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1 The Physical Properties of Substances

The study of the properties of substances constitutes an important part of chem-
istry, because their properties determine the uses to which they can be put.

The properties of substances are their characteristic qualities.

The physical properties are those properties of a substance that can be observed
without changing the substance into other substances.

Let us again use sodium chloride, common salt, as an example of a substance.
We have all seen this substance in what appear to be different forms—table salt, in
fine grains; salt in the form of crystals a quarter of an inch or more across. Despite
their obvious difference, all of these samples of salt have the same fundamental prop-
erties, In each case the crystals, small or large, are naturally bounded by square or
rectangular crystal faces of different sizes, but with each face always at right angles
to each adjacent face. The cleavage of the different crystals of salt is the same: when
crushed, the crystals always break (cleave) along planes parallel to the original
faces, producing smaller crystals similar to the larger ones. The different samples,
dissolved in water, have the same salty taste. Their solubility is the same: at room
temperature 36 g of salt can be dissolved in 100 g of water. The density of the salt is
the same, 2.16g * cm™3, The density of a substance is the mass (weight) of a unit
volume (1 cubic centimeter) of the substance.

There are other properties besides density and solubility that can be measured
precisely and expressed in numbers. Such another property is the melting point, the
temperature at which a solid substance melts to form a liquid. On the other hand,
there are also interesting physical properties of a substance that are not so simple in
nature. One such property is the malleability of a substance—the ease with which a
substance can be hammered out into thin sheets. A related property is the ductility—
the ease with which the substance can be drawn into a wire. Hardness is a similar
property: we say that one substance is less hard than the second substance when it is
scratched by the second substance. The color of a substance is an important physical
property.

It is customary to say that under the same external conditions all specimens of a
particular substance have the same physical properties (density, hardness, color,
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melting point, crystalline form, etc). Sometimes, however, the word substance is

used in referring to a material without regard to its state. For example, ice, liquid

water, and water vapor may be referred to as the same substance. Moreover, a

specimen containing crystals of rock salt and crystals of table salt may be called a mix-

ture, even though the specimen may consist entirely of one substance, sodium chlo-

ride. This lack of definiteness in usage seems to cause no confusion in practice.

Vocabulary

property ['propoti] n. HEA; 4K

cleave [kliiv] vt. BH; #EHF

constitute [ 'konstitjuit | wt.
4 PR,

plane [ plein] n. &

characteristic [ 'kerikto'ristik] a. 4 A
85 n. Hd

parallel ['pacrolel] a. 4749

original [o'ridzenl] a. & k&

quality ['kwoliti] n. K %; &/&

dissolve [di'zolv] wvt. & f#

observe [ob'zaiv] wz. WME

taste [teist] wt. £vwkif; n #Hwk

sodium ['seudjom] n. 4A

solubility [solju'biliti] n. &EBE

chloride ['klorraid] n. R4

sodium chloride & 4L44

density ['densiti] n. %

volume ['voljum] n. 4&#%

salt [solt] n. 3

cubic ['kjubik] a. & F (4k) &

appear [o'pia] wr. HI; FH Rk GFE)

precisely [pri'saisli] a. ## 3

fine [fain] a. &y

melt [melt] v, & vi,

grain [grein] n. $k&

melting point ¥ %

crystal ['kristl] n. % 8&; &4k

malleability [meelio'biliti] n. T4k H;
itk

diameter [dai'emits | n. H42

freeze [ friiz] (froze [ freuz], frozen
[Hrouzn]) v. #ik; n. £ F

sheet [fiit] n. # 4
2

R

B, 1

related [ ri'leitid ] a.

