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(! What Is Chemisfry?l

History of chemistry

1. Chemistry is a science that tries to understand the properties of substances and the
changes that substances undergo. It is concerned with substances that occur naturally
— the minerals of the earth, the gases of the air, the water and salts of the seas, the
chemicals found in living creatures and also with new substances created by humans. It
is concerned with natural changes — the burning of a tree that has been struck by light-
ning, the chemical changes that are central to life — and also with new transformations
invented and created by chemists.

2. Chemistry has a very long history. In fact, human activity in chemistry goes back to
prerecorded times.

3. As the quotation at the head of this chapter indicates, chemists are involved in two dif-
ferent types of activity. Some chemists investigate the natural world and try to under-
stand it, while other chemists create new substances and new ways to perform chemical
changes that do not occur in nature. Both activities have gone on since the first appear-
ance of humans on earth, but the pace has increased enormously in the last century or so.

4, Curiosity about natural substances led to some of the earliest adventures in isolating
pure chemical materials from nature. Humans discovered that they could extract the
colors from flowers and some insects and use them to make pictures and to dye cloth.
Only in the last century have chemists learned the detailed chemical structures of these
natural colors. From earliest times humans have also been making new substances by
performing chemical transformations. The first such new substances were probably
soap and charcoal.

5. When wood is heated it loses water and produces charcoal. In this process the cellulose
of wood — a chemical compound containing carbon, hydrogen, and oxygen all linked
by chemical bonds — undergoes a chemical reaction that breaks the hydrogen and oxy-
gen away as water and leaves the carbon behind as charcoal. A major chemical change
has occurred — the process cannot be reversed to make cellulose again by just mixing
the charcoal with water, since the oxygen and hydrogen atoms will not spontaneously
form the needed bonds to carbon. Charcoal burns with a flame hotter than that of
wood. Archaeological records indicate that charcoal has been used since prehistoric
times.

6. Perhaps even earlier came the creation of soap. Soap is not a natural substance, but it

can be made by heating fats with alkali to break some chemical bonds that link fatty
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acids to glycerin. Soaps are just the alkali salts of the resulting fatty acids. Since alkalis
are formed when wood burns and are found in the ashes of wood fires, it is believed
that the earliest humans noticed the unusual substances produced from fats that had

dripped onto cooking fires.

7. These early “Chemists” made such discoveries by accident, and for a long time accident

10.

11.

12.

13

was the principal means of discovery. Accident still remains important to discovery,
but with our increasing chemical understanding we now usually create new chemical
substances by design.

. After the early period of random discovery, humans began heating substances together inten-
tiona lly to see what occurs. When a material that we now call iron ore was heated with
charcoal, it produced iron metal, a new substance (we now use coke, produced from
coal, instead of charcoal). Iron ore contains a chemical in which iron atoms are chemi-
cally bound to oxygen atoms. Heating it with charcoal lets the carbon atoms of charcoal
bind to the oxygen atoms and carry them off as the gas carbon monoxide, leaving iron
behind. Only gold and some metals related to platinum occur naturally as metals; all
others are made from their ores by such chemical processes.

. When copper and tin were heated together, the copper atoms and tin atoms linked up
with metallic bonds, producing the alloy bronze, which is harder than either copper or
tin. In the Bronze Age, starting at about 3600 BC, the hardness of this metallic alloy
made it the dominant material for tools and weapons. Bronze was the first metal that
could hold a sharp edge.
Egyptians made glass as early as 1400 BC by heating some natural minerals together.
Glass is formed when this heating caused major chemical changes.
Much of the rise of civilization has involved humans creating new substances by trans-
forming natural ones to better meet their needs. Tanning hides to make leather, for ex-
ample, changes their chemical nature. Even cooking foods alters their chemical struc-
tures. Every substance in the world is made up of “chemicals”, either in the form of
chemical compounds in which a-toms are linked by chemical bonds or, in a few cases
such as helium gas, as unlinked atoms. No substance can be called “chemical-free”. In-
deed, “natural” chemicals do not always have advantages. Some of the most dangerous
poisons known are natural chemicals, produced by bacteria and other living things.

Modern chemistry is devoted to understanding the chemical structures and properties of

natural chemicals and of chemicals created by building on what nature has supplied.

The remainder of this book will describe many of the contributions to everyday life re-

sulting from this knowledge, and a sample of what is left to be done by the current and

future generations of chemists.

