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PART ONE BASIC KNOWLEDGE OF INORGANIC
AND ORGANIC CHEMISTRY

Unit 1 Basic Concepts of Inorganic Chemistry

MATTER

Definition of Matter

Matter is defined as anything that occupies space and has mass. Mass is the quantity of
matter which a substance possesses and, depending on the gravitational force acting on it,
has a unit of weight assigned to it '. Although the weight then can vary, the mass of the
body is a constant and can be measured by its resistance to a change of position or mo-
tion. This property of mass to resist a change of position or motion is called inertia. Since
matter does occupy space, we can compare the masses of various substances that occupy a

particular unit volume. This relationship of mass to a unit volume is called the density of the

substance. It can be shown in a mathematical formula as D= . The basic unit of mass (m)

v
in chemistry is the gram (g), and of volume (V) is the cubic centimeter (¢cm?®) or milliliter
(mL).
States of Matter

Matter occurs in three states: solid, liquid, and gas. A solid has both a definite size and
shape. A liquid has a definite volume but takes the shape of the container and a gas has nei-
ther definite shape nor definite volume. These states of matter can often be changed by the
addition of heat energy. An example of this is ice changing to liquid water and finally steam.
Composition of Matter

Matter can be subdivided into two general categories: distinct substances and mix-
tures. The distinct substances are either elements or compounds. If a substance is made up of
only one kind of atom, it is called an element. If, however, it is composed of two or more
kinds of atoms joined together in a definite grouping, it is classified as a compound 2. That a
compound then always occurs in a definite composition is called the LLaw of Definite Composi-
tion of Proportion. An example of this is water: it always occurs in two hydrogen atoms to
one oxygen atom relationship to form the compound water. Mixtures, however, can vary in
their composition.
Chemical and Physical Properties

Physical properties of matter are those properties of matter that can be usually observed
with our senses. They include everything about a substance that can be noted when no change
is occurring in the type of structure that makes up its smallest component®. Some common
examples are physical state, color, odor, solubility in water, density, melting point, taste,
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boiling point, and hardness.

Chemical properties are those properties which can be observed in regard to whether or
not a substance reacts with other substances’. Some common examples are: iron rusts in
moist air, nitrogen does not burn, gold does not rust, sodium reacts with water, silver does
not react with water, and water can be decomposed by an electric current.

Chemical and Physical Changes

The changes matter undergoes are classified as either physical or chemical. In general, a
physical change alters physical properties but the composition remains constant. The most of-
ten altered properties are form and state. Some examples are: breaking glass, cutting wood,
melting ice, and magnetizing a piece of metal. In some cases, the process that causes the
change can be easily reversed and we again have the substance in its original form.

Chemical changes are always changes in the composition and structure of a sub-
stance. They are always accompanied by energy changes. If the energy released from the for-
mation of a new structure exceeds the chemical energy in the original substances, energy will
be given off usually in the form of heat or light or both®. This is called an exothermic reac-
tion. If the new structure, however, needs to absorb more energy than is available from the
reactants, we have an endothermic reaction®. This can be shown graphically.

Conservation of Mass

When ordinary chemical changes occur, the mass of the reactants equals the mass of the
products. This can be stated another way; that is, in a chemical change, matter can neither
be created nor destroyed, but only changed from one form to another. This is referred to as
the Law of Conservation of Matter. This law is contradicted by the Einstein mass-energy re-

lationship, which states that matter and energy are interchangeable.

ENERGY

Definition of Energy

Energy is usually defined as the ability to do work.
Forms of Energy

Energy may appear in a variety of form. Most commonly, energy in reactions is evolved
as heat. Some other forms of energy are light, sound, mechanical energy, electrical energy,
and chemical energy. Energy can be converted from one form to another. An example of this
is the heat from burning fuel being used to vaporize water to steam. The energy of the steam
is used to turn the turbine wheels to produce mechanical energy. The turbine turns the gener-
ator armature to produce electricity. The electricity is then available in homes for use as
light, heat, or the operation of many modern appliances.