ductility [dak'tiliti] ». 2&Eb; 2 &

across [o'kros]| ad. #i¥; &

draw [ dro:] (drew .[ dru:], drawn
[dromn]) w»t. 3%

despite [dis'pait] prep. K% ; A%

wire [waio| n. &%

obvious ['obvies] a. B 249

scratch [skret(] ve. 4&; 3k; n €

sample ['sempl] n. #H5; 4

customary ['kastomeri] a. #BH&; 1§
w

fundamental [fands'mentl] a. #% K #§

BB R W; M

bound [baund] wt. 4fR4&; n. [ AA
] FrR

external [ eks'tonl] a. #P ¥ #; 4
Rt

square [skwea] n. EF H

specimen ['spesimin] n. #d&&; &FF

rectangular [rek'tengjule] a. 4% &

particular [po'tikjula] a. 43|48

size [saiz] n. X3 R+

crystalline ['kristolain] a. #4549

angle [eengl] n. fA; AAE

right angle #H.f

vapor ['veipa] n. (%) &

moreover [mo:'rouve] ad. HE; I

adjacent [o'd3eisont | a. B L&

contain [ken'tein] wvt. 44 ; &

cleavage [ 'klivvid3z ] n. 4 &; 4 #&.
A

entirely [in'taioli] ad. Z 4 #

crush [kraf] vt. EH; EA



definiteness [ 'definitnis] n. 20 # substance ['sabstons] n. # &

usage ['juzidz] n. M mixture ['mikstfo] n. B4
Phrases
(to) put to use & A a quarter of w4 —
parallel to  JLeerees P AT without regard to RFE & ; KRB EF
(to)change...into... 3@ seseee BT R e in each case A& —FFE AT
similar to B eeeees FaDL even though Ep4f&
in the form of ¥leceee- X be bounded by A& ee--e- F ] 5 J5 eeeene #8
on the other hand % —F & AR B
Exercises
1. Put the following into English,

a. SERESR _ e. B

b. IR f. A

c. BE g. A

d. f#E

2. Translate the following into Chinese.

There are other properties besides density and solubility that can be measured
precisely and expressed in numbers. Such another property is the melting point, the
temperature at which a solid substance melts to form a liquid. On the other hand,
there are also interesting physical properties of a substance that are not so simple in
nature. One such property is the malleability of a substance—the ease with which a
substance can be hammered out into thin sheets. A related property is the ductility—
the case with which the substance can be drawn into a wire. Hardness is a similar
property: we say that one substance is less hard than the second substance when it is
scratched by the second substance. The color of a substance is an important physical

property.

2  The Chemical Properties of Substances

2.1 The Chemical Properties of Substances

The chemical properties of a substance are those properties that relate to its par-
ticipation in chemical reactions.

Chemical reactions are the processes that convert substances into other sub-
stances.

Thus sodium chloride has the property of changing into a soft metal, sodium,
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and a greenish-yellow gas, chlorine, when it is decomposed by passage of an electric
current through it. It also has the property, when it is dissolved in water, of produ-
cing a white precipitate when a solution of silver nitrate is added to it, and it has
many other chemical properties.

Iron has the property of combining readily with the oxygen in moist air to form
iron rust; whereas an alloy of iron with chromium and nickel (stainless steel) is
found to resist this process of rusting. It is evident from this example that the chemi-
cal properties of materials are important in engineering.

Many chemical reactions take place in the kitchen. When biscuits are made with
use of sour milk and baking soda there is a chemical reaction between the baking soda
and a substance in the sour milk, lactic acid, to produce the gas carbon dioxide,
which leavens the dough by forming small bubbles in it. And, of course, a great
many chemical reactions take place in the human body. Foods that we eat are digested
in the stomach and intestines. Oxygen in the inhaled air combines with a substance,
hemoglobin, in the red cells of the blood, and then is released in the tissues, where
it takes part in many different reactions. Many biochemists and physiologists are en-
gaged in the study of the chemical reactions that take place in the human body.

Most substances have the power to enter into many chemical reactions. The
study of these reactions constitutes a large part of the study of chemistry. Chemistry
may be defined as the science of substances-their structure, their properties, and the
reactions that change them into other substances.

2.2 Chemical Changes and Physical Changes

Different kinds of matter have different physical and chemical properties. The
properties of a substance are its characteristics. We know one substance from another
by their physical and chemical properties. In a physical change the composition of a
substance is not changed. Ice can be changed into water. This is a physical change
because the composition of water is not changed. In a chemical change the composi-
tion of a substance is changed. One or more new substances are formed.

