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General Knowledge of Chemistry and
Chemical Engineering

1.1 CHEMISTRY AND CHEMICAL ENGINEERING

1.1.1 What is Chemistry about

The different kinds of matter that compose the umiverse are termed
materials. Each material has its own distinguishing characteristics, which
is termed its properties. These properties enable the material to be recog-
nized or separated from other materials.

The study of materials is the joint concern of chemistry and physics.
These two sciences are so closely related that no one can leam very much
about either without considerable training in the other'. In many of their
applications it is hard to tell where the one science leaves off and the oth-
er begins.

Roughly stated, physics is concemed with the general properties and
energy and with events which result in what are termed physical changes”.
Physical changes are those in which materials are not so thoroughly altered
as to be converted into other materials distinct from those present at the
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Chemistry, by contrast, is chiefly concemed with properties that
distinguish materials from one another and with events which result in
chemical changes. Chemical changes are those in which materials are
transformed into completely different materials. Who but a chemist would
ever guess that common salt can be resolved into a greenish gas and sil-
very metal*? Or that two odorless gases, nitrogen and hydrogen, can be
combined to form ammonia? Or that ordinary air and water can be con-
verted into nitric acid 7 Or that coal tar contains ingredients that can be
- transformed into dyestuffs and perfumes?

Such thoroughgoing transformations, in which all the properties of a ma-
terial are altered, so that a completely different material is obtained, are
called chemical transformations, chemical changes or chemical reactions.

Chemistry as an art is concemed with identifying, separating and
transforming materials, in applying them to definite uses’.

Chemistry as a science is a manner of thinking about transformations
of materials which helps us to understand, predict and control them. It
furnishes directing intelligence in the use of materials.

1.1.2 The Scope of Chemistry

Chemistry is sometimes called the “central science” because it re-
lates to so many areas of human endeavor and curiosity. Chemists who de-
velop new materials to improve electronic devices such as solar cells,
transistors, and fiber optic cables work at the interfaces of chemistry with
physics and engineering. Those who develop new pharmaceuticals for use
against cancer or AIDS work at the interfaces of chemistry with pharmacol-
ogy and medicine.

Many chemists work in more traditional fields of chemistry. Bio-
chemists are interested in chemical processes that occur in living organ-
isms. Physical chemists work with fundamental principles of physics and
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chemistry in an attempt to answer the basic questions that apply to all of
chemistry: Why do some substances react with one another while others
do not? How fast will a particular chemical reaction occur? How much
useful energy can be extracted from a chemical reaction? Analytical
chemists are investigators; they study ways to separate and identify chemi-
cal substances. Many of the techniques developed by analytical chemists
are used extensively by environmental scientists. Organic chemists focus
their attention on substances that contain carbon and hydrogen in combi-
nation with a few other elements. The vast majority of substances are or-
ganic chemicals. Inorganic chemists focus on most of the elements other
than carbon, though the fields of organic and inorganic chemistry overlap
in some ways.

Although chemistry is considered a “mature” science, the landscape
of chemistry is dotted with unanswered questions and challenges. Modem
technology demands new materials with unusual properties, and chemists
must devise new methods of producing these materials. Modem medicine
requires drugs targeted to perform specific tasks in the human body, and
chemists must design strategies to synthesize these drugs from simple start-
ing materials. Society requires improved methods of pollution control,
substitutes for scarce materials, nonhazardous means of disposing of toxic
wastes, and more efficient ways to extract energy from fuels. Chemists are

at work in all these areas.
1.1.3 Chemical Engineering

Chemical engineering is the profession concerned with the creative
application of the scientific principles underlying the transport of mass,
energy and momentum, and the physical and chemical change of matter®.
The broad implications of this definition have been justified over the past
few decades by the kinds of problems that chemical engineers have
solved, though the profession has devoted its attention in the main to the
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chemical process industries. As a result chemical engineers have been de-
fined more traditionally as those applied scientists trained to deal with the
research, development, design and operation problems of the chemicals,
petroleum and related industries. Experience has shown that the princi-
ples required to meet the needs of the process industries are applicable to
a significantly wider class of problems, and the modem chemical engineer
is bringing his established tools to bear on such new areas as the environ-
mental and life sciences’ .

Chemical engineering developed as a distinct discipline during the
twentieth century in answer to the needs of a chemical industry no longer
able to operate efficiently with manufacturing processes which in many
cases were simply larger scale versions of laboratory equipment®. Thus,
the primary emphasis in the profession was initially devoted to the general
subject of how to use the results of laboratory experiments to design pro-
cess equipment capable of meeting industrial production rates’. This led
naturally to the characterization of design procedures in terms of the unit
operations, those elements common to many different processes. The ba-
sic unit operations include fluid flow, heat exchange, distillation, extrac-
tion,etc. A typical manufacturing process will be made up of combina-
tions of the unit operations. Hence, skill in designing each of the units at
a production scale would provide the means of designing the entire pro-
cess.

The unit operations concept dominated chemical engineering educa-
tion and practice until the mid-1950s, when a movement away from this
equipment-oriented philosophy toward an engincering science approach be-
gan'". This approach holds that the unifying concept is not specific pro-
cessing operations, but rather the understanding of the fundamental phe-
nomena of mass, energy and momentum transport that are common to all
of the unit operations, and it is argued that concentration on unit opera-

tions obscures the similarity of many operations at a fundamental level' .



General Knowledge of Chemistry and Chemical Engineering 5

Although there is no real conflict between the goals of the unit opera-
tions and engineering science approaches, the latter has tended to empha-
size mathematical skills and to de-emphasize the design aspects of engi-
neering education. Such a conflict need not exist, and recent educational
effort has been directed toward the development of the skills that will en-
able the creative engineering use of the fundamentals, or a synthesis of
the engineering science and unit operations approaches. One essential
skill in reaching this goal is the ability to express engineering problems
meaningfully in precise quantitative terms. Only in this way can the
chemical engineer correctly formulate, interpret, and use fundamental ex-
periments and physical principles in real world applications outside of the
laboratory . This skill which is distinct from ability in mathematics, we call

analysis'?,
Vocabulary
1. property [ " propeti] n. HHi
2. greenish [/ grimif ] a. BREEH
3. silvery [’silvori] a. BRI RER R
4. odorless [ "sudalis ] n. BAHSHKE
5. nitrogen [ "naitridsen ] n. &
6. hydrogen ['haidridzon] n. %
7. ammonia (2’ mounis ] n. 8.8k
8. nitric [/ naitrik ] a. SEK FERRIR
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. implication [‘impli'keifon] n.3&E & X FR
. procedure [ pro’sitdza] n. BF . Fa SR
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Phrases
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in the main FEH, B4 F
process industry Hn Ty
bring ... to bear on e AT, oo oo ORI

. These two sciences are so . .. in the other. F]FF“that” 5| REERREBENE, &

AER BT RME RERRARE—EUZTERA - PAER
A - ERAH Y B VIR %S 55 —%F,

. Roughly stated, physics is concemed . .. physical changes. %)% “roughly stated”



