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PART 1 CHEMISTRY AND CHEMICAL INDUSTRY

Lesson One Elements and Compounds

Elements are pure substances that can not be decomposed into simpler substances by or-
dinary chemical changes. At present there are 109 known elements. Some common elements
that are familiar to you are carbon, oxygen, aluminum, iron, copper, nitrogen, and gold.
The elements are the building blocks of matter just as the numerals 0 through 9 are the
building blocks for numbers. To the best of our knowledge, the elements that have been
found on the earth also comprise the entire universe.

About 85% of the elements can be found in nature, usually combined with other ele-
ments in minerals and vegetable matter or in substances like water and carbon dioxide. Cop-
per, silver, gold, and about 20 other elements can be found in highly pure forms. Sixteen
elements are not found in nature; they have been produced in generally small amounts in nu-
clear explosions and nuclear research. They are man-made elements,

Pure substances composed of two or more elements are called compounds. Because they
contain two or more elements, compounds, unlike elements, are capable of being decom-
posed into simpler substances by chemical changes. The ultimate chemical decomposition of
compounds produces the elements from which they are made.

The atoms of the elements in a compound are combined in whole number ratio, not in
fractional parts of an atom. Atoms combined with one another form compounds which exist
as either molecule or ions. A molecule is a small, uncharged individual unit of a compound
formed by the union of two or more atoms, if we subdivide a drop of water into smaller and
smaller particles, we ultimately obtain a single unit of water known as a molecule of water.
This water molecule consists of two hydrogen atoms and one oxygen atom bonded together.
We cannot subdivide this unit further without destroying the molecule, breaking it up into
its elements. Thus, a water molecule is the smallest unit of the compound water.

An ion is a positive or negative electrically charged atom or group of atoms. The ions in
a compound are held together in a crystalline structure by the attractive forces of their posi-
tive and negative charges. Compounds consisting of ions do not exist as molecules, Sodium
chloride is an example of a non-molecular compound. Although this type of compound con-
sists of large numbers of positive and negative ions, its formula is usually represented by the
simplest ratio of the atoms in the compound. Thus, the ratio of ions in sodium chloride is
one sodium ion to one chlorine ion.

Compounds exist either as molecules which consist of two or more elements bonded to-

e 1 .



PART 1 CHEMISTRY AND CHEMICAL INDUSTRY

gether or in the form of positive and negative ions held together by the attractive force of
their positive and negative charges.

The compound carbon monoxide (CO) is composed of carbon and oxygen in the ratio of
one atom of carbon to one atom of oxygen. Hydrogen chloride (HCI) contains a ratio of one
atom of hydrogen to one atom of chlorine. Compounds may contain more than one atom of
the same element. Methane (“natural gas” CH,) is composed of carbon and hydrogen in a
ratio of one carbon atom to four hydrogen atoms; ordinary table sugar (sucrose, Ciz Hz;O11)
contains a ratio of 12 atoms of carbon to 22 atoms of hydrogen to 11 atoms of oxygen. These
atoms are held together in the compound by chemical bonds.

There are over three million known compounds, with no end in sight as to the number

that can and will be prepared in the future. Each compound is unique and has characteristic

physical and chemical properties. Let us consider in some detail two compounds water
and mercuric oxide. Water is a colorless, odorless, tasteless liquid that can be changed to a
solid, ice, at 0°C and to a gas, steam at 100°C. It is composed of two atoms of hydrogen
and one atom of oxygen per molecule, which represents 11.2 percent hydrogen and 88. 8
percent oxygen by mass. Water reacts chemically with sodium to produce hydrogen gas and
sodium hydroxide, with lime to produce calcium hydroxide, and with sulfur trioxide to pro-
duce sulfuric acid. No other compound has all these exact physical and chemical properties;
they are characteristic of water alone.