Two general classifications of energy are potential energy and kinetic energy. Potential
energy is due to position; kinetic energy is energy of motion. The difference can be illustrated
by a boulder sitting on the side of a mountain. It has a high potential energy due to its posi-
tion above the valley floor. If it falls, however, its potential energy is converted to kinetic en-
ergy. This illustration is very similar to the situation of electrons cascading to lower energy
levels in the atomic model.
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Conservation of Energy
Experiments have shown that energy is neither gained nor lost in physical or chemical
changes. This principle is known as the Law of Conservation of Energy and is often stated as

follows: Energy is neither created nor destroyed in ordinary physical and chemical changes.

CONSERVATION OF MATTER AND ENERGY

With the introduction of atomic theory and a more complete understanding of the nature
of both matter and energy, it was found that a relationship exists between these two con-
cepts’. Einstein formulated the Law of Conservation of Mass and Energy. This states that
matter and energy are interchangeable under special conditions. The conditions have been cre-
ated in nuclear reactors and accelerators, and the law has been verified. This relationship can
be expressed by Einstein’s famous equation:

E=mc?

Energy= Mass X (Velocity of light)?
New Words and Phrases

accompany [o'kamponi] wt. ,
appliance [a'plaions] . ,
armature [ 'amotjua(r) | n. ( N ) .
assign [o'sain] wvt. R
atomic [a'tomik] adj. ,
body ['bodi] . , , ,
boulder ['bouldo] n. ,
cascade [kees'keid] n. , i.
category [ 'keetigeri] n. ,
centimeter [ 'sentijmiitor | 7.
chemical ['kemikal] adj. n. ,
chemistry ['kemistri] n.
classification [ kleesifi'keifon] n. ,
component [ kom'pounont] . adj. ,
composition [ kompa'zifon] n. , , ,
compound [ 'kompaund] 7. , adj. . ,
conservation [ konso(:)'veifon] n. R R
constant [ 'konstont] n. R adj. R
container [kon'teino] n. ,
convert [ kon'vait] wr. s eeeees
decompose [ ditkem'pauz] . , ()
density [ 'densiti] n.
distinct [dis'tinkt] adj. R , ,
element ['elimont] n. , ,
endothermic [ endou'8oimik] adj. (G
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exothermic [ eksou'0oimik] adj. R

experiment [iks'perimont] n. , vi.
formula ['formjule] n. R

generator [ 'dzensreite] n. ,
graphically ['greefikol] adj. ,

gravitational [grevi'teifonl] adj.
grouping [ 'grupig] n.

hardness [ 'haidnis] =. , ,
hydrogen [ 'haidroudzon| n.
inertia [i'na:fjo] n. ,

interchangeable [inta'tfeindzeb () 1] adj.

iron ['aton] n. ot. R

kinetic [kai'netik] adj. , )
magnetize [ 'meegnitaiz] ot , vi.
mass [mes]| n. . adj. ot.
mathematical [ imee6i'meetikol] adj. R
milliliter [ 'mililitte (r) ] 7. R
mixture [ 'mikstfo] 7n. , ,

nitrogen [ 'naitradzen] n.

oxygen [ 'oksidzon] .

physical [ 'fizikal] adj. , ) ,
potential [pa'tenf (o) 1] adj. , s
principle ['prinsopl] . , .

product [ 'prodokt] . , ,

property [ 'propeati] n. , )

reactant [rii'aektont] 7.

relationship [ri'leifonfip] n. R

resistance [ri'zistons] n. R R

reverse [ri'vois| . , adj. s

sodium ['seudjem, -diem] n.

solubility [solju'biliti] 7. , ,
state [steit] n. . adj. . ut.
structure [ 'straktfo] n. , , ot.
subdivide ['sabdi'vaid] <. ,

substance ['sabstons] 7. , ,

turbine [ 'torbin, -bain] n.

vaporize [ 'veiporaiz] wv. ( )

assign to

be classified as

be composed of =~ eeeee-

be converted from one form to another
be defined as

4 .
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be made up of ~ «eeee-

be referred to as

be subdivided into

boiling point

in/with regard to

melting point

the Einstein mass-energy relationship

the Law of Conservation of Mass and Energy
the Law of Conservation of Matter

the Law of Definite Composition of Proportion
Notes

. Mass is the quantity of matter which a substance possesses and, depending on the gravita-

tional force acting on it, has a unit of weight assigned to it.

is  has  Mass , which a substance possesses quantity, depen-

ding on the gravitational force acting on it .