Iron rusts in moist air. When iron rusts, it unites with the oxygen from the air.
A new substance is formed. It is iron oxide. It has other different properties. Wood
will burn if it is heated in air. When wood burns, it reacts with the oxygen from the
air. New substances are formed. They are carbon dioxide and water. Carbon dioxide
and water have different properties. Heat is given off if the combustion of any fuel
takes place.

The above two cases are chemical changes.

Chemical changes are very common. They are going on around us all the time.
Whenever anything burns, there is a chemical change. When iron rusts, the change
is a chemical change. A chemical change goes on when things decay.

Physical changes are very common, too. Tearing a piece of paper in two is a
physical change. The paper is still paper.

We all know that this is not a chemical change. But we do not always know with

4



ease whether a change is a chemical change or a physical change.

If you dissolve sugar in water, the sugar disappears. You may think that a new
material has been formed. But really there is no new material. The sugar is still sug-
ar. You can still taste it. Dissolving anything is a physical change.

When water freezes, the change is a physical change. The water changes from a
liquid to a solid. Its chemical formula is still HzO. The freezing of any liquid is a
physical change.

In a word, any change in state is a physical change. When anything melts, it
changes from a solid to a liquid. When it evaporates, it changes from a solid or a lig-
uid to a gas. When it condenses, it changes from a gas to a liquid or a solid. But it is
the same material still.

Now we see that a chemical change is different from a physical change in that the
chemical change causes a change of matter in chemical composition, but the physical

change does not.

Vocabulary

participation [pa:tisi'peifon] n. %X

silver [ 'silva] n. 4%; a. 4% (&)
&

reaction [ri'ekfon ] n. BB

nitrate [ 'naitreit] n. A% 3

silver nitrate BHBR4R

process [ 'prouses] n. it#%

convert [kon'ver t] wve. #:3e; 34k

add [eed] w. GR) tm

greenish-yellow ['grimif'jelou] a. %%
&

iron ['alen] n. %

chlorine ['klorriin] n. & (&)

combine [ kom'bain ] wt. &nwi.
e

C4£)

decompose [ ditkom'pouz ] wvi. 4 #&;
o

readily ['redili] ad. & &3

passage [ 'paesid3z] n. @it

oxygen [ 'oksidzen] n. £,

current ['karent] n. Wik

moist [moist] a. B

precipitate [pri'sipiteit] wvt. &vi. (4%)
Wi n. WEW '

rust [rast] n. % (45)

alloy ['eeloi] n. 44

solution [so'ljufon] n. &k

chromium ['kroumism] n. 4

nickel ['nikl] n. 4%

release [ri:'liis] vt #

stainless ['steinlis] a. R45#)

tissue ['tisju] n. AR

resist [ri'zist] ve. F#&It; [aS

biochemist [ baiou'kemist] .
FR

evident ['evidont] a. B R #

engineering [ end3zi'niorin | 7.
(%)