Mercuric oxide is a dense, orange-red powder composed of a ratio of one atom of mercu-
ry to one atom of oxygen. Its composition by mass is 92. 6 percent mercury and 7. 4 percent
oxygen, When it is heated 1o temperatures greater than 360°C, a colorless gas, oxygen,
and a silvery liquid metal, mercury, are produced. Here again are specific physical and
chemical properties belonging to mercuric oxide and to no other substance. Thus, a com-
pound may be identified and distinguished from all other compounds by its characteristic

properties.

New Words

compound [ 'kompaund] n. tb&H)

decompose [,dizkom'pouz] wr. 4+

carbon ['katben] n. B

oxygen [ 'oksidzen] n. &

aluminum [a'ljuuminam] n. &8

nitrogen [ 'naitridzen] 2. &

copper ['kopa] n. £

silver ['silva] =n. 48

gold [gould] n. %

nuclear ['njuklia] a. BB, BEEH

ion ['aisn] n. BF

positive [ 'pozativ] a. IEH, FHMEM
.« 2



Lesson One Elements and Compounds

negative ['negetiv] a. 89, FAHER
bond [bond] n. #; vt &

chlorine ['klorriin] 7. &

methane ['meBein] = B%E, BX
mercury ['mekjuri] n. R

mercuric [ mo:'kjuarik] a. KA, KEBHY
sodium ['soudjom] n. &4

calcium ['keelsiom] n. £

sulfur ['salfa] =n. B

Expressions and Technical Terms

be composed of [ +eeee- HE

be decomposed into 8% 43 iR AR,

whole number ratio ¥kt

percent by mass JREEADK

identified and distinguished 2% I F1 X I

ratio of L3R

carbon dioxide 4 {LHk

positive and negative charges IF H3 7if #11f & 7oy
ordinary table sugar i 5 ¥

Notes

(D The ultimate chemical decomposition of compounds produces the elements from which
they be made. (b EYILEFBIBRART=YWHARENHTLE.

@ No end in sight as to the number that can and will be prepared in the future . 7E3 R84
MEEHHE LAY WHEEHEREREMN. as to JfFeeeee y Ko , that- 5| i
& M BJE i number,

@ Water is a colorless, odorless, tasteless liquid that can be changed to a solid, ice, at 0°C
and to a gas, steam, at 100°C. KB XEf. XTWR. THRHPBEK, ©&F CCEMRK, 100C
BREKES.

@ Water reacts chemically with sodium to produce hydrogen gas and sodium hydroxide,
with lime to produce calcium hydroxide, and with sulfur trioxide to produce sulfuric
acid. KEMRMEREEAMFANES, SAKRNERSELS, 5=8/BKIMNER
BBk, withe, with-ERIFFIXLE.

Exercises

1. Put the following into Chinese
Magnesia (MgO) is generally derived from the mineral magnesite (magnesium carbon-
ate, MgCQO;) or from magnesium salts in seawater and some naturally occurring brines.
Magnesite deposits account for approximately 80% of total magnesia production. Two types
.« 3 .



PART 1 CHEMISTRY AND CHEMICAL INDUSTRY

of magnesia are used by industry: caustic calcined magnesia and refractory magnesia.
Caustic calcined magnesia is produced by calcining magnesite in furnaces, typically at
temperatures of 800 ~900°C. Global production is estimated at around 1. 6~1.7Mt/a, of
which China accounts for 35% ~40%. It has a variety of agricultural, environmental,
chemical and industrial applications and is also the precursor for refractory magnesias.

2. Put the following into English
WilR MR thER BERH BB |ALH

Chemical Equilibrium

Recognizing equilibrium systems
1. They can be approached from either end.

e. g. chromate ions can be changed into dichromate ions by adding acid, and dichromate
ions can be turned into chromate ions by adding hydroxide ions, which remove the hydroxo-

nium ions.

