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Chapter 1 Introduction to Chemistry

1-1 What Is Chemistry

Chemistry is such a broad, all-encompassing area of study that people al-
most despair in trying to define it. Indeed, some have taken a cop-out ap-
proach by defining chemistry as “what chemists do”. But that won't do; it’s
much too narrow a view.,

Chemistry is what we all do. We bathe, clean, and cook. We put chemi-
cals on our faces, hands, and hair. Collectively, we use tens of thousands of

consumer chemical products in our homes. Professionals in the health and life

sciences use thousands of additional chemicals as drugs, antiseptics, or rea-

gents for diagnostic tests, ¥

Your body itself is a remarkable chemical factory. You eat and breathe,
taking in raw materials for the factory. You convert these supplies into an un-
believable array of products, some incredibly complex. This chemical facto-
ry—your body also generates its own energy. It detects its own malfunctions
and can regenerate and repair some of its component parts. It senses changes
in its environment and adapts to these changes. With the aid of a neighboring
facility, this fabulous factory can create other factories much like itself.

Everything you do involves chemistry. You read this sentence, light ener-
gy is converted to chemical energy. You think, protein molecules are synthe-
sized and stored in your brain. All of us do chemistry.

Chemistry affects society as well as individuals. Chemistry is the language

and the principal tool of the biological sciences, the health sciences, and the
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agricultural and earth sciences. ¥’

Chemistry has illuminated the entire natural world; from the tiny atomic

nucleus to the immense cosmos. ®’ We believe that knowledge of chemistry can

help you. Chemistry can be related immediately to problems and opportunities
in the life and health sciences. And we believe that this can make the study of
chemistry interesting and exciting, especially to no chemists.

For example, an “ion” is more than a chemical abstraction. Enough mer-
cury ions in the wrong place can kill you, but the right number of calcium ions
in the right place can keep you from bleeding to death. “pV=nRT” is an equa-
tion, but it is also the basis for the respiratory therapy that has saved untold
lives in hospitals. “Hydrogen bonding” is a chemical phenomenon, but it also
helps to account for the fact that a dog has puppies while a cat has kittens and
a human has human babies. There are hundreds of similar fundamental and in-
teresting applications of chemistry to life.

Knowledge of chemistry has already had a profound effect on the quality

of life. Its impact on the future will be even more dramatic. At present we can

control diabetes, cure some forms of cancer, and prevent some forms of men-

tal retardation because of our understanding of the chemistry of the body. ¢

We can’t cure diabetes or cure all forms of cancer or all mental retardation, be-

cause our knowledge is still limited. ©®’ So learn as much as you can. Your work

will be enhanced and your life enriched by your greater understanding.

Be prepared. Something good might happen to you and to others because
of you.

(Excerpted from Chemistry and life : An Introduction to General , Organic , and Biological
Chemistry (5™ Edition) edited by John W. Hill (1997))

New Words
encompass [ in'kampas | vt. ,
despair [dis'pea] n. & wi. ,
antiseptic [ jgenti'septik ] . ,

reagent [ ri(?)'eidzont | n.
malfunction [ meel'fagkfon ] n.
cosmos [ 'kozmos | n.

calcium [ 'kaelsiom | 7.
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mercury [ 'mokjuri ] n.
protein [ 'proutiin] n.

cop-out [ kop'aut ] n.
Translation for Reference

(1) Professionals in the health and life sciences use thousands of additional
chemicals as drugs, antiseptics, or reagents for diagnostic tests.

o

(2) Chemistry is the language and the principal tool of the biological sciences,
the health sciences, and the agricultural and earth sciences.
(3) Chemistry has illuminated the entore natural world; from the tiny atomic
nucleus to the immense cosmos.
, .
(4) At present we can control diabetes, cure some forms of cancer, and pre-
vent some forms of mental retardation because of our understanding of the

chemistry of the body.

o

(5) We can’t cure diabetes or cure all forms of cancer or all mental retarda-

tion, because our knowledge is still limited.