Fundamental principle of chemistry

. The first and most important principle is that chemical substances are made up of mole-
cules in which atoms of various elements are linked in well-defined ways. The second

principle is that there are somewhat more than 100 elements, which are listed in the pe-
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riodic table of the elements. The third principle is that those elements, arranged ac-
cording to increasing numbers of protons in their nuclei, have periodic properties. That
is, as the elements increase in their atomic number (number of protons in the nucleus),
every so often and element appears that is similar in its properties to one that has oc-
curred earlier in the table. For example, after lithium, with three protons in the nucle-
us, come other elements whose properties are decreasingly like those of lithium until
suddenly sodium appears, with a nucleus containing 11 protons. Sodium is quite similar
to lithium in many respects. The arrangement of the periodic table puts such similar el-
ements below each other in columns. Chemical reactions that lithium undergoes will al-
so occur with sodium, although not with the same speed or energy; lithium and sodium
are similar, but not identical.

Another principle is that the ways in which atoms are linked strongly affects the proper-
ties of chemical substances. This is particularly evident when covalent links (bonds)
are involved. Covalent bonds, in which two atoms are held together by a pair of elec-
trons shared between them, are the bonds that hold the atoms of carbon, oxygen, and
hydrogen together in cellulose, for instance. Most covalent bonds do not break easily,
which is why intense heating is needed to turn cellulose into charcoal. The precise ar-
rangement of the links determines chemical properties. By contrast, a salt such as sodi-
um chloride has what are called ionic bonds. The sodium and the chlorine are not di-
rectly linked, just held together by the attraction of the positive sodium ion for the neg-
ative chloride ion. When sodium chloride is dissolved in water, the sodium ion and the
chloride ion drift apart.

There is another much more subtle difference among chemical structures that has to do
with the three-dimensional arrangement of atoms in space. Two chemicals can differ, e-
ven when all the same atomic linkages are present, if the spatial arrangements are dif-
ferent. Differences in spatial arrangement can have several aspects, but the most inter-
esting has to do with handedness, or what chemists call chirality. When a carbon atom
carries four different chemical groupings, there are two different ways they can be ar-
ranged. For example, in the amino acid alanine the central carbon atom carries four dif-
ferent groups: a hydrogen atom, a nitrogen atom, and two carbon atoms that differ in

what is attached to them.
[Sl B %S XMEAXR]
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2 More about Chemistry )
( @as the Useful Science

The future

. Considering the enormous range of topics in this chapter, it is impossible to cover the
likely developments in all the fields. However, some advances will have a wide impact.
Modern structural materials

. Many of the uses of chemistry involve novel solid materials, with improved properties.
This is particularly true of what are called composites. These are combinations of mate-
rials in which the individual components cooperate. An example is the “graphite” used
in some modern tennis rackets, golf clubs, and skis. It consists of bundles of graphite
fibers (graphite is the black material in pencils) produced by high heating of a synthetic
polymer, imbedded in a synthetic material such as epoxy resin. The resin helps hold the
fibers together and protects them from breakage, while the fibers give strength to the
composite that the resin alone does not have.

. Composites are very old. In early civilization people learned that they could make bricks
using straw as the fiber and clay as the other component, and that such bricks were not
as fragile as those made from clay alone. More recently, fiberglass was invented using
glass fibers held together with a synthetic resin, a polyester. The very thin glass fibers
are flexible, unlike thick glass.

. Modern composites are good, but not yet ideal. They are very strong and yet light in
weight, so they are extensively used in aircraft and in automobiles. However, they do
not stand up to high heat, and some are hard to machine. It is clear that the future will
bring composite materials with greatly improved properties and lower cost. We can ex-
pect to see the metal in vehicles increasingly replaced by such materials. Furthermore,
they may increasingly find use as structural materials in bridges, for instance, in which
strong lightweight materials are needed.

. The advances in composites are guided not merely by random experimentation. Modern
techniques let chemists understand the detailed molecular structures inside a composite
and how to optimize them.

. Ceramics, such as one sees in cups and saucers, have many desirable properties, but
they can be fragile. Composites can be made by imbedding graphite or polymer fibers in
the ceramic, and they are then much less breakable. Ceramic composites can even be
used for very high temperature applications, such as in rocket engines for spacecraft.

