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Preface

Chemistry for Changing Times is now in its seventh edition, and times have
indeed changed since the first edition appeared in 1972. The book has changed
accordingly—pcrhaps a bit more than usual with this edition because a co-
author has been added. The fact that there now are two of us shouldn’t really
make much difference, though, because we share the same philosophy when it
comes to teaching chemistry.

We believe that a chemistry course for students who are not majoring in
science should be quite different from the course we offer our science majors.
It should present basic chemical concepts with inteliectual honesty, but it
should not focus on esoteric theories or rigorous mathematics. It should in-
clude lots of modern everyday applications. The textbook should be appealing
to look at, easy to understand. and interesting to read.

Three-fourths of the legislation considered by the United States Congress
involves questions having to do with science or technology, yet only rarely
does a scientist or engineer enter the field of politics. Most of the people who
make important decisions regarding our health and our environment are not
trained in science. but it is critical that these decision makers have some
measure of scientific literacy. A chemistry course for students who are not
science majors should emphasize practical applications of chemistry to prob-
lems involving such things as environmental pollution, radioactivity, energy
sources, and human health. The students who take our liberal arts chemistry
courses include future teachers, lawyers, accountants, journalists, and Jjudges.
There are probably some future legislators, too.

Objectives

Our main objectives in a chemistry course for students who are not majoring
in science are these:

» To attract as many students as possible. If they are not enrolled in the
course, we cannot teach them.

P To use topics of current interest to illustrate chemical principles. We want
students o appreciate the importance of chemistry in the real world.

¥ To relate chemical problems to the everyday lives of our students. Chemi-
cal problems seem more significant to students if they can see a personal
connection.

» To instill in students an appreciation for chemistry as an open-ended learn-
ing experience. We hope that they will want to continue learning through-
out their lives.



vi

Preface

P To acquaint students with scientific methods. We want them to be able to
read about science and technology with some degree of critical judgment.

P To impart to students a sense of scientific literacy. We want our students to
develop such a comfortable knowledge of science that they find news
articles relating to science interesting rather than intimidating.

Major Changes in This Revision

The text has been updated and many topics have been expanded. New material
includes recent developments regarding energy sources, global warming, acid
rain, the ozone hole, cigarette smoke, alcohol, waste disposal, water treatment,
air pollution, and health and fitness. There are new diagrams, tables, and
photographs.

In order to keep the size of the book as small and easy to handle as possi-
ble, we have cut the number of chapters from 25 to 20 by combining chapters.
Thus, no major omissions from the sixth edition were necessary. Hydrocar-
bons are now discussed in Chapter 9, ‘‘Organic Chemistry’’; Chapter 14,
“Energy,”” now includes future energy sources; farm chemistry is included in
Chapter 16, *‘Food’’; cosmetics are considered in Chapter 17, ‘‘Household
Chemicals™’; and chemical therapy is included in Chapter 19, “‘Drugs.”

A summary has been added at the end of every chapter, along with a list of
Key Terms, in order to help students understand what they are expected to
know from each chapter.

Use of Color

New color photographs and diagrams have been added. Visual material adds
greatly to the general appeal of a textbook. Color diagrams can also be highly
nstructive, and colorful photographs relating to descriptive chemistry do
much to enhance the learning process.

Readability

Over the years students have told us that they have found this textbook easy to
read. The language is simple, and the style is conversational. Explanations are
clear and easy to understand. We trust that the friendly tone of the book has
been maintained in this seventh edition.

Units of Measurement

The United States continues to cling to the traditional English system for
many kinds of measurement even though the metric system has long been
used internationally. A modern version of the metric system, the Systéme
International (SI), is now widely used, especially by scientists. So what units
should be used in a text for liberal arts students? In presenting chemical
principles, we use SI units for the most part. In other parts of the book we use
whatever units the students are most likely to come across elsewhere in that
same context.



Chemical Structures

The structures of many complicated molecules are given in the text, especially
in the later chapters. They are presented mainly to emphasize that these struc-
tures are actually known and to illustrate the fact that substances with similar
properties often have similar structures. Students should not feel that they
must learn these structures, but they should take the time to look at them. We
hope that they will come to recognize familiar features in these molecules.