If, however, it is composed of two or more kinds of atoms joined together in a definite

grouping, it is classified as a compound.

joined together in a definite grouping atoms,

They include everything about a substance that can be noted when no change is occurring

in the type of structure that makes up its smallest component.

that can be noted everything, that makes up its smallest component
structure . °

Chemical properties are those properties which can be observed in regard to whether or

not a substance reacts with other substances.

which can be observed in regard to whether or not a substance reacts with other sub-

stances properties,

If the energy released from the formation of a new structure exceeds the chemical energy in the

original substances, energy will be given off usually in the form of heat or light or both.

released from the formation of a new structure energy.,

If the new structure, however, needs to absorb more energy than is available from the re-

actants, we have an endothermic reaction.

than is available from the reactants . , You spent

more money than was intended to be spent. .

. With the introduction of atomic theory and a more complete understanding of the nature of

both matter and energy, it was found that a relationship exists between these two con-

cepts.
With o , With such knowledge and experience, he is
sure to succeed. , .

Exercises

I . Understanding the text



What is matter
How can the mass of a body be measured
What are element, compound and mixture

State the definitions of physical and chemical properties.

Ol =~ W D=

State the definitions of physical and chemical changes.

6. State the definitions of the Law of Conservation of Mass, the Law of Conservation of
Energy and the Law of Conservation of Matter and Energy.

II. Translate the following into English

1.

© 00 N O Ul o= W N

10.

. Translate the passage into Chinese

All matter has mass. Chemists are interested in the masses of materials, because they
want to know how much material they need to use to prepare a certain amount of a product.

The mass of an object is the quantity that measures its resistance to change in its state of
rest or motion.

The mass of an object also determines its weight. The weight of an object is only a meas-
ure of the force with which the object is attracted by the earth. This force depends upon the
mass of the object, the mass of the earth, and the position of the object on the earth’s sur-
face, especially the distance of the object from the center of the earth. Since the earth is
slightly flattened at its poles, the distance of its surface at the North Pole or South Pole from
its center is less than that at the equator. In consequence the weight of an object as measured
by a spring balance, which measures the force, is greater at the North Pole or South Pole
than at the equator. For example, if your weight, measured by a spring balance, is 150. 0 Ibs
at the equator, it would be 150. 8 Ibs at the North Pole, measured on the same spring bal-

ance—nearly a pound more. Your mass, however, is the same.

Reading Materials
Tianjin Bohai Chemical Industry Group Corporation

Ranking 131 among the state top 500 enterprises, Tianjin Bohai Chemical Industry
Group Corporation is an oversize ( ) Chinese enterprises’ group, which keeps an an-
nual marketing amount over RMB ten billion Yuan and annual import and export value over
US$ 0.5 billion. Its products involve almost 3000 varieties including such numerous fields as
salt manufacture ( ), soda ash ( ), caustic soda ( ), organic chemical industry,
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inorganic chemical industry, refined chemical industry, rubber and plastic processing indus-
try, bio-chemical industry, etc.

The yield of such products produced by Tianjin Bohai Chemical Industry Group Corpora-
tion take the leading position in Chinese chemical industry as polyvinyl chloride ( )
caustic soda, crude salt ( ), soda ash, maleic anhydride ( ), phthalic anhydride (

), epoxy propane ( ), epichlorohydrin ( ), dyestuff, pigment, organ-
ic peroxides, carbon black, large off-road tyres ( ), radial tires (

), sodium metasilicate pentahydrate ( ), and so on. And lots of its products
enjoy a good reputation both at home and abroad.

The chief purpose of improving self-worth rests with having you gain larger success that

is our promise to all of our customers.
Tianjin Bohai Chemical Industries Imp. & Exp. Corp.

Tianjin Bohai Chemical Industries Import & Export Corporation (TBCIIEC), one of the
earliest-founded corporation combing industry and trade since the reform and opening to the
outside in China, was established on Jan. 1st, 1986. With the opening policy, TBCIIEC has
become a member of the close enterprises subordinate to the Bohai Chemical Industry Group
Corporation. Serving as a window to the outside, TBCIIEC engages in import and export
business as well as projects of economic and technology cooperation for Bohai Group. Based
on the principle of equality, mutual benefit, exchange of needed goods and collaboration,
TBCIIEC will make full use of its advantages of industy-trade combination and technology-
trade combination so as to enlarge foreign trade business scope by means of developing im-
port and export, counter trade ( ), barter trade ( ), compensation trade
( ), processing with supplied materials, assembling with supplied spareparts, im-
port and export of technology, export of complete sets of chemical industry equipments, la-
bor service ( ), and contracted projects abroad ( ). etc.

