH"* (the reduced form of
NADP [nicotinamide adenine dinucleotide phosphate,
a coenzyme]), via a REDUCTASE, to CYTOCHROME P-450
in the adrenal gland.

Adrian, Edgar Douglas (1889-1977) British Physi-
ologist Edgar Douglas Adrian was born on Novem-
ber 30, 1889, in London to Alfred Douglas Adrian, a
legal adviser to the British local government board. He
went to school at Westminster School, London, and in
1908 he entered Trinity College, Cambridge. At Cam-
bridge University, he studied physiology, receiving a
bachelor’s degree in 1911.



6 adsorption

In 1913 he entered Trinity College, studied
medicine, did his clinical work at St. Bartholomew’s
Hospital, London, and received his M.D. in 1915.

In 1929 he was elected Foulerton professor of the
Royal Society, and in 1937 he became professor of
physiology at the University of Cambridge until 1951,
when he was elected master of Trinity College, Cam-
bridge. He was chancellor of the university from 1968
until two years before his death.

He spent most of his research studying the physiol-
ogy of the human nervous system, particularly the
brain, and how neurons send messages. In 1932 he
shared the Nobel Prize in physiology or medicine for
his work on the function of the neuron. He is consid-
ered one of the founders of modern neurophysiology.

He wrote three books, The Basis of Sensation
(1927), The Mechanism of Nervous Action (1932), and
The Physical Basis of Perception (1947), and was
knighted Baron of Cambridge in 1955. He died on
August 4, 1977, and is buried at Trinity College.

adsorption Adhesion of a material onto the surfaces
of particles.

aerobe An organism that needs dioxygen for respira-
tion and thus for growth.

aerobic Any organism, environmental condition, or
cellular process that requires atmospheric oxygen. Aer-
obic microorganisms, called aerobes, require the pres-
ence of oxygen for growth. An aerobe is capable of
using oxygen as a terminal electron acceptor and can
tolerate oxygen levels higher than that present in the
air (21 percent oxygen). They have a respiratory type
of metabolism, and some aerobes may also be capable
of growing anaerobically with electron accepters other
than oxygen.
See also ANAEROBIC.

A-factor See ENERGY OF ACTIVATION.

affinity The tendency of a molecule to associate with
another. The affinity of a DRUG is its ability to bind to

its biological target (RECEPTOR, ENZYME, transport sys-
tem, etc.). For pharmacological receptors, it can be
thought of as the frequency with which the drug, when
brought into the proximity of a receptor by diffusion,
will reside at a position of minimum free energy within
the force field of that receptor.

For an AGONIST (or for an ANTAGONIST), the
numerical representation of affinity is the reciprocal of
the equilibrium dissociation constant of the ligand-
receptor complex, denoted Kj, calculated as the rate
constant for offset (k_;) divided by the rate constant for
onset (kq).

agonist An endogenous substance or a DRUG that can
interact with a RECEPTOR and initiate a physiological or
a pharmacological response characteristic of that recep-
tor (contraction, relaxation, secretion, ENZYME activa-
tion, etc.).

agostic The term designates structures in which a
hydrogen atom is bonded to both a carbon atom and a
metal atom. The term is also used to characterize the
interaction between a CH bond and an unsaturated
metal center, and to describe similar bonding of a tran-
sition metal with Si-H compounds. The expression “u-
hydrido-bridged” is also used to describe the bridging
hydrogen.

AIDS (acquired immunodeficiency syndrome) AIDS is
the name given to the late stages of HIV (human
immunodeficiency virus) infection, a disease discovered
and discussed in 1981 in Los Angeles, California. By
1983 the retrovirus responsible for HIV was first
described, and since then millions of adults and children
worldwide have died from contracting the disease. It is
thought to have originated in central Africa from mon-
keys or developed from contaminated vaccines used in
the world’s first mass immunization for polio.

AIDS is acquired mostly by unprotected sexual
contact—either through homosexual or heterosexual
practice—via vaginal and anal intercourse. The routes
of infection include infected blood, semen, and vaginal
fluid. The virus can also be transmitted by blood by-
products through maternofetal infection (where the
virus is transmitted by an infected mother to the



unborn child in the uterus), by maternal blood during
parturition, or by breast milk consumption upon birth.
Intravenous drug abuse is also a cause.

The virus destroys a subgroup of lymphocytes that
are essential for combating infections, known as helper
T cells or CD4 lymphocytes, and suppresses the body’s
immune system, leaving it prone to infection.