Glossary

The glossary in Appendix E gives definitions for terms that appear in bold-
face throughout the text. These include all the Key Terms listed at the end of
each chapter.

Questions and Problems

The end-of-chapter exercises include review questions, problems, and sug-
gested projects. Answers to many review questions and to all the odd-
numbered problems are given in Appendix F. Problems are given within some
of the chapters, with worked out examples followed by similar exercises.
Answers to all the in-chapter exercises are also given in Appendix F.

References and Suggested Readings

An updated list of recommended books and articles appears at the end of each
chapter. A student whose interest has been sparked by a particular topic can
delve more deeply into the subject in the library. Instructors might also find
the lists useful.

Supplementary Materials

The most important learning aid in any course is the teacher. In order to make
the instructor’s job easier and to enrich the education of students, we have
provided a variety of supplementary materials.

Study Guide by Diane Bunce, Catholic University of America.
Instructor’s Resource Manual by Doris K. Kolb.

Chemical Investigations for Changing Times, seventh edition (laboratory
manual), by Alton Hassell and Paula Marshall, Baylor University, with
Instructor’s Guide by Alton Hassell.

Test Item File by John S. Phillips, Wilkes University.

Prentice Hall Test Manager, Version 2.0 (Macintosh and IBM), a computer-
ized version of Test Item File.

Color Transparencies

The New York Times Themes of the Times Program, a compilation of current

articles from The New York Times illustrating issues pertaining to chemistry
in the world around us..

ABC News/Prentice Hall Video Library, video segments selected from ABC’s
documentary and news coverage.
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To the Student

Welcome to Our Chemical World!

Chemistry is fun. Through this book. we would like to share with you some of
the excitement of chemistry and some of the joy in learning about it. We hope
to convince you that chemistry does not need to be excluded from your learn-
ing experiences. Learning chemistry will enrich your life—now and long after
this course is over—through a better understanding of the natural world, the
technological questions now confronting us, and the choices we must face as
citizens within a scientific and technological society.

Chemistry Directly Affects Our Lives

How does the human body work? How does aspirin cure our headaches? Do
steroids enhance athletic ability? Is table salt poisonous? Can scientists cure
genetic diseases? Why do most weight loss diets seem to work in the short run
but fail in the long run? Does fasting **cleanse’” the body? Why do our moods
swing from happy to sad? Can a chemical test on urine predict possible sui-
cide attempts? How does penicillin kill bacteria without harming our healthy
body cells? Chemists have found answers to questions like these and continue
to seek the knowledge that will unlock still other secrets of our universe. As
these mysteries are resolved, the direction of our lives often changes—
sometimes dramatically.

We live in a chemical world—a world of drugs. biocides. food additives,
fertilizers, detergents, cosmetics. and plastics. We live in a world with toxic
wastes, polluted air and water, and dwindling petroleum reserves. Knowledge
of chemistry will help you to better understand the benefits and hazards of this
world and enable you to make intelligent decisions in the future.

Chemical Dependency

We are all chemically dependent. Even in the womb, we depend on a constant
supply of oxygen, water. glucose, and a multitude of other chemicals.

Our bodies are intricate chemical factories. They are durable but delicate
systems. A myriad of chemical reactions are constantly taking place within us
that allow our bodies to function properly. Thinking, learning, exercising,
fecling happy or sad. putting on too much weight or not gaining enough, and
virtually all life processes are made possible by these chemical reactions.
Everything that we ingest is part of a complex process that determines
whether our bodies work effectively or not. The consumption of some sub-
stances can initiate chemical reactions that will stop body functions altogether.
Other substances, if consumed, can cause permanent handicaps, and others
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can make living less comfortable. A proper balance of the right foods provides
the chemicals and generates the reactions we need in order to function at our
best. The knowledge of chemistry that you will soon be gaining will help you
to better understand how your body works so that you will be able to take
proper care of it.