physiologist [fizi'olodzist] n. £ %

biscuit {'biskit] n. 4#-F

engage [in'geid3] vz. [in] A E

sour ['saus] a. B4

define [di'fain] vt. #Z; FTE L

bake [beik] vt. #; ¥

boil [boil] wt. # ¥k

soda ['seude] n. #4T; BEK

burn [bamn] vt. ¥R

lactic [leektik] a. #Li+#

lactic acid $L#%

syrup ['sirop] n. %

formation [for'meifon] n. &

leaven ['leven] wvr. 4% % 8%

&

I #



carbon ['katben] n. #
inhale [in'heil] vz. &

manufacture [ maenju'fektfo] n. 4|i&

dough [dou] n. £ @H

evaporation [ivepa'reifon] n. A& dioxide [dai'oksaid ] n. =&t 4
bubble ['babl] n. & & hemoglobin [ hiimeu'gloubin] n. Az 4
human ['hjuimen] a. A% ¥ a8
unit [ju'nait] v. &4; &4 AL carbon dioxide = & 4t 2%
digest [di'dzest] vz, #H4k cell [sell] n. @it
oxide ['oksaid] n. &AL combustion [kem'bastfon] n. MK
stomach ['stamek] n. § blood [blad] n. fi&
iron oxide &4iL4k; =R AL —4k formula [Yfomjulo] n. AX; 5F X
intestine [in'stestin] n. (¥ B L) M
Phrases
(to) convert..into.. F@eee-e- Ak R, (to) take place X 4%
unit... with.. 4o [ coeves 144 tear..in two g eeceee i H (k)
unit with... 5 eeeees e (REH. B be engaged in EfE; ETF
) inaword BmEZ; BX
(to) add to g Au; FeA (to) enter into #HA
(to) combine with I+ A (KRB (to) define.. as  J& «oveee BB A,
) Bveerrs TR LA e
react with... Eeeeoe. AR R a large part of K498
Exercises
1. Put the following into English.
a. fbEMEHE e. HER
b. fb2E M . FHBRAR
c. Bhpe g. “EAm
d. 4 FR h, &bk

2, Which of the following processes would you class as chemical reactions?
a. The boiling of water.
b. The burning of paper.
c. The preparation of sugar syrup by adding sugar to hot water.
d. The formation of rust on iron.
e. The manufacture of salt by evaporation of sea water.
3. Translate the following into Chinese.

Thus sodium chloride has the property of changing into a soft metal, sodium,
and a greenish-yellow gas, chlorine, when it is decomposed by passage of an electric
current through it. It also has the property, when it is dissolved in water, of produ-
cing a white precipitate when a solution of silver nitrate is added to it, and it has
many other chemical properties. '



3 Oxidation Numbers of Atoms

The nomenclature of inorganic chemistry is based upon the assignment of num-
bers (positive or negative) to the atoms of the elements. These numbers, called ox-
idation numbers, are defined in the following way.

The oxidation number of an atom is a number that represents the electric charge
that the atom would have if the electrons in a compound were assigned to the atoms in
a certain conventional way.

The assignment of electrons is somewhat arbitrary, but the conventional proce-
dure, described below, is useful because it permits a simple statement to be made
about the valences of the elements in a compound without considering its electronic
structure in detail and because it can be made the basis of a simple method of balan-
cing equations for oxidation-reduction reactions.

An oxidation number may be assigned to each atom in a substance by the applica-
tion of simple rules. These rules, though simple, are not completely unambiguous.
Although their application is usually a straight-forward procedure, it sometimes re-
quires considerable chemical insight and knowledge of molecular structure. The rules
are given in the following statements.

(1) The oxidation number of a monatomic ion in an ionic substance is equal to its
electric charge.

(2) The oxidation number of a atom in an elementary substance is zero.

(3) In a covalent compound of known structure the oxidation number of each at-
om is the charge remaining on the atom when each shared electron pair is assigned
completely to the more electronegative of the two atoms sharing it. An electron pair
shared by two atoms of the same element is usually split between them.

(4) The oxidation number of an element in a compound of uncertain structure
may be calculated from a reasonable assignment of oxidation numbers to, the other ele-
ments in the compound.

The application of the first three rules is illustrated by the following examples;
the number by the symbol of each atom is the oxidation number of that atom:

NatiCl™!? Mg*2(Cl™ 1), (B13)2(072),

H$ 09 C°(diamond or graphite)
H™*! (hydrogen cation) (O™2H™!)~ (hydroxide ion)
N3 (H*1); CIt1F~1! CT4(072),

c+zO—2 C+(H*tY), K+!Mn+7(0~2),

Fluorine, the most electronegative element, has the oxidation number —1 in all
of its compounds with other elements.
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Oxygen is second only to fluorine in electronegativity, and in its compounds it
usually has oxidation number — 2; examples are Cat? 072, (Fe™3); (0O72%);,
C*t4 (072);. Oxygen fluoride, OFz, is an exception; in this compound, in which
oxygen is combined with the only element that is more electronegative than it is, oxy-
gen has the oxidation number + 2. Oxygen has oxidation number —1 in hydrogen
peroxide, H20:, and other peroxides.

Hydrogen when bonded to a nonmetal has oxidation number + 1, as in
(HT),072, (H™),;S72, N7% (H™1)3, (P7%); (H*!)4. In compounds with
metals, such as Li*!' H™! and Ca™? (H™!);, its oxidation number is —1, corre-
sponding to the electronic structure H ¢ ~! for a negative hydrogen ion with completed
K shell C(helium structure).