Infection by the virus produces antibodies, but not
all of those exposed develop chronic infection. For
those that do, AIDS or AIDS-related complex (ARC)
bring on a variety of ailments involving the lymph
nodes, intermittent fever, loss of weight, diarrhea,
fatigue, pneumonia, and tumors. A person infected,
known as HIV-positive, can remain disease-free for up
to 10 years, as the virus can remain dormant before
full-blown AIDS develops.

While HIV has been isolated in substances ranging
from semen to breast milk, the virus does not survive
outside the body, and it is considered highly unlikely
that ordinary social contact can spread the disease.
However, the medical profession has developed high
standards to deal with handling blood, blood products,
and body fluids from HIV-infected people.

In the early-discovery stage of the disease, AIDS was
almost certainly fatal, but the development of antiviral
drugs such as zidovudine (AZT), didanosine (ddl), zal-
citabine (ddc), lamivudine (3TC), stavudine (DAT), and
protease inhibitors, used alone or in combination, has
showed promise in slowing or eradicating the disease.
Initial problems with finding a cure have to do with the
fact that glycoproteins encasing the virus display a great
deal of variability in their amino-acid sequences, making
it difficult to prepare a specific AIDS vaccine.

During the 1980s and 1990s, an AIDS epidemic
brought considerable media coverage to the disease as
Rock Hudson,
Anthony Perkins, Liberace, and others—died from it.
Hudson was the first to admit having the disease in
1985. The gay community became the first population
active in lobbying for funds to study the disease, espe-
cially as the media naively nicknamed AIDS a “gay”
disease. ACT UP, acronym for the AIDS Coalition to
Unleash Power, began as a grassroots AIDS organiza-
tion associated with nonviolent civil disobedience in
1987. ACT UP became the standard-bearer for protest
against governmental and societal indifference to the
AIDS epidemic. The public attitude changed when het-
erosexuals became infected, and education on the

well-known celebrities—such as
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causes of the disease became more widespread, initiated
by celebrities such as Elizabeth Taylor and the Ameri-
can Foundation for AIDS Research, whose fund-raising
activities made national news coverage.

There have been significant advances in the treat-
ment for HIV/AIDS by attacking the virus itself,
strengthening the immune system, and controlling
AIDS-related cancers and opportunistic infections. At
present, there is still no cure or vaccine.

albumin A type of protein, especially a protein of
blood pPLASMA, that transports various substances,
including metal ions, drugs, and XENOBIOTICs.

alcohol A hydrocarbon derivative containing an
—OH group attached to a carbon atom not in an aro-
matic ring. See figure on page 8.

alcoholysis  See sOLVOLYSIS.

aldehydes Aldehydes are organic chemicals that con-
tain the ~-CHO (aldehyde) group, a carbonyl group
(C=0) that has the carbon and hydrogen atom bound.
They are the result of the oxidation of alcohols and,
when further oxidized, form carboxylic acids.
Methanal (formaldehyde) and ethanal (acetaldehyde)
are common examples.

alkali metals (Group 1 elements) A group of soft
reactive metals, each representing the start of a new
period in the periodic table and having an electronic
configuration consisting of a rare gas structure plus one
outer electron. The metals in this group are cesium
(CS), lithium (Li), sodium (Na), potassium (K), rubid-
ium (Rb), and francium (Fr).

Aldehydes are formed by oxidizing a primary alcohol. Formalde-
hyde (HCHO) is an example.
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Alcohols

alkaline battery A dry cell.
alkaline earth metals

The Group IIA metals.

alkenes (olefins) Unsaturated hydrocarbons contain-
ing one or more carbon-carbon double bonds.

alkylbenzene Compound containing an alkyl group
bonded to a benzene ring.

alkyl group A group of atoms derived from an
alkane by the removal of one hydrogen atom.

alkynes Unsaturated hydrocarbons containing one or
more carbon-carbon triple bonds.

allosteric  binding sites Contained in
ENZYMEs and RECEPTORs. As a consequence of the
binding to allosteric binding sites, the interaction with
the normal ligand (ligands are molecules that bind to
proteins) can be either enhanced or reduced. Ligand
binding can change the shape of a protein.

many

allosteric effector Specific small molecules that bind
to a protein at a site other than a catalytic site and
modulate (by activation or INHIBITION) the biological
activity.

allosteric enzyme An ENZYME that contains a
region, separate from the region that binds the sus-
STRATE for catalysis, where a small regulatory molecule
binds and affects that catalytic activity. This effector
molecule may be structurally unrelated to the substrate
or may be a second molecule of substrate. If the cat-
alytic activity is enhanced by binding, the effector is
called an activator; if it is diminished, the effector is
called an INHIBITOR.
See also REGULATION.

allosteric regulation The regulation of the activity
of allosteric ENZYMEs.