Changing Times

We live in a world of increasingly rapid change. It has been said that the only
constant is change itself. At present. we are facing some of the greatest prob-
lems that humans have ever encountered. and the dilemmas with which we are
now confronted seem to have no perfect solutions. We are sometimes forced
to make a best choice among only bad alternatives, and our decisions often
provide only temporary solutions to our problems. Nevertheless, if we are to
choose properly, we must understand what our choices are. Mistakes can be
costly, and they cannot always be rectified. It is easy to pollute, but cleaning
up pollution once it is there is enormously expensive. We can best avoid
mistakes by collecting as much information as possible before making critical
decisions. Science is a means of gathering and evaluating information, and
chemistry is central to all the sciences.

Chemistry and the Human Condition

Above all else. our hope is that you will learn that chemistry need not be dull
and difficult. Rather, it can enrich your life in so many ways—through a
better understanding of your body. your mind, your environment. and the
world in which you live. After all, the search to understand the universe is an
essential part of what it means to be human.
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Abrasives, in toothpaste, 584
ABS detergents, 566-67
Absorption spectrum, 66
Acesulfame K, 517-18
Acetaldehyde, 267
Acetaminophen, 634--35
Acetanilide, 635
Acetic acid, 269, 699
Acetic anhydride, 668
Acetoacetic acid, 511
Acetone, 267, 511
Acetylase, deficiency, 705
Acetylcholine cycle, 704-705
nerve poisons, 705-707
Acetylene, 252-53
Acetylsalicylic acid. See Aspirin
Acid(s)
definition, 197-98
human health and, 210-11
hydronium ions, 199-201
list of, 200
neutralization, 204-206
organic, 269-71
pH, 206-208
strong, 203-204
toxicity of strong, 695-96
weak, 203-204
Acid anhydrides, 200-201
Acid rain, 360-62, 390
Acid waters, 390-91
Acidosis, 511
Acquired immune deficiency
syndrome, 643
Acrid, definition, 14
Acrylic fibers, 302
Active site, enzymes, 471-72
Actomyosin, 616, 619
Acyclovir, 643-44
Addition reactions, 252
polymerization, 285-92
Additives. See Food additives
Adenine, 475, 645, 698

Index

Adenosine triphosphate, 615-16
Adipose tissue, 496
Adrenaline, 672
Advanced treatment, wastewater,
395
Aeration, drinking water, 398
Aerobic, 385
exercise, 616
Aflatoxins, 524-25
Aftershave lotions, 587
Agent Orange, 546
Agonists, 670
Agriculture
alternative, 547-48
water use, 382
AIDS, 643
Air
composition, 340
in the past, 344-45
Air pollution
acid rain, 360-62
carbon dioxide, 347, 366—68
carbon monoxide, 348, 352—
53, 365-66
chlorofluorocarbons, 357-58
costs of, 368—69
extent of, 345-46
heat, 368
hydrocarbons, 358-59, 365-66
indoor, 363-64
lead, 365-66
major pollutants, 364-66
natural, 344
nitrogen oxides, 353-55, 365—
66
nuclear power plants, 428-29
ozone, 356-57, 365-66
particulates, 365-66
petroleum, 421
radon, 364
reducing, 349-51, 359-60,
362, 366
sulfur oxides, 348, 349, 365-
66

Airships, 222
Alar, 525-26
Alchemy, 2-3
Alcoholism, 658
Alcohols, 259-63
from biomass, 437
esters, 271-72
ethyl alcohol, 260-61
functional group, 256
methyl alcohol, 259-60
multifunctional, 262—63
nomenclature, 259
toxicity, 261-62
See also Ethanol
Aldehydes, 266-67
Aldicarb, 543
Algae, cell wall, 458-59
Alkali metals, 77
Alkaline cells, 231
Alkaline earth metals, 77
Alkaloids, 274
Alkanes, 244-50
condensed structural formulas,
248-49
as emollients, 581
homologous series, 248
isomerism, 247-48
nomenclature, 246
properties, 249-50
Alkenes, 252-53
Alkyl group, 256, 258-59
Alkylating agents, 646-47
Alkylation, gasoline, 423
Alkylbenzenesulfonate detergents,
566-67
Alkynes, 252-53
Allergen, 636
Allergies, antihistamines and,
636-37
Allosteric site, 472
Allotropes, 355
Alloy, definition, 324
Alpha decay, 88-89
Alpha-helical conformation, 467— 68