’ S

1-2 Modern Chemistry

In 1964 Bamett Rosenberg and his coworkers at Michigan State University
were studying the effects of electricity on bacterial growth. They inserted
platinum electrodes, or electrical connections, into a live bacterial culture and
allowed an electric current to pass. After 1 to 2 hours, they noted that cell di-
vision in the bacteria stopped. The researchers were very surprised by this re-

sult, but even more surprised by the explanation. They were able to show that

cell division was inhibited by a substance containing platinum, produced from
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the platinum electrodes by the electric current. " A substance such as this

one, the researchers thought, might be useful as an anti-cancer drug, because
cancer involves runaway cell division. Later research confirmed this view, and
today the platinum—containing substance cisplafin is a leading anti-cancer
drug.

This story illustrates three significant reasons to study chemistry. First,
chemistry has important practical applications. The development of lifesaving
drugs is one, and a complete list would touch upon most areas of modern tech-
nology. Second, chemistry is an intellectual enterprise, a way of explaining
our material world. When Rosenberg and his coworkers saw that cell division
in the bacteria had ceased, they systematically looked for the chemical sub-
stance that caused it to cease. They sought a chemical explanation for the oc-
currence. Finally, chemistry figures prominently in other fields. Rosenberg’s
experiment began as a problem in biology; through the application of chemis-
try it led to an advance in medicine. Whatever your career plans, you will find
your knowledge of chemistry is a useful intellectual tool for making important
decisions.

All of the objects around you—the book, your pen or pencil, and the
things of nature such as rocks, water, and plant and animal substances—con-
stitute the matter of the universe. Each of the particular kinds of matter, such
as a certain kind of paper or plastic or metal, is referred to as a material. We
can define chemistry as the science of the composition and structure of materi-
als and of the changes that materials undergo.

One chemist may hope that by understanding certain materials he or she
will be able to find a cure for a disease or a solution for an environmental ill.
Another chemist may simply want to understand a phenomenon. Because
chemistry deals with all materials, it is a subject of enormous breadth. It

would be difficult to exaggerate the influence of chemistry on modern science

and technology or on our ideas about our planet and the universe. ® Let’s take

a brief glimpse at modern chemistry and see some of the ways it has influenced
technology, science, and modern thought.

For thousands of years, human beings have fashioned natural materials
into useful products. Modern chemistry certainly has its roots in this endeav-

or. After the discovery of fire, people began to notice changes in certain rocks
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and minerals exposed to high temperatures. From these observations came the
development of ceramics, glass, and metals, which today are among our most
useful materials. Dyes and medicines were other early products obtained from
natural substances. For example, the ancient Phoenicians extracted a bright
purple dye known as Tyrian purple, from a species of sea snail. One ounce of
Tyrian purple required over 200,000 snails. Because of its brilliant hue and
scarcity, the dye became the choice of royalty.

Although chemistry has its roots in early technology, chemistry as a field
of study based on scientific principles came into being only in the latter part of
the eighteenth century. Chemists began to look at the precise quantities of
substances they used in their experiments. From this work came the central
principle of modern chemistry: the materials around us are composed of ex-
ceedingly small particles called atoms, and the precise arrangement of these at-
oms into molecules or more complicated structures accounts for the many dif-
ferent characteristics of materials. Once chemists understood this central prin-
ciple, they could begin to fashion molecules to order. They could synthesize
molecules; that is, they could build large molecules from small ones. Tyrian
purple, for example, was eventually synthesized from the simpler molecule
aniline; Chemists could also correlate molecular structure with the characteris-
tics of materials and so begin to fashion materials with special characteristics.

The liquid-crystal displays (LCD) that you see in watches, calculators,
and similar devices are an example of an application that depends on the special
characteristics of materials. The liquid crystals used in these displays are a
form of matter intermediate in characteristics between those of liquids and
those of solid crystals; hence the name. These liquid crystals are composed of
rodlike molecules that tend to align themselves something like the wood mat-
ches in a matchbox. The liquid crystals are held between thin plates that align
the molecules in a particular direction, giving the normal light-gray back-
ground of the display. These plates are covered with small electrodes, and
when any one of them is electrified, the nearby molecules of the liquid crystal
are realigned so that they point in a new direction, changing the gray in that
area to black.