2CrO2~ +2H30" = Cr, 03~ +3H;0

2. If the temperature is changed, an equilibrium system will change, but if the original
temperature is restored, the system will go back to its original state.
Proving the dynamic nature of an equilibrium system
This is done using radioactive tracers.
1. Set up an equilibrium system and allow it to reach equilibrium.
2. By sampling and measuring, find the exact composition of the whole system.
3. Now set up an identical system by adding the exact amount you have just measured, but
with one component made of a radioactive isotope, say one of the reactants.
4. Leave the system for a time and sample them again and show that there are radioactive
products, thus proving that even at equilibrium matter is being converted either way.
Reversible reactions

Reversible reactions make products which themselves react to give back the products.
These reactions never stop because once some product is made, it can regenerate the react-
ants from which it came.

e. g. acid reacts with alcohol to make ester and water, but ester reacts with water to
make acid and alcohol.

_

To show a system, like this the equilibrium sign is used

acid + alcohol == ester + water

Look at the way concentration and rate change with time here.
After time ¢, products are being made at exactly the same rate as they are reacting to
make reactants. Because the two opposite rates are exactly equal, there is no external

o 4 .



Lesson One Elements and Compounds

change and the system is said to be in dynamic equilibrium.
The equilibrium law

The equilibrium law states that for any systems in equilibrium, - there is a numerical re-
lationship between the concentrations of the products, raised to the power of their stoichio-
metric numbers, and the concentrations of the reactants, raised to the powers of their stoi-
chiometric numbers, This relationship is called the equilibrium constant, K. (when trying
to explain this in an answer you must give an example like this).
e. g. for the system Nz +3H; == Z2NH;
The equilibrium law states that:

_ [NH;3J?
Ke=m,TH, T

Square brackets, [ ], mean concentration of whatever is inside them.
The equilibrium constant, K., for homogeneous liquid systems
Many equilibrium systems are made up of ions in solution, They are all in the same liquid
phase. Here K, is written in terms of concentration. For example:
Fet (aq) + SCN~ (aq) == FeSCN?~ (aq)

K —_[FeSCN*~]
¢~ [Fe* J[SCN— ]

Cu?* (aq)+4Cl~ (aq) CuClZ~ (aq@)
K = [CuClZ ]
© [Cutt+]JL[Cl— ¢

The equilibrium constant for heterogeneous systems

Many systems contain more than one phase and so are heterogeneous. If one of the
phase is a pure solid or liquid, then although the amount of the solid or liquid may change,
its concentration will not. In these cases it is usual to write an equilibrium law expression
that does not contain the pure solid or liquid phase’s concentration (which is actually includ-
ed in the modified equilibrium constant). These example show this point:

CaCOj; (s)== CaO(s)+CO: (g
K. =[CO:] and K, = pc,
Fe; O3 (s) +3CO(g)== 2Fe(s)+3CO0O:(g)
3
—L22e L and K, =22

The equilibrium constant, K,, for homogeneous gaseous systems

K.

For gases it is usually more convenient to measure the pressure of the gas than its con-
centration. In a mixture of gases the gas is causing only part of the pressure, so the idea of
partial pressure is used. ‘

The partial pressure of a gas in a mixture is the pressure that the gas would exert, if it alone oc-
cupied the space containing the mixture.

The partial caused by a gas is proportional to the number of particle of the gas, so we

can write:



PART 1 CHEMISTRY AND CHEMICAL INDUSTRY

partial pressure of the gas, p; number of particles of the gas, n,
total pressure of the gas mixture, pt total number of particles in the mixture, nr

which can be rearranged to give pg=ny,/nt X pr
ng/nt is the mole fraction of the gas.

So the partial pressure of a gas equals the mole fraction of that gas multiplied by the to-
tal pressure.

Using partial pressures, a form of the equilibrium law can be written in terms of a dif-

ferent equilibrium constant K,. For example.