I-1



I-2 Index

Alpha linkage, 457
Alpha particles, 60
penetrating power, 95-97
Aluminum, 326-27
chlorides and hydroxides, 583
environmental role, 327-28
ions, release by acid water,
391
protection, 233-34
Aluminum hydroxide, milk of
magnesia, 210
Aluminum oxide, 163
Alzheimer’s disease, 705
Amantadine, 643-44
Ames, Bruce N, 712
Ames test, 712
Amides, 273-74
Amine bases, heterocyclic, in
nucleic acids, 473
Amines
aromatic, 711
brain, 672-74
agonists and antagonists in
medicine, 673

chemical origin of love,
674

diet and, 673-74
Amino acids, 273, 463-64
carried by transfer RNA,
481
essential, 501-502
functional groups, 461-62
hydrogen bonding, 469
limiting reagent, 501
sequence in peptides, 465-66
See also Proteins
Amino group, 273, 461-62
Aminoazo dyes, 711
para-Aminobenzoic acid, 581,
639, 662
bacterial requirements, 638
para-Aminodiphenylaminesulfonic
acid, 590
Aminotriazole, 526
Amitriptylene, 677
Ammonia
anhydrous, 531
bonds, 134
formation, 171, 187-88
household, 575
molecular shape, 147

nitrogen fertilizers, 532

as weak base, 204
Ammonium, quaternary salts,

573-74

in deodorants, 583

in hair conditioners, 590
Ammonium nitrate, 167, 531-32
Ammonium sulfide, 167
Amobarbital, 665-66
Amorphous polymers, 300-301
Amoxicillin, 641
Amphetamines, 67882
Amylopectin, 458-59
Amylose, 458-59
Anabolic steroids, 621-22, 651
Anabolism, 456
Anaerobic, 385

exercise, 616-17
Analgesic, 632
Androgen antagonists, 622
Androgens, 652
a-Androstenol, 587
Anemia, 505
Anesthesia, 660-64

history, 660

modern, 661
Anesthetics

dissociative, 663-64

local, 661-63

solvent sniffing, 577, 661

toxicity, 662—63
Angel dust, 663-64
Angiotensin II, 467
Anhydrides, 201, 203
Anhydrous, 531
Aniline, 273
Animal cells, 453-54
Animal starch, 459
Animal testing, carcinogens, 713
Anion, 53
Anionic surfactants, 572-73
Anode, 53, 231
Antacids, 208-10
Antagonists, 670

androgen, 622

dopamine, 677

in medicine, 673

morphine, 670
Antianxiety agents, 675-78
Antibacterial drugs, 638-39
Antibiotics, 640

penicillins and cephalosporins,
640-41
tetracyclines, 642
Anticarcinogens, 712
Anticholinergic, 636
Anticholinesterase poisons, 705—
706
Anticoagulant, 633
Anticodons, 482
base triplet, 480
Antidepressants, 677-78
Antidiuretic hormone, 613
Antihistamines, 636-37, 675
Anti-inflammatory action, 633
Antimetabolites, 645
Antioxidants, 237, 520, 712
vitamin E, 522, 610-11
Antiperspirants, 583
Antipsychotic agents, 676
Antipyretic, 632
Antiseptics, 234-35
Antitussives, 637
Antiviral drugs, 64344
APC, 635
Apoenzyme, 472
Applied research, 26-27
Arachidonic acid, 649-50
Aristotle, 2, 36
Arithmetic growth, 549
Aromatic hydrocarbons, 253-54
in gasoline, 362
properties, 254
Arsenic, 701
Arsphenamine, 701
Arteriosclerosis, 498
Artificial sweeteners, 51718
Artificial transmutation, 92-94
Artificial turf, 625
Asbestos, 319-20
Asbestosis, 319
Ascorbic acid. See Vitamin C
Aspartame, 517-18
risk—benefit analysis, 11
Aspirin, 632-36, 675
as anticoagulant, 633
buffered, 633
fever reduction, 633-34
limitations, 634
pain relief and anti-
inflammatory action, 633
Astringent, 583