See also ALLOSTERIC BINDING SITES; ALLOSTERIC
ENZYME.

allosteric site A specific receptor site on an enzyme
molecule, not to be confused with the active site (the
site on the surface of an enzyme molecule that binds
the substrate molecule). Molecules bind to the allosteric
site and change the shape of the active site, either
enabling the substrate to bind to the active site or pre-
venting the binding of the substrate.

The molecule that binds to the allosteric site is an
inhibitor because it causes a change in the three-dimen-
sional structure of the enzyme that prevents the sub-
strate from binding to the active site.

allotrope (allotropic modification) A different form
of the same element in the same physical state.



alloy A mix of metal with other substances (usually
other metals) that modify its properties.

allozyme An enzyme form, a variant of the same
enzyme (protein) that is coded for by different alleles at
a single locus.

See also ENZYME.

allylic substitution reaction A SUBSTITUTION REAC-
TION at position 1/ of an allylic system, the double
bond being between positions 2/ and 3/. The incoming
group may be attached to the same atom 1/ as the
LEAVING GROUP, or the incoming group becomes
attached at the relative position 3/, with movement of
the double bond from 2/3 to 1/2. For example:

CH3CH=CHCH2BI' - CH3CH:CHCH20AC
or
CH,CH=CHCH,Br — CH;CH(OAc)CH=CH,

(written as a TRANSFORMATION).

alpha (o) addition A CHEMICAL REACTION resulting
in a single reaction product from two or three reacting
chemical species, with formation of two new chemical
BONDS to the same atom in one of the reactant MOLEC-
ULAR ENTITIES.

The synonymous term 1/1/addition is also used.
For example:

CL,C: + CH;0H — Cl,CHOCH;

(This particular example can also be viewed as an
INSERTION REACTION.) In inorganic chemistry, such o-
addition reactions, generally to a metallic central atom,
are known as “oxidative additions.”

o-Addition is the reverse of O-ELIMINATION or
1/1/elimination.

See also ADDITION; ELIMINATION.

alpha (o) effect A positive deviation of a nucleophile
(a nucleophile bearing an unshared pair of electrons on
an atom adjacent to the nucleophilic site) from a Bron-
sted-type plot of Ig k. vs. pKa constructed for a series
of related normal nucleophiles. More generally, it is the
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influence of the atom bearing a lone pair of electrons
on the reactivity at the adjacent site.

The use of the term has been extended to include
the effect of any substituent on an adjacent reactive
center, for example in the case of the “a-silicon effect.”

See also BRONSTED RELATION.

alpha (o) elimination A TRANSFORMATION of the
general type

RR'ZXY — RR’Z + XY (or X + Y, or X* + Y°)

where the central atom Z is commonly carbon. The
reverse reaction is called o-ADDITION.

alpha (o) helix Most proteins contain one or more
stretches of amino acids that take on a particular shape
in three-dimensional space. The most common forms
are alpha helix and beta sheet.

An alpha helix is spiral shaped, constituting one
form of the secondary structure of proteins, arising
from a specific hydrogen-bonding structure; the car-
bonyl group (-C=O0) of each peptide bond extends
parallel to the axis of the helix and points directly at
the -N-H group of the peptide bond four amino acids
below it in the helix. A hydrogen bond forms between
them and plays a role in stabilizing the helix confor-
mation. The alpha helix is right-handed and twists
clockwise, like a corkscrew, and makes a complete
turn every 3.6 amino acids. The distance between two
turns is 0.54 nm. However, an alpha helix can also be
left-handed. Most enzymes contains sections of alpha
helix.

The alpha helix was discovered by LINUS PAULING
in 1948.