Vocabulary :

oxidation [oksi'deifon] n. #4k somewhat ['samwot| ad. # %; ##k
oxidation number £ AL{E arbitrary [ 'a: bitrori] a. £ & &; &
considerable [kon'sidorabl] a. 48 % #%; B &4

RV ey split [split] vt. 1 #; 453
nomenclature [ nou'menklotfo] n. 4 procedure [pro'siidzo] n. #2454

&k reasonable ['ri:zznobl] a. 43¢
insight ['insait] n. J4%; LA describe [dis'kraib] vz, #i&; 40k
monatomic [ mona'tomik] a. % /& -F#) illustrate ['ilostreit] wt. BA
inorganic [ino: 'gaenic] a. R A& permit [po'mit] wt. A4
ionic [ai'onik] a. & F ¢ symbol ['simboal] n. &% ; %%
assignment [ o'sainment ] n. % &; valence ['veilons] n. # (4= & F #-,

o e e, M)
elementary [ eli'mentori] a. #% K #; fluorine ['flu()orin] n. &

8 ’ "peroxide [ pa' roksaid] n. it &Y
represent [riipri'zent] vt. HLEA; K& detail ['disteil] =. ¥, my
compound ['kompaund] n. &% bond [bond] n. 4&, v, EH; &5
covalent [kou'veilont] a. 444 application [aepli'keifon] n. & A
assign [o'sain] wvt. % E; 4 & nonmetal ['non'metl] n. 45
share [fea] vt. %A ; 32 unambiguous ['anzem'bigjuss] a. F #
conventional [ken'venfonl] a. # #49; % A

R4 & shell [Jel] n. &; E
electron pair [i'lektron'pes] W F 3¢ straightforward [ streit'forwoad] a. & #
electronegative [ i'lektrou'negotiv | a. THM; MEN; 2HW

LA e
Phrases
(be) based (up)on ¥A«es-e- H A corresponding to A& G e — 5

in detail #4833
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Exercises
1. Write the oxidation number of each atom in the following compounds,

a. KCl f. Naz O,

b. CaClz g. Kz Crz 07
c. AlLO; h. CaF;

d Nz 1 F63 04

e. Fe j. LiAlH,

2. Translate the following into Chinese.

Oxygen is second only to fluorine in electronegativity, and in its compounds it
usually has oxidation number — 2; examples are Ca™ O~ %2, (Fet®), (O72)3,
CT4(0O™%);. Oxygen fluoride, OF;, is an exception; in this compound, in which
oxygeén is combined with the only element that is more electronegative than it is, oxy-
gen has the oxidation number +2. Oxygen has oxidation number —1 in hydrogen
peroxide, H;O;, and other peroxides.

4 Chemical Calcu’lations

Importance to industry of chemical calculation. To the industrial chemist the
chemical equation is of the greatest importance. By means of it he calculates just how
much material he needs for a given reaction and how large an amount of product he
may hope to get. In actual practice, however, he very seldom gets the full amount
of the product as calculated from the equation. Therefore he computes the efficiency
of his industrial process, i. e. what fraction the actual yield is of the theoretical
yield as computed from the chemical equation. These computations are all based on
the chemical equations of the reactions and require only the simplest arithmetical
work. They can be classified into several typical cases.

Type 1. molecular weight of a compound from its formula. A formula repre-
sents not only the name of the compound but also the weight of a molecule referred to
the oxygen atom as 16. To compute the molecular weight of a compound from its for-
mula, we have only to add the weights of all the atoms in the molecule. But since the
atomic weights are only relative weights, the molecular weight must be relative also.

For example, the molecular weight of calcium carbonate (CaCQs) is 40+ 12+
(16 X3), or 100. Again, the molecular weight of copper sulfate (CuSQ,) is 63. 6+
32+ (16X4), or 159. 6.

Another example., Find the molecular weight of gypsum (CaSQ; « 2H,Q).
Now gypsum is crystallized into calcium sulfate, and each molecule of calcium sulfate
carries along two molecules of water. This so-called water of hydration or of crystal-
lization is chemically united with the calcium sulfate, as is indicated by the dot in the
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formula, which means in this place plus. The molecular weight then of CaSO, -
2H;0 1s 40+32+(16X4)+2(2+16), or 172,

Perhaps a better term for molecular weight is formula weight because it more ac-
curately describes what it actually is.