Athletes
aerobic versus anaerobic
exercise, 617
anabolic steroids, 621-22
blood doping, 620
carbohydrate loading, 620
drugs to increase performance,
622
restorative drugs. 621
stimulant drugs, 621
Athletic clothing, chemistry, 623
24
Atmosphere, 314
composition, 218, 340
layers, 339-40
natural pollution, 344
nitrogen cycle, 340-41]
oxygen cycle, 341-42
temperature inversion, 343-44
See also Air pollution
Atomic absorption spectroscopy,
66
Atomic mass, 57
Atomic nucleus, 61
binding energy, 113-14
fundamental particles, 93
number of neutrons, 63
number of protons, 63
particles in, 86
size, 85
stability, 113-14
structure, 6264
Atomic number, 63
Atomic orbitals, 72-75
charge-cloud representation,
72-73
energy sublevels, 73-74
Atomic theory, 41-44
Atomic weights, relative, 57
Atomium, Brussels, 44-45
Atoms
Bohr—Rutherford model, 51
Bohr’s model, 68
building, 69-71
by orbital filling, 73-75
conservation, 44-45
electricity and, 52-57
electron configuration, 69-71
order-of-filling chart, 75
electron structures, 75-76
in elements, 35

energy levels, 68
nuclear model, 61-62
odd-electron, 140
origin of idea, 36
reality and relevancy, 44-45
Atrazine, 546
Atropine, 707
Aureomycin, 642
Automobiles
air pollution and, 359-60
combustion of leaded gasoline,
423
water pollution and, 391-92
See also Gasoline
Avogadro, Amedeo, 174
Avogadro’s hypothesis, 174
Avogadro’s number, 176-78
Azidothymidine, 643-44
AZT, 643-44

B

Bacillus thuringiensis, 54243
Background radiation, 111-13
Bacon, Francis, 4
Bacteria
breakdown of hazardous
wastes, 715
nitrogen-fixing, 529-30
Baekeland, Leo, 296
Bag filtration, 349-51
Bakelite, 296
Baking soda. See Sodium
bicarbonate
BAL, 702
Ball-and-stick model, 12627
Barbiturates, 664-66
alcohol synergism, 664~65
as medicines, 665-66
toxicity, 663
Base triplet, 480
Bases
antacids, 208-10
definition, 198
human health and, 210-11
hydroxide ions, 201-203
list of, 201
neutralization, 204-206
strong, 203-204
toxicity, 695-96
weak, 203-204

Index I-3

Basic anhydrides, 203
Basic research, 28-29
Basic solutions, 380
Batteries, 229-32
solar, 436
Beaches, contaminated water, 382
Becquerel, Antoine Henri, 59
Beeswax, 578
Benefit, definition, 9
Benzaldehyde, 267
Benzedrine, 679
Benzene, 253-54
liver action on, 708
Benzidine, 711
Benzocaine, 662
Benzodiazepines, 675-76
Benzoic acid, 269
Benzoyl peroxide, 235
Benzpyrene, 362, 524, 711
Bergius process, 444
Beriberi, 505, 512, 515
Beryllium bromide, structure, 141
Berzelius, Jons Jakob, 39
Beta-carotene. See B-Carotene
Beta decay, 89
Beta linkage, 457
Beta particles, 60
penetrating power, 95-97
BF, ion, electron-dot structure,
137-38
BH;, shape, 144
BHT, 520-22, 647, 712
Bile salts, 496
Binary ionic compounds,
formulas and names, 162—
65
Binder, paint, 294-95
Binding energy, 113-14
Biochemical oxygen demand, 385
Biochemistry, definition, 453
Biocides, 537
Biodegradation
aerobic and anaerobic, 385
LAS detergents, 567-69
Biological contamination, water,