Chemists continue to develop new materials and to discover new proper-

ties of old ones. Electronics and communications, for example, have been
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completely transformed by technological advances in materials. Optical-fiber
cables have replaced long-distance telephone cables made of copper wire. Opti-
cal fibers are fine threads of extremely pure glass. Because of their purity,
these fibers can transmit laser light pulses for miles compared with only a few

inches in ordinary glass. Not only is optical-fiber cable cheaper and less bulky

than copper cable carrying the same information, but by using different colors

of light, optical-fiber cable can carry voice, data, and video information at the

same time. ‘¥ At the ends of an optical-fiber cable, devices using other new
materials convert the light pulses to electrical signals and back, while comput-
er chips constructed from still other materials process the signals.

Chemistry has also affected the way we think of the world around us. For
example, biochemists and molecular biologists—scientists who study the mo-
lecular basis of living organisms—have made a remarkable finding: all forms of
life appear to share many of the same molecules and molecular processes. Con-
sider the information of inheritance, the genetic information that is passed on

from one generation of organism to the next. Individual organisms, whether

bacteria or human beings, store this information in a particular kind of mole-

cule called deoxyribonucleic acid, or DNA for short. ¥’

DNA consists of two intertwined molecular chains; each chain consists of
links of four different types of molecular pieces, or bases. Just as you record
information on a page by stringing together characters (letters, numbers,
spaces, and so on), an organism stores the information for reproducing itself
in the order of these bases in its DNA. In a multicellular organism, such as a
human being, every cell contains the same DNA.

The atomic theory of matter, which forms the basis of modern chemistry,
was the work of the British chemist John Dalton (1766—1844). Throughout
his life, Dalton maintained an interest in the science of weather and climate.

This interest led Dalton to study the atmosphere and to speculate on its funda-

mental structure, which eventually led him to his atomic theory. ® If Dalton

were alive today, he might well be involved in trying to answer some of the
most urgent questions of our time: Is the earth’s climate being irreversibly af-
fected by the build-up of carbon dioxide in the atmosphere from fossil-fuel
burning? What is the significance of the apparent depletion of ozone in the

stratosphere over Antarctica?
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(Excerpted from General Chemistry (5" Edition) edited by Darrell D. Ebbing (1996))

New Words

electricity [ilek'trisiti | n.
bacteria [ back'tiorio | n.

platinum [ 'pleetinem | 7.

electrode [ i'lektroud | 7.

culture [ 'kaltfo] 7.

intellectual [ inti'lektjusl] adj. ,
enterprise [ 'entopraiz | n.

cease [ siis | vt. s

systematically [ sisto'maetikali ] adw.
occurrence [ o'karons | n. , ;
prominent [ 'prominent | adj. ,
plastic [ 'plaestik | adj.

undergo [ anda'gou | vt. , ,
exaggerate [ ig'zaedzoreit | ut. )
glimpse [glimps] 7. ,

transmit [ treenz'mit | ot.

pulse [ pals] n.

bulky [ 'balki] adj. )

chip [ tfip] n. s

construct [ kon'strakt] wvt. ;
remarkable [ ri'matkobl] adj.

inherit [ in'herit] wt. )
deoxyribonucleic acid (DNA)
intertwine [ jinta(?) 'twain | wvt.

string [ strin] n. ,

multicellular [ imalti'seljule] adj.
fossil [ 'fosl ] 7.

depletion [ di'plizfon] 7. , ,
stratosphere [ 'straetousfio | n. ,

Antarctica [ e@en'taktiko | 7.



Translation for Reference

(1) They were able to show that cell division was inhibited by a substance
containing platinum, produced from the platinum electrodes by the elec-
tric current,

(2) It would be difficult to exaggerate the influence of chemistry on modern

science and technology or on our ideas about our planet and the universe.

o

(3) Not only is optical-fiber cable cheaper and less bulky than copper cable
carrying the same information, but by using different colors of light, op-
tical-fiber cable can carry voice, data, and video information at the same
time,

b A o

(4) Individual organisms, whether bacteria or human beings, store this infor-
mation in a particular kind of molecule called deoxyribonucleic acid, or
DNA for short.

