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%Z B FHER
The Nature of Chemistry

The following is a letter to a friend from John C. Bailar, Jr. , who has been a mem-

ber of the chemistry department faculty at the University of Illinois for 56 years.

Dear Chris;

This letter is an answer to your questions about just what chemistry is and what
chemists do. I’m glad that you asked, for many people have a distorted, or at least super-
ficial, view of what the subject is all about. Whether I can give you a clear picture of it in
a letter like this, I am not sure, but I shall try.

You know, of course, that chemistry is one of the physical sciences, along with
physics, geology, and astronomy. Closely related, but in a somewhat different category,
are the biological sciences, such as botany, physiology, ecology, and genetics. There is
no sharp distinction between the two groups of sciences, or between those in either
group, for they overlap each other. Often it is difficult to decide whether a specific topic
belongs in one area or another. Many important subjects fall within the boundaries of sev-
eral different disciplines. [Definitions of terms given in boldface type are listed at the end
of this letter.

All of the sciences overlap extensively with chemistry: they depend upon it and, in
large measure, are based upon it. By that I mean that chemistry is really a part of all of
the natural sciences, and a person cannot go very far in any science without some knowl-
edge of chemistry. It would be possible to be a chemist without much knowledge of as-
tronomy or physiology, but certainly, one could not make great progress in astronomy or
physiology without some understanding of chemistry. A knowledge of chemistry is essen-
tial in other scientific fields as well. Agriculturists, engineers, and medical doctors use
chemical concepts constantly.

Chemistry is concerned with the composition of matter and the changes in composi-
tion which matter undergoes — in brief, chemistry is the science of matter. Physics is
concerned chiefly with energy and with the interactions of matter and energy, including
energy in such forms as heat, light, sound, electricity, mechanical energy, and nuclear
energy. All changes in the composition of matter either release or absorb energy and for
this reason the relationship between chemistry and physics is a most intimate one.

We think of any change in which the composition of matter changes as a chemical
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change. For example, if you pour vinegar on baking soda in a glass vessel, you will see
bubbles of gas escaping and the liquid will become warm as energy is released. When the
bubbling stops, you can evaporate the liquid by boiling it, until finally only 2 white pow-
der remains. But this white powder is not the original baking soda. It is a new substance
with new characteristics. For example, it won’t give off bubbles if you pour vinegar on
it. This new material is different in composition from either of the materials which you
originally mixed together. A chemical change has taken place.

By contrast, a physical change does not involve a change in the composition of mat-
ter. The melting of ice or the stretching of a rubber band are physical changes. It is often
impossible to say whether a particular change is chemical or physical. Happily, it is not

usually necessary to make a clear distinction between the two.

You must not assume that in your first course in chemistry you’ll learn about the
chemistry of the digestion of food or how a mixture of cement and water sets and hard-
ens. These are complex processes, and before one can understand them one must first
learn the chemistry of simpler substances. In learning to play the piano, a student does
not start with Rachmaninoff’s Prelude in C# Minor. A music student must first learn to
play scales, and then simple pieces. It is only after months or years of practice that an in-
dividual can play the music of the masters. So it is with chemistry. You must first learn
the fundamental principles and something about simple substances such as water and oxy-
gen. A good understanding of the behavior of such substances will then allow you to un-
derstand the chemical behavior of more complex materials.

The science of chemistry is so broad that no one can be expert in all of its aspects. It
is necessary to study the different branches of chemistry separately, and, if you become a
chemist, to specialize in one or two branches of the subject.

Until about 150 years ago, it was believed that inanimate matter and living matter
were of entirely different natures and had different origins. The inanimate matter was re-
ferred to as “inorganic” (meaning “without life”) and the living matter and material de-
rived from living matter were called “organic. ” However, in 1828, a German chemist
named Friedrich Wohler heated a material which was known to be inorganic and obtained
a substance which all chemists recognized to be a product formed in life processes. So the
distinction between “inorganic” and “organic” broke down. We still use these terms, but
they now have different meanings from those they had in the early days. All living matter
contains carbon chemically combined with hydrogen, so the chemistry of chemical com-
pounds of carbon and hydrogen, whatever their origin, is called organic chemistry. Sub-
stances that do not contain carbon combined with hydrogen are “inorganic,” and their
chemistry is called inorganic chemistry. Carbon is very versatile in its behavior and is a

key substance in a great many compounds, including most of the compounds essential to



1% {LFEH A (The Nature of Chemistry) 5

life.