381-83
Biological controls, pests, 542
45

Biological magnification,
chlorinated hydrocarbons,
540-41



I-4  Index

Biological systems, energy in,
455-56
Biomass, 437-38
Biosphere, energy use in life
support system, 407
Birth control pills, 652-57
diethylstilbestrol, 654-55
implants, 656
for males, 656-57
minipill, 656
risks, 656
RU-485, 655
Birth defects, 546, 713-14
Bis(epoxy)butane, 711
Bitumen, 442--43
Black, James, 644
Blancophors, 570
Blast furnace, 324-25
Bleaches, 235, 574-75
Blood agents, 697
Blood-alcohol level, 262
Blood doping, 620
Blood sugar, 494
Blue baby syndrome, 697
Body fat, 607-608
Body fluids, 613—-14
Body mass index, 608
Bohr, Niels, 67, 69, 106
Bohr diagram, 69-71
Bohr—Rutherford model, atoms,

51
Bonding forces, 148-53
dipole, 149-50

dispersion forces, 151
hydrogen bonds, 150-51
in solutions, 151-53
See also Chemical bonds
Bonding pair, 130
molecular shape and, 143-45
Bone, as phosphorus source, 533
Boron trifluoride, structure, 140—
41
Bovine somatotropin, 484
Boyle, Robert, 5, 37
Boyle's law, 6
Brain
amines, 672-74
agonists and antagonists in
medicine, 673
chemical origin of love, 674
diet and, 673-74
growth, 502

Breathalyzer test, 234

Breeder reactors, 431-32

Brighteners, 570-71

British Anti-Lewisite, 702

Broad spectrum insecticides, 542

Bronze, 324

Brown, Rachel, 28

Bubonic plague, 536

Builder, detergent, 569-70

Burning, open, 330

Butadiene, 293-94

Butane, 247

Butenandt, Adolf, 652

Butyl para-aminobenzoate, 662

Butylated hydroxyanisole, 520—
22

Butylated hydroxytoluene, 520—
22, 647, 712

Butyraldehyde, 267

Butyric acid, 269

C
Cadmium, poisoning, 704
Caffeine, 681
combination with aspirin, 636
Calcium
dietary, 505
as plant micronutrient, 535
Calcium carbonate, 208, 315-16
neutralization of acidic water,
391
Calcium chloride, 163
Calcium cyclamate, 517-18
calorie, 25
Calorie, 25
Cancer
anticarcinogens, 712
chemicals against, 644-47,
649
etiology, 710
genetic component, 711
mortality, 710
See also Carcinogens
Cannabis sativa. See Marijuana
Carbamates, 54243
Carbaryl, 542-43
Carbofuran, 543
Carbohydrate loading, 620
Carbohydrates, 456-57
definition, 456
dietary, 493-96

digestion and metabolism, 237~-
38, 494-95
polysaccharides, 457-59
replacement drinks, 613
starch, 495-96
sugars, 456, 494
Carbolic acid, 263
Carbon atoms, 243-44
catenation, 243-44
word stems indicating number
of. 246
Carbon cycle, 415
Carbon-14 dating, 103
Carbon dioxide
as air pollutant, 366-68
electron-dot structure, 138
formation, 172, 185-87
Carbon disulfide, combustion,
220
Carbon monoxide
as air pollutant, 365-66
health effects, 352-53
levels in rooms with smokers,
363
from natural gas combustion,
418
reduction with catalytic
converter use, 359
Carbon tetrachloride, 255, 708
Carbonates, in lithosphere, 315
Carbonyl group, 266
Carboxyl group, 461-62
Carcinogens, 288, 710-13
Ames test, 712
aminoazo dyes, 711
animal testing, 713
aromatic amines, 711
in cigarette smoke, 363
epidemiological studies, 713
in food, 524-27
mechanisms of action, 710~11
natural, 710
polycyclic aromatic
hydrocarbons, 711
Carlisle, Anthony, 39
Carnauba wax, 578
Carothers, Wallace, 296
B-Carotene (beta-carotene), 522,
712
Carson, Rachel, 4
Carver, George Washington, 26—
27