Bohai Chemical will be always ready to provide customers with various kinds of high-
quality chemical products, complete set of equipment and technology for chloro-alkali (

) industry and chemical industry.

Export business scope: Soda Ash, Caustic Soda, Liquid Caustic Soda, Sodium Bicar-
bonate ( ), Agricultural Ammonium Chloride ( ), Industrial Ammonium
Chloride ( ), Barium Chloride, Sodium Bicarbonate ( ), Agricultural
DDT, Polyvinyl Chloride Resin ( )» Methionine ( ), Oxalic Acid (

), Lindane ( ), Sodium Pentachlorophenate ( ), Monochlorobenzene, For-
mic Acid, Dichlorobenzene, Trichlorobenzene, Calcium Hypochlorite ( ), complete
equipment and technology for chloro-alkali industry.

Import business scope: Raw Chemicals, Packing Materials, Materials for Special Uses,
Apparatuses, Instruments and Technology.

TBCIIEC is keen to establish business relationship with trade partners abroad and will

cooperate with them wholeheartedly.
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Unit 2  Acids, Bases and Salts

Acids

There are some characteristic properties by which an acid may be defined'. The most im-

portant are as follows.

.
6.

1. Water solutions of acids conduct electricity. This conduction depends on their degree of
ionization. A few acids ionize almost completely, while others ionize only to a slight de-
gree. The table below indicates some common acids and their degrees of ionization.

ACIDS

Completely or Nearly

) Moderately Ionized Slightly Ionized
Completely Ionized
Nitric Hydrofluoric
Hydrochloric Oxalic Acetic
Sulfuric Phosphoric Carbonic
Hydriodic Sulfurous Hydrosulfuric
Hydrobromic (Most others)

2. Acids will react with metals that are more active than hydrogen ions to liberate hydro-

gen?. (Some acids are also strong oxidizing agents and will not release hydro-

gen. Somewhat concentrated nitric acid is such an acid)

. Acids have the ability to change the color of indicators. Some common indicators are lit-

mus and phenolphthalein. Litmus is a dyestuff obtained from plant life. When litmus is
added to an acidic solution or paper impregnated with litmus is dipped into an acid, the
neutral purple color changes to a pink-red color. The phenolphthalein is red in a basic solu-

tion and becomes colorless in a neutral or acid solution.

. Acids react with bases so that the properties of both are lost to form water and a salt. This

is called neutralization. The general equation is: Acid+Base —>Salt+ Water
An example is; Mg(OH);+ H,SO, —MgSO, +2H,0
If an acid is known to be a weak solution, you might taste it and note the sour taste.

Acids react with carbonates to release carbon dioxide. An example is;:

CaCO3 +2HC1 —CaCl; + H;COj; (unstable and decomposes)
H: O+ COq

The most common theory used in first-year chemistry is the Arhennius Theory, which

states that an acid is a substance that yields hydrogen ions in an aqueous solution?®. Although

we speak of these hydrogen ions in the solution, they are really not separate ions but become

attached to the oxygen of the polar water molecule to form the H;OT ion (the hydronium

ion) . So it is really this hydronium ion we are concerned with in an acid solution?.

.8 -



Bases

Bases may also be defined by some operational definitions that are based on experimental

observations. Some of the important ones are as follows.

BASES

Completely or Nearly Completely Ionized Slightly Ionized

Potassium hydroxide

Sodium hydroxide . .
Ammonium Hydroxide

(All others)

Barium hydroxide

Strontium hydroxide

Calcium hydroxide

1. Bases are conductors of electricity in an aqueous solution. Their degree of conduction de-
pends on their degree of ionization. See the table of the common bases above and their de-
grees of ionization.

2. Bases cause a color change in indicators. Litums changes from red to blue in a basic solu-
tion and phenolphthalein becomes a pink color from its colorless state.

