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= Introduction
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1—1 Introduction

1—1—1 What is inorganic chemistry

Chemistry is the science that is concerned with the composition,
structure, properties of matter and what it undergoes. Chaxistry

es’of two related but distinctactivities;: (i) the questfor an

.com
ﬁ?wgi%ﬁdé% anding of matter and material change; (ii) the utilization of
material change for human ends. Ideally@ the first activity provides
the necessary know-how for the pursuit“%df the second, but in
practice, the help it can give is only partial, and the second activity
has to fall back on trial and error techniques in order to achieve its
ends. This means that a good chemist is one who not only has a
mastery of chemical theory, but also a good knowledge of chemical
facts. With such a knowledge he can direct a trial-and-error

approach to practical problems in the most promising directions.

If organic chemistry is dsfined as the chemistry of hydrocarbon
compounds and é/heir d‘erivateﬁ inorganic chemistry can be
described broadly~as the chemistry of “everything else”. This
includes all the remaining elements in the periodic table, as well as
carbon, which plays a major roll in many inorganic compounds.
With the development of chemistry, the definitions above seem a
bit out of date though they appear in textbooks widely in China even

now. There are many new inorganic compounds that are very



similar to those studied under traditional organic chemistry (e. g.

the silicon analogues”of the hydrocarbons). In some foreign
textbooks, therefore, inorganic chemistry is described as the
chemistry of all the elements, with organic chemistry as being a -
more detailed study of certain important aspects of one of them—

the hydrocarbons and their derivatives.

Inorganic chemistry is very important for normal university
students whose major is chemistry. Inorganic chemistry knowledge
is the basis for further chemistry study as well as for teaching in

middle school.

1—1—2 History of inorganic chemistry

9
Even before alchemy became a subject of study, many chemical
reactions were used and the products were applied to daily life. For
example, the first metals used were probably gold and coppe%]

which can be found in the metallic state.

Alchemists were active in China, Egypt, and other centers of
civilization early in the first centuries AD. Although much effort
went into attempts to “transmute” base metals into gold, the
treatises of these alchemists also descébed many other chemical
reactions and operations. Distillation,° crystallization, and her
techniques were developed and used in their studies. Gunpowder
was used in Chinese fireworks as early as 1150 AD, and alchemy

was also widespread in China and India at that time.

IS 2R

By the 17" century, the common strong acids (nitric, s_lgl_ng,
and hydrochloric) were known, and more systematic descrlptlons
gy

%.f5
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of common salts and their reactions were being accumulated. The
combination of acids and bases to form salts was appreciated by
some chemists. As experimental techniques improved, the
quantitative study of chemical reactions and the properties of gases
became more common. Atomic and molecular weights were
determined more accurately, and the groundwork was laid for what
later became the periodic table. By 1869, the concepts of atoms
and molecules were well established, and it was possible for

Mendeleev and Meyer to describe different forms of the periodic

table.

In 1896, Becquerel discovered radioactivity, and another area of
study was opened. Studies of subatomic particles, spectra, and
electricity finally led to the atomic theory of Bohr in 1913, which
was soon modified by the quantum mechanics of Schrédinger and
Heisenberg in 1926 and 1927. Nowadays, inorganic chemistry is
developing rapidly and its bright future is attracting more and more

youngsters’ dedication.

1—2 Gas

1—2—1 The ideal gas equation

The behavior of gases can be described by three laws:

constanty (T
-, |

Boyle’s law: V= n constant)

Charles’ law: V=constant. X T (p, n constant)

Avogadro’s law: V=constant, Xn (T, p constant)
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So we can draw a conclusion that:

pV=nRT. (Equation 1. 1)
Equation 1.1 is called the Ideal Gas Equation or ideal gas law. V is
the volume of the gas, p is the pressure of the gas, = is the
number of moles of gas, R is proportionality constant and the value

of Ris 8.314 J » mol ™' « K™', T is the Kelvin temperature.

1—2—2 Van der Waals Equation

Engineers and scientists who work with gases at low temperatures
and high pressures need an equation that is more accurate than the
ideal gas equation. These equations use constants besides R to
make the equation better fit the experimental data. One of the real

gas equations is the Van der Waals Equation:
2
( p+‘%) (V—nb) =nRT. (Equation 1. 2)

It is a simple example of a more accurate equation. It uses two
constants besides R. The term an’/V? is added to p because the
presses observed for real gases are low as a result of the attractive
forces between molecules. The term nb is subtracted from V
because the volumes observed for real gases are high as a result of

the volume of real gas molecules.

1—2—3 Dalton’s Law of partial pressures

The pressure of each gas in a mixture is called the partial pressure
of that gas. The total pressure of a mixture of gases is equal to the

sum of the partial pressures of gases in the mixture.
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Pt = Poae 1 T P 1220 ‘ (Equation 1. 3)
This is called Dalton’s Law of Partial Pressures.
Sample problem 1. 1: Suppose that hydrogen is collected over water
at 22°C. How much H, (expressed in moles) has been collected
when the volume of gas is 126 mL under atmospheric pressure of
100 kPa? The vapour pressure of water at 25 Cis 2. 7 kPa.
Solution: p,.. =pu, +sz0 sy Pum =100 kPa, pu0=2.7 kPa,
SO Py, = Pum — Pr,o=100—2.7=097.3 kPa.
Solving the ideal gas equation for n, we find:

£V _97.3X10° PaX0.126X10"°m’
“ " RT 8.314]+mol '+ K X295 K

=0. 005 mol

1—2—4 Graham’s Law of effusion and diffusion

In the early 19" century, the Scotch chemist Thomas Graham
studied the rates of effusion of different gases under the same

conditions. He found the Graham’s Law of Effusion.

rate of effusion of gas 1

__ [/Mgas 2 .
rate of effusion of gas 2\ Mgas 1° (Equation 1.4)

At the same temperature and pressure, the rates of effusion of

different gases are inversely proportional to the square roots of their
molecular masses. In everyday language, under the same -
conditions, light gas molecules effuse faster than heavy gas

molecules.

Sample problem 1.2: An unknown gas composed of homonuclear,
diatomic molecules effuses at a rate that is only 0. 355 times that of
O, at the same temperature. What is the identity of the unknown

gas?