See also HELIX.

alpha (o) particle A helium nucleus or ion with 2+
charge.

alternant A CONJUGATED SYSTEM of pi electrons is
termed alternant if its atoms can be divided into two
sets so that no atom of one set is directly linked to any
other atom of the same set.
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O Example of alternate tsystem @ Example of non-alternate st system

* *
/ *

*
*
(two atoms of unstarred set
are directly linked)

alums Hydrated sulfates of the general formula
M+M3+(SO4)2.12H20.

ambident A description applied to a CHEMICAL
SPECIES whose MOLECULAR ENTITIES each possess two
alternative and strongly interacting distinguishable
reactive centers, to either of which a BOND may be
made in a reaction: the centers must be connected in
such a way that reaction at either site stops or greatly
retards subsequent attack at the second site. The term
is most commonly applied to conjugated NUCLE-
OPHILEs, for example the enolate ion (that may react

\_ /N /
SN N

0"

with ELECROPHILEs either at the B-carbon atom or at
oxygen) or 7y-pyridones, and also to the vicinally
ambident cyanide ion, cyanate ion, thiocyanate ion,
sulfinate  ion, unsymmetrical
hydrazines. Ambident electrophiles are exemplified by
carboxylic esters RC(O)OCRj3, which react with nucle-
ophiles either at the carbonyl carbon or the alkoxy car-
bon. Molecular entities such as dianions of
dicarboxylic acids, containing two noninteracting (or

nitrite ion, and

feebly interacting) reactive centers, are not generally
considered to be ambident and are better described as
“bifunctional.”

The Latin root of the word implies two reactive
centers, but the term has in the past also incorrectly
been applied to chemical species with more than two

reactive centers. For such species the existing term
polydent (or, better, multident) is more appropriate.
See also CHELATION.

ambidentate LiGANDs, such as (NCS)-, that can
bond to a CENTRAL ATOM through either of two or
more donor atoms are termed ambidentate.

amicyanin An ELECTRON-TRANSFER PROTEIN contain-
ing a TYPE 1 COPPER site, isolated from certain bacteria.

amide Compound containing the O-C-N group; a
derivative of ammonia in which one or more hydrogens
are replaced by alkyl or aryl groups.

amine A compound containing a nitrogen atom
bound to hydrogen atoms or hydrocarbon groups. It is

tertiary

Amines. Compounds with a nitrogen atom bound to hydrogen
atoms or hydrocarbon groups



a derivative of ammonia in which one or more hydro-
gen atoms have been replaced by organic groups. It is
classified according to the number of organic groups
bonded to the nitrogen atom: one, primary; two, sec-
ondary; three, tertiary.

amine complex Complex species containing ammo-
nia molecules bonded to metal ions.

amino acid An organic molecule possessing both
acidic carboxylic acid (-COOH) and basic amino
(-NH,) groups attached to the same tetrahedral carbon
atom.

Amino acids are the principal building blocks of
proteins and enzymes. They are incorporated into
proteins by transfer RNA according to the genetic
code while messenger RNA is being decoded by ribo-
somes. The amino acid content dictates the spatial
and biochemical properties of the protein or enzyme
during and after the final assembly of a protein.
Amino acids have an average molecular weight of
about 135 daltons. While more than 50 have been dis-
covered, 20 are essential for making proteins, long
chains of bonded amino acids.

Some naturally occurring amino acids are alanine,
arginine, asparagine, aspartic acid, cysteine, glutamine,
glutamic acid, glycine, histidine, isoleucine, leucine,
lysine, methionine, phenylalanine, proline, serine, thre-
onine, tryptophan, tyrosine, and valine.

The two classes of amino acids that exist are
based on whether the R-group is hydrophobic or
hydrophilic. Hydrophobic or nonpolar amino acids
tend to repel the aqueous environment and are located
mostly in the interior of proteins. They do not ionize
or participate in the formation of hydrogen bonds. On
the other hand, the hydrophilic or polar amino acids
tend to interact with the aqueous environment, are
usually involved in the formation of hydrogen bonds,
and are usually found on the exterior surfaces of pro-
teins or in their reactive centers. It is for this reason
that certain amino acid R-groups allow enzyme reac-
tions to occur.