Bases react with acids to neutralize each other and form a salt and water.
Bases react with fats to form a class of compounds called soaps. The earlier generations
used this method to make their own soap.

5. Aqueous solutions of bases feel slippery and the stronger bases are very caustic to the

skin.
SALTS

A salt is an ionic compound containing positive ions other than hydrogen, and negative
ions other than hydroxide ions®. The usual method of preparing a particular salt is by neutral-

izing the appropriate acid and base to form the salt and water.

Acid Concentration Expressed as pH

Frequently, acid and base concentrations are expressed in a system called the pH sys-
tem. The pH can be defined as—1lg [ H" |, where [ H" ] is the concentration of hydrogen
ions expressed in moles per liter. The logarithm is the exponent of 10 when the number is
written in the base 10.

An example of a pH problem is:

Find the pH of a 0. 1 molar solution of HCI.

1st step: Since HCl ionizes almost completely into H" and CI~, the [H" ]=0. 1 mole/
liter.

2nd step: By definition pH=—1g[ H™" ]

pH=—1gl0!

3rd step: The logarithm of 107 1is—1



So pH=—(—1)

4th step: The pH then is=1.

Since water has a normal H" concentration of 1077 mole/liter because of the slight ioni-
zation of water molecules, the water pH is 7 when it is neither acid nor base. The normal pH
range is from 1 to 14.

1 7 14
Acid Neutral Base

New words and Phrases

acetic [o'sittik] adj. ,
acidic [a'sidik] adj. ,
agents [ 'eidzent] n. , s

ammonium [o'moaunjom] 7.
aqueous [ 'eikwios| adj. ,
barium [ 'beoriom] .

base [beis| n. R R R
basic ['beisik] adj. ,
calcium [ 'keelsiom| n.

carbon [ 'katbon] n. , ( )

carbonate ['ka:beneit] n. ot ,
carbonic [ka:'bonik] adj. ,

caustic [ 'kostik]  adj. ,

conduct [ 'kondakt, -dokt] . , v, , ,

conduction [ken'dakfon] n.
dioxide [dai'oksaid] n.
dyestuff ['daistaf] n.

exponent [eks'pounont] n. , , ,

hydriodic [ ihaidri'adik] adj.

hydrobromic [ 'haidrou'broumik] adj. ,

hydrochloric [ haidrou'klorrik] adj. ,

hydrofluoric [ 'haidroflu () 'orik] adj. R R
hydronium [hai'drouniom] n. s

hydrosulfuric [hai'drousal'fjuorik] adj.

hydroxide [ hai'droksaid, -sid] . ,
impregnate ['impregneit] wt. . adj. ,
indicator ['indikeito] . R

ion ['alon] 7.

ionization [ aionai'zeifon] 7. , ( )
ionize ['alonaiz] wt. vi. ,
litmus [ 'litmos] n.

logarithm ['logori®m] .

molar ['mouls] adj. R n. R
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neutral ['njuitral] n. R adj. , ,
neutralization [ injuitrolai'zeifon]| n. , ,

nitric [ 'naitrik] adj. , ,

operational [ jopa'reifonl] adj. ,

oxalic [ok'szlik] adj. ,

oxidizing [ 'oksiidaiz] w. ( )

phenolphthalein [ finol'f0zliin] .

phosphoric [fos'forik] adj. ( )
polar ['paula] adj. , n. ,
potassium [ po'tasjom] n.

purple ['popl] adj. n.

solutions [so'ljufon] n. , ,

somewhat ['sam (h) wot] adv. , ,

strontium [ 'stronfiom] 7.

sulfuric [sal'fjuerik] adj. ,
sulfurous ['salforos| adj. R ,
table [ 'teibl] =n. , ,

attached to

be concerned with ~  «eeeee

dip into  eeeeer ( )

Notes

. There are some characteristic properties by which an acid may be defined.

by which an acid may be defined properties, , This is the house in
which Lu Xun once lived. R
. that are more active than hydrogen ions metals, to liberate hydrogen

o

. which states that an acid is a substance that yields hydrogen ions in an aqueous solution

theory, that yields hydrogen ions in an aqueous solution
substance,
. So it is really this hydronium ion we are concerned with in an acid solution. it ,
we are concerned with in an acid solution .