( DNA) .

(5) This interest led Dalton to study the atmosphere and to speculate on its

fundamental structure, which eventually led him to his atomic theory.

K b

1-3 Matter, Element, Compound and Mixture

If you're planning to be an engineer, you can be sure that many of the ma-
terials you will work with have been synthesized by chemists. Some of these

materials are organic (carbon-containing). They could be familiar plastics like

polyethylene or the more esoteric plastics used in unbreakable windows and

nonflammable clothing. ‘¥ Other materials, including metal alloys, semicon-

ductors, and superconductors, are inorganic in nature.
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Perhaps you are a health science major, looking forward to a career in
medicine or pharmacy. If so, you will want to become familiar with the prop-
erties of aqueous solutions, which include blood and other body fluids. Chem-

ists have made many life-saving products over the past few decades. These

range from drugs used in chemotherapy to new antibiotics used against resist-

ant microorganisms. %’

Matter is anything that has mass and occupies space. It exists in three
phases: solid, liquid, and gas. A solid has a rigid shape and a fixed volume. A
liquid has a fixed volume but is not rigid in shape; it takes on the shape of the
container. A gas has neither a fixed volume nor a rigid shape; it takes on both
the volume and the shape of the container.

Matter can be classified into two categories; pure substances and mix-
tures. Pure substances are either elements or compounds, while mixtures can

be either homogeneous or heterogeneous (see Figure 1-3-1).

matter
|

| |

mixtures pure substances

heteogeneous homogeneous elements compounds

Figure 1-3-1 The Classification of Matter

An element is a type of matter which cannot be broken down into two or
more pure substances. Many elements are familiar to all of us. The charcoal
used in outdoor grills is nearly pure carbon. Electrical wiring, jewelry, and
water pipes are often made from copper, a metallic element. Another such ele-
ment, aluminum, is used in many household utensils., The shiny liquid in the
thermometers you use is still another metallic element, mercury.

Some elements come in and out of fashion, so to speak. Fifty years ago,
elemental silicon was a chemical curiosity. Today, ultrapure silicon has be-
come the basis for the multibillion-dollar semiconductor industry. Lead, on

the other hand, is an element moving in the other direction. A generation ago
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it was widely used to make paint pigments, plumbing connections, and gaso-
line additives. Today, because of the toxicity of lead compounds, all of these
applications have been banned in the United States.

In chemistry, an element is identified by its symbol. This consists of one
or two letters, usually derived from the name of the element. Thus the symbol
for carbon is C; that for aluminum is Al. Sometimes the symbol comes from
the Latin name of the element or one of its compounds. The two elements cop-
per and mercury, which were known in ancient times, have the symbols Cu
(cuprum) and Hg (hydrargyrum). Table 1-3-1 lists the names and symbols of

some elements.

Table 1-3-1 Names and Symbols of Some of the More Familiar Elements

Element Symbol Element Symbol Element Symbol Element Symbol

Aluminum Al Chlorine Cl Lithium Li Rubidium Rb
Antimony Sb Chromium Cr Magnesium Mg Selenium Se
Argon Ar Cobalt Co Manganese Mn Silicon Si
Barium Ba Copper Cu Mercury Hg Silver Ag
Beryllium Be Fluorine F Neon Ne Sodium Na
Bismuth Bi Gold Au Nickel Ni Strontium Sr
Boron B Helium He Nitrogen N Sulfur S
Bromine Br Hydrogen H Oxygen (@] Tin Sn
Cadmium Cd Todine 1 Phosphorus P Uranium U
Carbon C Iron Fe Platinum Pt Xenon Xe
Cesium Cs Krypton Kr Plutonium Pu Zinc Zn
Calcium Ca Lead Pb Potassium K

A compound is a pure substance that contains more than one element.

Water is a compound of hydrogen and oxygen. The compounds methane, acet-

ylene, and naphthalene all contain the elements carbon and hydrogen, in dif-

ferent proportions,

The properties of compounds are very different from those of the elements
they contain. Ordinary table salt, sodium chloride, is a white, unreactive sol-

id. As you can guess from its name, it contains the two elements sodium and