N2 +3H; ==2NH;3 2802 + 0, ==250;
K,= PIZ\IH:; . pgo:a
P T 3 P2 o
P, P, Pso; Po,

The equilibrium constant
The size of the equilibrium constant

The value of size of K, tell us whether there are more reactants or products in the sys-
tems at equilibrium. So

If K. is >>10%, there will be far more products than reactants

If K. is <C10~2, there will be far more reactants than products

If K. is between 1072 and 10?, both reactants and products will be in the system in no-
ticeable amounts.
The equilibrium position

The position of an equilibrium system is a term used to describe qualitatively what the
equilibrium constant does quantitatively. It gives an indication of whether the reactants or
products are more plentiful in the system. Remember, reactants are written on the left,
products on the right in an equation, so

If the position lied to the left then the reactants dominate:

CH;COOH(D +H; O()== CH3;COO~ (aq) + H30% (aq) K.=1Xx10"?
If the position lied to the right the reactants dominate;
HCl(g) +H;O(l)== H30%" (a@) +Cl~ (aq) K.=5.55x108

The units of the equilibrium constant

Equilibrium constants for different systems can have different units. Just remembers
that the units of concentration are mol dL~! and that the units on each side of the equation

must balance, so

[NH;]?
For the system: N;+4+3H; 2NH; KC:[NZ:][:;{ZJB
. . _mole L 1 XmoleL"!
So the units of K. will be—mol LT omol s 1
New Words

equilibrium [iitkwi'libriam] n. ¥4
dynamic [dai'nemik] a. ZhHE, FHEH
L] 6 L]
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converted [kon'vortid] a. BUEK
regenerate [ri'dzenarit] a. BAEN; n. BHE; v BA

ester ['esta] n. BR

Expressions and Technical Terms

chemical equilibrium {L2 4

chromate ions and dichromate ions EMBEE FMEHEBBEF
radioactive isotope IRz &

reversible reaction W] #i ) i}

homogeneous gaseous system XHSERS

dynamic equilibrium &4

stoichiometric number fb2£i B

equilibrium constant 45 # #



PART 1 CHEMISTRY AND CHEMICAL INDUSTRY

Lesson Two The Anatomy of a Chemical
Manufacturing Process

The basic components of a typical chemical process are shown in Fig. 1, in which each
block represents a stage in the overall process for producing a product from the raw materi-
als. Fig. 1 represents a generalized process; not all the stages will be needed for any particu-
lar process, and the complexity of each stage will depend on the nature of the process.
Chemical engineering design is concerned with the selection and arrangement of the stages,

and the selection, specification and design of the equipment required to perform the stage

functions.
Recycle of unreacted material By-products————
L Wastes
Feed . Product Product
. Reaction|— . P
preparation separation purification
Stage 2 Stage 3 Stage 4 Stage 5
Product
[t [P
storage
Stage 6

Fig.1 Anatomy of a chemical process

Stage 1. Raw material storage

Unless the raw materials (also called essential materials, or feedstocks) are supplied as
intermediate products (intermediates) from a neighboring plant, some provision will have to
be made to hold several days, or weeks storage to smooth out fluctuations and interruptions
in supply. Even when the materials come from an adjacent plant, some provision is usually
made to hold a few hours, or even a few days, supply to decouple the processes. The
storage required will depend on the nature of the raw materials, the method of delivery, and
what assurance can be placed on the continuity of supply. If materials are delivered by ship
(tanker or bulk carrier), several weeks stocks may be necessary; whereas if they are re-
ceived by road or rail, in smaller lots, less storage will be needed.
Stage 2. Feed preparation

Some purification, and preparation, of file raw materials will usually be necessary be-
fore they are sufficiently pure, or in the right form, to be fed to the reaction stage. For ex-
ample, acetylene generated by the carbide process contains arsenical and sulphur com-
pounds, and other impurities, which must be removed by scrubbing with concentrated sul-
phuric acid (or other processes) before it is sufficiently pure for reaction with hydrochloric
acid to produce dichloroethane. Liquid feeds will need to be vaporized before being fed to

.« 8