Catabolism, 456
Catalyst, 408
definition, 222
Catalytic converters, 359, 362
Catalytic reforming, petroleum,
423
Catenation, 243
Cathode, 53, 231
Cathode ray, 54
negatively charged particles,
54-55
Cathode ray tube, 53-54
Cation, 53
Cationic surfactants, 573
Cavendish, Henry, 39
Cells, 229-32
membrane, 453
nucleus, 453
protein formation, 461
radiation damage, 112-13
structure, 453-54
Celluloid, 282-83
Cellulose, 282-83, 457-59, 495
Celsius scale, 23-24
Cement, 322-23
Cephalexin, 641
Cephalosporins, 641
Ceramics, 317, 320-21
Cereal grain, combined with
legume, 502-503
Cesium-137, fallout, 110
Chain, Ernst Boris, 640
Chain reaction, 521
Charcoal filtration, 395
Charge cloud, 72
Chemical bonds, 121-22
ammonia, 134
bonding forces, 148-53
covalent, 130-33, 139-40
dispersion forces, 151
double, 134, 252
hydrogen bonds, 150-51
ionic, 126--27
methane, 134
molecular shape and, 142-43
nonpolar covalent, 132
number formed by elements,
139
octet rule, 131
exceptions, 139-41
polar covalent bonds, 131-33
single, 134

triple, 135, 252
water, 133-34
Chemical change, definition, 14
Chemical dumps, 714-15
Chemical equations
balancing, 170-73
mass relationships, 185-89
molar relationships, 183-85
volume relationships, 173-76
writing, 170
Chemical plants, water pollution,
392
Chemical properties, definition,
14
Chemical reactions
endothermic, 409
energy and, 408-10
exothermic, 409
heat release, 410
Chemical symbol, 18-20
Chemical symbolism, 124-25
Chemical warfare, 646
Chemicals
misuse, 717
water contamination, 383
Chemistry
applied research, 26-27
definition, 1
economic role, 26
industry role, 26-27
role in other sciences, 26-27
Chemotherapy, 631, 644
antimetabolites, 645
butylated hydroxytoluene, 647
nitrogen mustards, 64647
sex hormones, 647
vitamin A, 647
vitamin C, 647
Chernobyl plant, accident, 112,
431
Chewing tobacco, nicotine, 681—
82
Chicken soup, 638
Chloramphenicol, risk—benefit
analysis, 11
Chlordiazepoxide, 675
Chloride ions, 161-62
electrolytes in body, 613
Chlorinated hydrocarbons, 255—