The hydrophilic amino acids can be further subdi-
vided into polar with no charge, polar with negatively
charged side chains (acidic), and polar with positively
charged side chains (basic).
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amino acids

acidic

|-|—( — (00|-| - curboxyl
I group

amino group —~=— NH2

R <— R group

Amino acids comprise a group of 20 different kinds of small
molecules that link together in long chains to form proteins. Often
referred to as the “building blocks” of proteins. (Courtesy of
Darryl Leja, NHGRI, National Institutes of Health)

While all amino acids share some structural simi-
larities, it is the side groups, or “R”-groups as they
are called, that make the various amino acids chemi-
cally and physically different from each other so that
they react differently with the environment. These
groupings, found among the 20 naturally occurring
amino acids, are ionic (aspartic acid, arginine, glu-
tamic acid, lysine, and histidine), polar (asparagine,
serine, threonine, cysteine, tyrosine, and glutamine),
and nonpolar amino acids (alanine, glycine, valine,
leucine, isoleucine, methionine, phenylalanine, trypto-
phan, and proline).

Amino acids are also referred to as amphoteric,
meaning they can react with both acids and alkali,
which makes them effective buffers in biological sys-
tems. A buffer is a solution where the pH usually stays
constant when an acid or base is added.

In 1986 scientists found a 21st amino acid, seleno-
cysteine. In 2002 two teams of researchers from Ohio
State University identified the 22nd genetically encoded
amino acid, called pyrrolysine, a discovery that is the
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biological equivalent of physicists finding a new funda-
mental particle or chemists discovering a new element.
Amino acid supplements are widely used in exer-
cise and dietary programs.
See also PROTEIN.

amino acid residue (in a polypeptide) When two or
more amino acids combine to form a peptide, the ele-
ments of water are removed, and what remains of each
amino acid is called amino acid residue. Amino acid
residues are therefore structures that lack a hydrogen
atom of the amino group (-NH-CHR-COOH),
or the hydroxy moiety of the carboxy group
(NH,—CHR-CO-), or both (-NH-CHR—-CO-); all units
of a peptide chain are therefore amino acid residues.
(Residues of amino acids that contain two amino groups
or two carboxy groups may be joined by isopeptide
bonds, and so may not have the formulas shown.) The
residue in a peptide that has an amino group that is free,
or at least not acylated by another amino acid residue (it
may, for example, be acylated or formylated), is called
N-terminal; it is the N-terminus. The residue that has a
free carboxy group, or at least does not acylate another
amino acid residue (it may, for example, acylate ammo-
nia to give -NH-CHR-CO-NH,), is called C-terminal.

The following is a list of symbols for amino acids
(use of the one-letter symbols should be restricted to
the comparison of long sequences):

A Ala Alanine

B Asx Asparagine or aspartic acid
C Cys Cysteine

D Asp Aspartic acid
E Glu Glutamic acid
F Phe Phenylalanine
G Gly Glycine

H His Histidine

| lle Isoleucine

K Lys Lysine

L Leu Leucine

M Met Methionine

N Asn Asparagine

P Pro Proline

Q Gln Glutamine

R Arg Arginine

S Ser Serine

T Thr Threonine

v Val Valine

w Trp Tryptophan

Y Tyr Tyrosine

z GlIx Glutamine or glutamic acid

amino group (-NH,) A functional group (group of
atoms within a molecule that is responsible for certain
properties of the molecule and reactions in which it
takes part), common to all amino acids, that consists of
a nitrogen atom bonded covalently to two hydrogen
atoms, leaving a lone valence electron on the nitrogen
atom capable of bonding to another atom. It can act as a
base in solution by accepting a hydrogen ion and carry-
ing a charge of +1. Any organic compound that has an
amino group is called an amine and is a derivative of the
inorganic compound ammonia, NH3. A primary amine
has one hydrogen atom replaced, such as in the amino
group. A secondary amine has two hydrogens replaced.
A tertiary amine has all three hydrogens replaced.
Amines are created by decomposing organic matter.

amorphous solid Noncrystalline solid having no
well-defined ordered structure.

ampere Unit of electrical current; one ampere (A)
equals 1 coulomb per second.

amphipathic molecule A molecule that has both a
hydrophilic (water soluble, polar) region and a
hydrophobic (water hating, nonpolar) region. The
hydrophilic part is called the head, while the hydropho-
bic part is called the tail. Lipids (phospholipids, choles-
terol and other sterols, glycolipids [lipids with sugars
attached], and sphingolipids) are examples of amphi-
pathic molecules.

Amphipathic molecules act as surfactants, materi-
als that can reduce the surface tension of a liquid at
low concentrations. They are used in wetting agents,
demisters, foaming agents, and demulsifiers.

amphiphilic A compound containing a large organic
cation or anion that possesses a long unbranched
hydrocarbon chain, for example



H3C(CHz)nCOZ_M+H3C<CHz)nSO3_M+H3C(CH2)nN
(CH3)3+X_(7Z > 7).