. For many materials the exposed surfaces are particularly important. Thus a material
with useful bulk properties—either a simple solid material or a composite—can be made
with a surface coating of another material to give the special surface properties needed.

Early examples of surface coating include paint and the chrome plating of steel. Modern

7
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11.

12.

materials chemists are developing other special materials for surface coatings. Since the
surface layer is often quite thin, an expensive material can be used if its properties are
worth it. An interesting example is the development of methods to apply a thin coating
of diamond onto metals, which then become very tough and scratch-resistant. This can
be thought of as a special example of an important general goal—indestructible paint

that protects metals parts for many decades.

. The field of chemistry is increasingly concerned with the properties of organized mix-

tures of substances, not just of pure substances such as nylon and bakelite. This shift
in focus can be seen as an orderly intellectual transition. At first chemists looked at
complex materials, such as the wood, in trees, and separated them into their compo-
nents. They identified the chemical nature of cellulose, and of the lignin in wood that is
removed when wood is converted to paper. Now there is increasing interest in the
chemistry of the interacting components, not just the pure substances. This new em-
phasis is also true in biochemistry, where chemists first had to identify all the mole-
cules of life and their properties. Now there is increasing interest in the chemical inter-

actions among these molecules within the cell.

. Many devices already have complex arrangements of different chemicals. Photographic

film at one point consisted simply of silver chloride crystals imbedded in a synthetic
plastic, but modern color photographic film has many layers containing different dye
chemicals. An integrated-circuit chip, which makes modern computing possible, con-
sists of many layers of specialized materials on a pure silicon wafer. If the chemistry can
be mastered, even better devices are envisioned for the computers of the future. In ad-
dition, there is one other area in which advances will revolutionize our use of electricity,
Superconductors

Normal electrical conductors, such as copper wire, resist the flow of electricity to some
extent, turning part of the electric power into heat. It has been known for many years
that a few such conductors become superconductors at very low temperatures. In a su-
perconductor there is no electrical resistance, and thus electricity is transmitted with
complete efficiency. It would clearly be better if our power lines were constructed using
superconductors, so no electricity is wasted.

In addition, there are potential applications of superconductors in magnets and in elec-
tronic devices. In fact, some scientific magnets are already constructed with present-
day superconductors. They must be cooled close to the lowest possible temperature —
called absolute zero (—273°C, —459°F)—using liquid helium as the coolant, before
they become superconducting.

This need for extremely low temperatures is a problem. It is simply not practical to cool
transcontinental power lines with liquid helium. What is needed is a superconductor
that operates at higher temperatures. The ideal is a room-temperature superconductor, but
even one that operated at the temperature of liquid nitrogen (—196 ‘C) would be useful. The

air is 80% nitrogen, and turning it liquid by compressing it is not very expensive.
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Recent breakthroughs in materials chemistry suggest that practical superconductors op-
erating at such temperatures may be within reach. Interestingly, among the best so far
are special ceramics, materials like porcelain but containing very specific extra chemi-
cals. The remarkable thing is that these become superconductors at easily accessible
temperatures, but above those temperatures they are actually insulators. They are not
even electrical conductors except when they are cooled into the superconducting state.
If these materials can be improved, and this is an area of very active chemical research,
they could usher in an era in which power could be generated where convenient, and
transferred throughout the country very efficiently.
Another area in which we can expect great advances relates to our food.
Food supplies
Chemistry plays a role in the production of food, with modern agricultural methods and
animal health products, and in the processing of food for our consumption. Chemistry
also brings us more knowledge about what is in our foods, and what should be in a
healthful diet.
With improved agricultural chemicals we should be able to increase the productivity
farmland. Insect control will be achieved using selective environmentally friendly new
insecticides, some based on the detailed chemistry that insects themselves use. Fertiliz-
ers will better meet the needs of food plants, and weed control will help ensure that vi-
tal sunlight, fertilizer, and water go only to the food crops.
We are now much more sensitive to the matter of contamination of food. Chemists will
continue to test food and help defend it against spoilage and bacterial contamination.
Improved packaging makes it possible to store many foods without refrigeration, and
this technology will expand further in the future. Intelligent concerns about the effects
of intentional and unintentional food additives will also be addressed.
New agricultural chemicals will be developed to replace those that raise questions. For
instance, farm animals are frequently treated with antibiotics to decrease disease, but
we don't want those antibiotics to end up in our foods. Some otherwise effective antibi-
otics are now banned for use in food animals because of this concern, and they will be
replaced with improved medicinal agents.
Food spoilage can be prevented with antioxidant chemicals, but those that should be
used are the ones that also bring human health benefits, as some do. Food colorings in-
crease the appeal of some foods, but not if they have questionable effects on the con-
sumers.
We need to develop new agricultural and food chemicals that have no unwanted side
effects. Now that this requirement is completely clear, there is very active research to
develop the products of the future. Only recently have we all become sensitive to these
matters. They represent a tremendous challenge and opportunity for modern chemis-