Type 2. Percentage composition of a compound from its formula. If the chemist
knows the formula of a compound and has a table of atomic weights, he can easily
work out the percentage of each element present in the compound.

For example, he wishes to find the percentage composition of calcium carbonate
(CaCO3). The atomic weight of calcium is 40, of carbon is 12, and of oxygen is 16;
40+12+ (16 X 3) make the formula weight 100. Therefore calcium carbonate con-
tains 40/100, or 40 percent calcium, 12/100, or 12 percent carbon, and 48/100, or
48 percent oxygen. This problem is especially easy because the formula weight is
equal to 100,

Another example. Find the percentage composition of potassium chlorate
(KClO;). The atomic weight of potassium is 39, of chlorine 35.5, and of oxygen
16, then the formula weight is 39-4-35. 5-+(16X3), or 122.5. Therefore potassium
chlorate contains

39 _ 0 .
122.5 318, or 31.8% potassium,
1325é.55=0‘ 290, or 29.0% chlorine, and
_34_8_=0 392 39. 2%

122.5 » or 39. 27 oxygen

Check. Total is 100.0%.

Still another example. How much metallic copper can be got from a ton (2000
1bs.) of crystallized copper sulfate? Given the formula of copper sulfate crystals as
CuSO4 ¢ 5H;0. The formula weight of this compound is 63.6 4+ 32+ (16 X 4) +
5(2+16), or 249. 6.

The percentage of copper is 63.6/249.6 = 0. 255, or 25.5 percent, and the
weight of copper in a ton of copper sulfate crystals is 0. 255X 2000, or 510 1bs.

In general, tp find the percentage composition of a compound from its formula,
first calculate the formula weight, then divide the atomic weight of each element by
this formula weight, and express the quotient as a decimal. Keep three significant
figures. The first two decimals express the percentage.

Type 3. Problems involving weight only. For example, what weight of iron
will be just enough to unite with 10 grams of sulfur to form iron sulfide (FeS)?

To avoid mistakes it is well to arrange the work very clearly and to do it methodi-
cally.

We first write the equation:

Fe+S——>FeS
10



Then we write under each symbol and formula the weight it represents:

Fe+S——>FeS
56 32 88

This means that 56 parts by weight of iron combine with 32 parts by weight of
sulfur to give 88 parts by weight of iron sulfide. We have here quantitative meaning
of the equation.

Next, we again read the problem and place above the symbol for sulfur the actual
weight given, which is 10g, and above the formula for iron X g, which is the weight
we wish to find:

Xg 1log
Fe+ S—>FeS
56 32 88

Finally we state the equation between the ratios of the actual to the formula
weights thus:
X_1o
56 32
_56X10
32
Now we shall check up the reasonableness of our answer by roughly estimating
what it ought to be. In this case we know that 56 parts of iron will unite with 32

Hence X , or 17.5 grams of iron

parts of sulfur. Therefore we shall need about seven-fourths as much iron as the sul-
fur with which we started. Hence our answer 17. 5 is reasonable. In this way we may
quickly detect such a mistake as the misplacing of a decimal point or the inverting of a
fraction,

Another example. Suppose we want to calculate what weight of iron sulfide
(FeS) can be made from 10 grams of sulfur, assuming that the necessary iron
is available.

10g Xg
Fe+S——FeS
32 88

_88X10

X 32

=27.5 grams of iron sulfide

Check., Wt. of iron(17.5)+ wt. of sulfur (10g)=wt. of iron sulfide (27.5g)
Another method of attack. We know that 32 grams of sulfur yield 88 grams of

iron sulfide (FeS) when properly combined with sufficient iron. Then 1 gram of sul-

fur would yield 1/32 of 88 grams of iron sulfide and 10 grams of sulfur would yield 10

88 X10
32

The arithmetical computation amounts to the same as that given above, but the
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times 1/32 of 88 grams i. e., , or 27.5 grams.