The existence of distinct polar (hydrophilic) and non-
polar (hydrophobic) regions in the molecule promotes
the formation MICELLEs in dilute aqueous solution.

amphiprotic solvent Self-ionizing solvent possessing
both characteristics of BRONSTED ACIDs and BRONSTED
BASES, for example H,O and CH3OH, in contrast to an
APROTIC SOLVENT.

amphoteric A CHEMICAL SPECIES that behaves both
as an acid and as a base is called amphoteric. This
property depends upon the medium in which the
species is investigated: H,SOy is an acid when studied
in water, but becomes amphoteric in SUPERACIDSs.

amphoterism The ability to react with both acids
and bases.

anabolism The processes of METABOLISM that result
in the synthesis of cellular components from precursors
of low molecular weight.

anaerobe An organism that does not need dioxy-
gen for growth. Many anaerobes are even sensitive to
dioxygen. Obligate (strict) anaerobes grow only in
the absence of dioxygen. Facultative anaerobes can
grow either in the presence or in the absence of
dioxygen.

anaerobic Any organism or any environmental or
cellular process that does not require the use of free
oxygen. Certain bacteria such as the Actinomyces
israeli, Bacteroides fragilis, Prevotella melaninogenica,
Clostridium  difficile, and Peptostreptococcus are
ANAEROBES.

The term refers to an organism that does not need
dioxygen for growth. Many anaerobes are even sensi-
tive to dioxygen. Obligate (strict) anaerobes grow
only in the absence of dioxygen. Facultative anaerobes
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can grow either in the presence or in the absence of
dioxygen.
See also AEROBIC.

analog A DRUG whose structure is related to that of
another drug but whose chemical and biological prop-
erties may be quite different.

See also CONGENER.

anation Replacement of the LIGAND water by an
anion in a COORDINATION entity.

anchimeric assistance See

PARTICIPATION.

NEIGHBORING-GROUP

anemia Condition in which there is a reduction in
the number of red blood cells or amount of
HEMOGLOBIN per unit volume of blood below the ref-
erence interval for a similar individual of the species
under consideration, often causing pallor and fatigue.

anion An atom or molecule that has a negative
charge; a negatively charged ion.
See also TON.

anionotropic rearrangement (anionotropy) A rear-
rangement in which the migrating group moves with its
electron pair from one atom to another.

anion radical See RADICAL ION.

anisotropy The property of molecules and materials
to exhibit variations in physical properties along differ-
ent molecular axes of the substance.

annelation Alternative, but less desirable, term for
ANNULATION. The term is widely used in the German
and French languages.

annulation A TRANSFORMATION; involving fusion of
a new ring to a molecule via two new bonds. Some
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authors use the term annelation for the fusion of an
additional ring to an already existing one, and annula-
tion for the formation of a ring from one or several
acyclic precursors, but this distinction is not generally
made.

See also CYCLIZATION.

annulene Mancude (i.e., having formally the maxi-
mum number of noncumulative double bonds) mono-
cyclic hydrocarbon without side chains of the general
formula C,H,, (n is an even number) or C,H,+1 (n is
an odd number). Note that in systematic nomenclature,
an annulene with seven or more carbon atoms may be
named [n]annulene, where 7 is the number of carbon
atoms, e.g., [9]annulene for cyclonona-1,3,5,7-tetraene.

See also AROMATIC HYDROCARBONS; HUCKEL
(4N+2) RULE.

anode In a cathode ray tube, the positive electrode.
Electrode at which oxidation occurs.

antagonist A DRUG or a compound that opposes the
physiological effects of another. At the RECEPTOR level, it
is a chemical entity that opposes the receptor-associated
responses normally induced by another bioactive agent.

antarafacial, suprafacial When a part of a molecule
(molecular fragment) undergoes two changes in bonding
(BOND making or bond breaking), either to a common

- : ) ion
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Anodes carry the positive charge.
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center or to two related centers, external to itself, these
bonding changes may be related in one of two spatially
different ways. These are designated as “antarafacial” if
opposite faces of the molecular fragment are involved,
and “suprafacial” if both changes occur at the same
face. The concept of “face” is clear from the diagrams in
the cases of planar (or approximately planar) frame-
works with isolated or interacting pi orbitals.

The terms antarafacial and suprafacial are, however,
also employed in cases in which the essential part of the
molecular fragment un