56
Chlorination, sewage treatment,
395-97

Index I-5

Chlorine, reaction with sodium,
125-27
Chlorofluorocarbons, 255-56
threat to ozone shield, 357-58
Chloroform, 255, 660-61
Chlorophylls, 407
Chloroplasts, 454-55
Chlorpheniramine, 637
Chlorpromazine, 676-77
Cholesterol, 498-99, 650-51
health effects, 498-99
oxidized form, 612
Cholinesterase, inhibition, 705-
706
Chromate ions, as chrome plating
byproduct, 391-92
Chromosomes, 477-78
Chrysotile, 319-20
Cigarettes. See Smoking
Cisplatin, 645
Citric acid, 699
Civetone, 585-86
Clay, 317
Cleaning, history of, 56061
Cleaning products, 575-77
See also Detergents
Clones, 484
Clonidine, 681
Clostridium botulinum, 519, 524
Coal, 41417
abundance, 41617
carbon cycle, 415
as chemical source, 417
cleaning by flotation method,
417
composition, 414
density, 417
electricity generation, 426
gasification and liquefaction,
443-44
inconvenience, 416
as pollution source, 417
reserves, 414-15, 419, 424-25
strip mining, 41617
Coal tar, 417
Cocaine, 622, 680-81
as anesthetic, 661-62
Codeine, 637, 667-68
Codon, 482
Coenzyme, 472
Cofactor, 472
Coffee, caffeine in, 681
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Cogeneration, energy. 426
Coke, 417
Cold (common)
remedies, 636-38
vitamin C and, 610-11
Cold fusion, 434
Colognes, 587
Colton, Frank. 652-53
Combining volumes, law of, 174~
75
Combustion, petroleum, 421
Composites, 299
Compounds. 18, 20
binary ionic, 162-65
covalent, nomenclature, 168—
69
more than one kind of atoms,
41
Computer tomography, 101
Concrete, 323
Condensation, 149
polymerization, 285
polymers, 295-300
Conditioners, hair, 589-90
Constant composition, law of, 38
Containment building, nuclear
power, 429
Continuous spectrum, 66
Control rods. nuclear power, 428
Copolymer. 294
Copolymerization, 294
Copper, 324
in batteries, 22931
optimum intake, plants, 700
Core, Earth, 313
Corn syrup, high-fructose, 494
Corrosion, 232-34
Corrosive poisons, 695-97
Corrosive wastes, 716
Cortisone, 651
Cosmetics, 579-92
definition, 579
deodorants and antiperspirants,
581-82
eye makeup, 582
history, 579
hypoallergenic, 587
lipstick, 581
skin creams and lotions, 579—
81
toothpaste, 583-85

Cosmic rays, 111
Cotinine, 707
Cotton, harvesting, 547
Cough suppressants, 637
Covalent bonds, 130-31
disulfide, 469-70
electronegativity and, 132-33
number, relation to periodic
table. 139-40
polar, 131-33
Covalent compounds,
nomenclature, 168-69
Crack cocaine, 680
Cracking process, petroleum, 420—
21
Creams, skin, 580-81
Crick, Francis, 475-76
Critical mass, 108-109
Crocidolite, 320
Crookes, William, 53
Cross-linking
prevention, penicillin action,
640 .
rubber, 292-93
Crust, Earth, 314
Crystal
acceptor, 436
definition, 126
donor, 436
Crystalline polymers. 300-301
Curare, 661
Curie, Marie Sklodowska, 59
Curie, Pierre, 59
Cyanide, 698-99
ions, as chrome plating
byproduct, 391-92
Cyanocobalamine, 612
Cyclic hydrocarbons, 250-51
Cyclobutane, 251
Cyclone separator, 351
Cyclophosphamide, 647
Cyclopropane, 251
Cysteic acid, 696
Cysteine. 696
Cytosine. 475

D

2,4-D. 545-46
Dacron, 296, 302
Dalton, John, 40-44

Daminozide, 525-26
Daughter isotopes, 109, 364
Davy, Humphry, 53
DDT, 255, 305, 538-41
benefits, 538-39
biological magnification, 540—
4]
environmental effects, 539
persistence, 540
de Broglie, Louis, 72
Deduction, 122-23
Deep sea divers, ‘‘bends,”’
avoidance, 29
Definite proportions, law of, 38—
42
Defoliants. See Herbicides and
defoliants
Dehydration, symptoms, 613—14
Delaney Amendment, 523, 655
Demerol. 669
Democritus. 36
Denatured alcohol, 261
Density, 25-26
Deodorants, 582—-83
Deoxyribonucleic acid. See DNA
2-Deoxyribose, 472-73
Depilatories, 592
Depressants, 658
Depression, 673
DES, 527, 654-55
Desirability quotient, 9-10
Detergents, 573
amphoteric, 589
dishwashing, 572-73
synthetic, 566—-69
Detoxification, 707-708
Deuterium, 63-64
Deuterium-—tritium reaction, 433
Dexedrine, 679
Dextro, 679
Dextroamphetamine, 679
Dextromethorphan, 637
Dextrose, 494
Diazepam, 675
Diazinon, 541
Dichlorodiphenyltrichloroethane.
See DDT
2,4-Dichlorophenoxyacetic acid,
545-46
Diet
exercise and, 606-608