A salt is an ionic compound containing positive ions other than hydrogen, and negative

ions other than hydroxide ions. other than IERITRIY 7, : There’s no-
body here other than me. .
Exercises

. Understanding the text

. What main properties do acids have

1

1

2. What properties do bases possess

Il . Translate the following expressions into English
1
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10. pH

Ill. Translate the passage into Chinese

Acids have the following general properties: They taste sour, change blue litmus paper
to red, act with active metals, liberating hydrogen, act with carbonates, liberating carbon
dioxide, and neutralize bases. These properties are those of hydrogen ions (H" ) in water so-
lutions of acids.

A base has the properties of the hydroxyl ion in solution. It can neutralize an acid. A
substance with marked basic properties is an alkali.

Salts may be prepared by neutralization; by metal plus acid; by metal oxide plus acid;
by metal carbonate plus acid; and by special methods. The solubilities of salts are summa-
rized in solubility rules.

Some reactions are reversible. In reversible reactions, an equilibrium of two opposite
chemical reactions is set up, under a given set of conditions of concentration, temperature,
and pressure.

The rate of a chemical reaction is influenced by temperature; by pressure, if a gas is a-
mong the reaction substances or products; by the presence of a catalyst; and by the concen-
tration.

The principle of mass action is: A reversible equilibrium reaction can be made to ap-
proach a nearly complete reaction by increasing the concentration of one of the reacting sub-

stances or by decreasing the concentration of a product.

Reading Materials
Chemical Industry Area of Leuna

Chemistry for a Whole Century

The smart and forward-thinking ( ) plans of the world-renowned chemist Carl
Bosch ( . 1874—1940, , 1931 ) quickly put Le-
una ( , ,) on the international map.

After the introduction of commercial ammonia ( ) synthesis, methanol ( ) soon
followed in 1923 on a world-scale facilitated ( ) by the high-pressure process.

At the end of the 1920’ s Leuna became a production site for the mineral oil industry
when Matthias Pier developed a brown coal hydrogenation process for the manufacture of
synthetic fuels.

The year 1938 became a milestone ( ) in history. Women around the world had a

.« 12 .



reason to celebrate: in that year the synthesis of caprolactam ( ) leading to Perlon
( ) succeeded in Leuna.

The series of successes from the introduction of large-scale industrial processes knew no
end ( ). Until the Second World War this stronghold ( ) of technology evolved
into the biggest company of the German chemical industry. A fine example of one of these
successes is the world’s first production plant for the manufacturing of synthetic surfactants
( ) which was commissioned ( ) in 1942.

Even after the war Leuna remained a synonym for “chemistry” .

Today’s investors on-site ( ) are still benefiting from production initiated under
the East German flag. The excellent raw material supply network includes crude oil ( )
and natural gas ( ) from Russia and ethylene ( ) from the Czech Republic.

Since German reunification ( ) in 1990, a new chapter in the history of the chem-
ical site Leuna began. Company partnerships, established during the Grunderzeit [ 1871 ~
1895 The Founding Epoch ( )] period, once again reestablished themselves here to mu-
tual advantage ( ). Linde AG is an example of one of the many companies. In

1916, Linde already constructed the first air separation unit.

Chemistry for the New Millenium ( )
The development of the chemical site Leuna is a barometer ( ) for the overall
growth of the state of Saxony-Anhalt ( . ).

Public investment grants have played a considerable role in supporting the establishment
of new facilities by potential investors. Here, state-of-the-art ( ) infrastructure is
available at sustainable and favourable conditions with the support of policy-makers and au-
thorities. Working in the investors’ favour-environment permits approval for new plants
which are usually very short in comparison to European standards.

As a consequence of its chemical tradition, the region has an extensive potential of highly-qual-
ified experts. At present, approximately 9000 people work at the Leuna site. Tomorrow ’s specialists
are being educated at international standards at the renowned universities and colleges in Leipzig
( ), Halle ( ) and Merseburg ( ). Together with experienced, skilled employees
they ensure the innovation potential of their companies.

This is not the only aspect that guarantees the “Dynamic in chemistry” ...the neigh-

bouring city Leipzig is well-known for its cosmopolitanism ( ).
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