try, and for the chemists of the future.
(5l B ZHESRMBAR)]
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2 More about Chemistry as the Useful Science

Vocabulary

enormous| i'noimas Jadj. E X%, k& K
impact[ 'impaekt]n. st 3, #F@. vt HN,
k. BRE. R AR

structurall 'straktfarel]adj. #1445, E M
composite[ 'kompazit, - zait]adj. & & #9 .
A o0 n A m

tennis| 'tenis Jn. M2k adj. MERE vi. 3T W3R
racket[ 'reekit |n. 3K 34

golf club & R X 48 K 3¢

ski[ skiz, [it]n. B EHe vi. BT

bundle[ 'bandl]n. 38, &, & . AL

fiber[ 'faiba Jn. =fibre * &

imbed[ im'bedJv. (=embed) 3 i, ., A
epoxy resin ER Z Rt A

straw[ stro: |n. #3¥E, X4

clay[ klei]n. #5 £

fiberglass[ 'faibogla:sn. 3% 35 4 4, 3 35 22
polyester[ 'polieste]n. & &

flexible[ 'fleksablladj. Z 4

aircraft] 'eokra:ft Jn. fi/7%, ®AITH
automobile[ 'a:tamaubi:l, ,9:ta'maubil | n.
A % (=<{3& >motor car,car)

stand up to &%, 24F4%, &K

machine[ ma'fitn]n. #L 2 vr. LB H &, A
% Rm I

vehicle[ 'viiikl ]n. 3 i@ T A

lightweight[ 'laitweit ]n. % & % & F adj.
Be,E2RN

optimize[ 'optimaiz]vt. 1% & AL

ceramics] si'reemiks Jn. K, %) H Ak
saucer| 'soise n. 46, BEF, Xt

fragile[ 'freedzailladj. % # %, Wt
rocket[ 'rokit]n. K45 v. ®ig L4}

spacecraft 'speiskra:ftJn. XK =A%, FHF KA
coating[ 'keutin Jn. #& & ., KAt

tough[ taf]n. B adj. %BAR W, X T8, 4
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indestructible [ indi'straktabl ] adj. R 4& #&
Ry, RTHRE

paint[ peint n. ¥, BA, BA 0 Wi,
¥

nylon[ 'nailen Jn. F. %,

bakelite[ 'beikalait]n. @ & #8 4
intellectual[ inti'lektjusl]adj. %& 5 %5, #
% 18 n. fmin o

cellulose[ 'seljulaus n. 4 4 %

lignin[ 'lignin]n. A& %

photographicl foute'greefik Jad;. B 4865 #&
#

plastic[ 'pleestik, pla:stik]n. # A& adj. % &
o, BB

integrated-circuit chip & & & &% K

wafer[ 'weifon. & K vt. BT R K &
envision[ in'vizen]vz. 48 %, R4
revolutionizel reva'l(j)u:[enaiz]vt. ¥ &1L,
. AEEXRER

superconductor[ ,sju: peken'dakte ] n. # %
(&) 1k

resistance[ ri'zistans |n. B 3. % L
transmit[ treenz’mit Jot. & %, 3% vi. X4
55, Ak

magnet[ 'meegnit ]n. BEik, BEgk

coolant[ 'ku:lent Jn. %% #l, A3k, # A
transcontinental [ 'treenzkonti'nental ] adj.
R K8

breakthrough[ 'breik'Bru: Jn. & #%
reach[ritt[ n. A, & B wr. 3] ik, ik 3|
vi. BB, AR, PR T, BT

porcelain[ 'pa:slin, - lein]n. £ &, & adj.
T H

insulator[ 'insjuleite]n. &% 1k, % # &
usher['Afo]n. 38 R, W K o, 51 F., B+