There are other branches of chemistry, too. Analytical chemistry is concerned with
the detection or identification of what substances are present in a material (qualitative
analysis) and how much of each is present (quantitative analysis). Physical chemistry is
the application of the methods and theories of physics to the study of chemical changes
and the properties of matter. Physical chemistry really forms the foundation for all of the
other branches of the subject. Biochemistry, as the name implies, is concerned with the
chemistry of the processes that take place in living things.

Inorganic, organic, analytical, physical chemistry, and biochemistry are the main
branches of chemistry, but it is possible to combine portions of them, or to elaborate on
them in many ways. For example, Bioinorganic chemistry deals with the function of the
metals that are present in living matter and that are essential to life. Pharmaceutical
chemistry is concerned with drugs: their manufacture, their composition, and their effects
upon the body. Clinical chemistry is concerned chiefly with the analysis of blood, urine,
and other biological materials. Polymer chemistry deals with the formation and behavior
of such substances as rayon, nylon, and rubber. (Some people would include inorganic
polymers such as glass and quartz. ) Environmental chemistry, of course, deals with the
composition of the atmosphere and the purity of water supplies—essentially, with the
chemistry of our surroundings. Agricultural chemistry is concerned with fertilizers, pesti-
cides, plant growth, the nutrition of farm animals, and every other chemical topic that is
involved in farming.

One more topic should be mentioned. This is chemical engineering, which is con-
cerned with the applications of chemistry on a large scale. Chemical engineers design and
operate chemical factories; they deal with the economics of making chemicals on a com-
mercial scale. They are also concerned with such processes as distilling, grinding, and
drying materials in large amounts—even the study of the friction of liquids and gases
flowing through pipes. '

Before you can undertake the study of any of these broad fields of chemistry, you
will need to take a course, usually called “General Chemistry,” which is the basis for
more specialized study. You will quickly learn that general chemistry consists of two in-
terrelated parts: descriptive chemistry and principles of chemistry.

Descriptive chemistry generally deals with the “What. .. ?” questions : What does that
substance look like? What happens when it is heated? What happens when an electric cur-
rent flows through it? What occurs when it is mixed with another specific substance?
Chemistry is an experimental science and chémists work with a great many substances. It
is important that they know the nature of these substances: their solubility in water or
other liquids, their flammability, their toxicity, whether they undergo chemical changes

in damp air, and many other characteristics. Sometimes the availability and cost of a sub-
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stance are also important. The descriptive part of the general chemistry course is con-
cerned chiefly with the behavior of some of the simpler inorganic substances, but often in-
cludes brief discussions of organic and biochemical materials as well.

The principles part of the course is concerned with theories of chemical behavior.
That is, it attempts to answer the “Why. .. ?” questions: Why won’t a substance dissolve
in water? Why did an explosion take place when a mixture was heated? Why was a partic-
ular substance and not a different one formed in a chemical change? Why does a chemical
change speed up dramatically if a tiny amount of something else is added ?

The study of chemical principles is of great practical as well as intellectual interest.
We can, for example, calculate how much heat is given off when a particular fuel burns,
and determine how to speed up or slow down its combustion. When we know why certain
substances behave as they do we can often modify their behavior to achieve desirable or

useful results,

Chemistry is an experimental science. By this statement, I do not mean that chemists
do not have theories about changes in chemical composition—under what conditions they
will or will not take place, how they take place, and what the products will be. There are
always theories. But theory must always be subject to experiment. If one’s theory is not
in accordance with carefully executed experiments, then the theory, not the experiment,
must be wrong. The theory must then be abandoned or modified. In this regard, chem-
istry is quite different from the social sciences, such as sociology and economics. People
who work in those fields may have theories about the causes of inflation or unemployment
or marital unhappiness, and they may carry out experiments to test their theories. But
these experiments can never be repeated and checked under the same conditions, for in
the act of doing the experiment the conditions have been irretrievably changed. This is
true to some extent also in the biological sciences. A pharmacologist may test the effect of
a given drug on a mouse and draw some conclusions from what happens to the mouse. But
he cannot repeat the experiment with that same mouse, for he cannot be sure that the
health of the mouse has not been changed by the first administration of the drug. He can
do the experiment with another mouse, but he cannot be sure that the second mouse will
respond exactly as the first one did. Chemists are more fortunate; under the same condi-
tions, pure chemicals will always react with each other in exactly the same way. The
trick is to be sure that the chemicals are pure and that the conditions of the experiment
are exactly the same.

But, you will ask, “Just what do chemists do?” That is a difficult question to an-
swer, for chemists do many different things. About half of the chemists in the United
States work in laboratories. Some of them are “quality control” chemists. By a variety of

laboratory techniques (some simple and some complex), they analyze or otherwise test



