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1. THE CHEMICAL PROPERTIES OF SUBSTANCES

The chemical properties of a: substance are those properties
that relate to its participation in chemical reactions.

Chemical reactions are the processes that convert substances
into other substances. , :

“Thus sodium chloride has the property of changing into
a soft metal, sodium, ard 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 pro-
ducing a white precipitate when a solution of silver nitrate is
added to it; ard it has many other chemical properties.

Iron has the property of combining readily with the oxyger
in moist air to form irorn rust; whereas an alloy of iron with
chromium and rickel (stairless steel) is found to resist this
process of rusting. It is evident from this example that the
chemical 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 substarce
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
humar. body. Foods that we eat are digested in the stomach
and intestines. Oxygen ir. the inhaled air combines with a subs-
tance, hemoglobin, in the red cells of the blood, and then is
released in the tissues, where it takes part in many d:ﬁ:‘erent
reactions. Marny biochemists and physmloglsts are ‘engaged in
the study of the chemical reactions that take place in tﬁe humar.
body. S ‘

- Most substances have the power to enter into- many _chemiéal:-;'_:

reactions. The study of these reactions constitutes a large
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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.

Example. 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 iromn.

(e) The manufacture of salt by evaporation of sea water.
Solittion. The burning of paper and the formation of rust
on iron are chemical reactions. The boiling of water, the prepara-
tion of sugar syrup, and the manufacture of salt by evaporation

of sea water are changes of state that are not classes as chemical
reactions.

JCI

participation Zpa,,tisi'peifau] n. passage ['psid3 n. i
55 current [ ‘kargnt! n. HE
reaction {ri'sek/snj n. MM precipitate [pri‘sipiteit] v, &
provess [’prauses. n. jif voi.o CfE)GE no fprifsipitiy]
convert (ken'vs.t] v.t. i, #i EYD
greenish-yel low "grinif-jelau] sotution 7s3 lu, f3u) n. i
a. HFEE) silver [’silvel n. %8 a. (S5 )88
chiorine {"kis;ri,n] n. () nitrate ["aaitreit n. @4E&E
decompose: [ii,kam’ pauz] v.t, silver ~ WEHKR
vl o o tnman i'hju,asn] a. A KRy
add d} v, t. GFomm digest [di’dzest] v i, ik
iron ["aign] n. & , stomach {’stimak) n. &
combine [k3m’bain] v.t. & v. i, intestine [in’testin n. ‘% HE
(F%s inhate [intheill v t W% &
readily ["rediti] ad, A5k hemoglobin (hi.maw gisubin] n.
oxygen [’sksidygn) n. & . aEG



moist [msist] a. i cell [sel] n. g

rust {rast] n. (%45 blood [biad] n. pimj%
alloy ["21-i] n. 4% release [ri’li,s] v.t. g
chromium [’krjumism] n. % tissue [’tisju,] n. @A
nickel [/nikl] n. 8§ biochemist [’baiau’kemist] n. %%
stainless [’steinlis] a. F4EM LEF
resist [ri’zist] v.t. J&H, EHEZ physiologist [fizi’sladsist] n. 4@
evident [“evidant] a. BB/ 25K
engineering Elend3i’niarirj] n. engage [in’geids] v.t. [in] NS

TEE define [di’fain] v.t. HlZE:, TEX
biscuit [*biskit] a. 9HF boil [boil] wv.t. ﬁ,ﬁ
sour [’saud) a. ¥H{H burn [ba.n] v.t. MRis
bake [beik] v.t. M, & syrup {’sirsp] n.
soda ["seudain. 4T formation {f>,’meifan] n. BH
tactic [*l=ektik] a. M@ manufacture [ m®nju’ f2kt(s] n.

~ acid A& W iE

leaven [’levn] v.t. {§#RE evaporation [ixvaqpa’reijan] n. B
dough [dau} n. £@H bubble [“babl] n. K@

Reading Comprehension:
Choose the best answer for each of the following:

1. When sodium chloride is decomposed by passage of an eleciric

current through it, it becomes .
a. a soft metal b. a greenish-yellow gas
c. sodium and chlorine d. none of them

2. Why does the dough leaven when biscuits are made with use
of sour milk and baking soda?
a. Baking soda and lactic acid together product the gas car-
bon dioxide, so tha:t small bubbles in it are formed.

b. The sour milk is added into it.



3.

c. The function of oxygen and red cells.
d. The sodium chloride ir. the sour milk.

Do the scientists know the chemical reactions in the buman body?

They know .
a. all of them b. some of them
c. nothing d. there is no change in the body

According o the article from which example can we see thact

the chemical properties of substances are important?

a. When sodium chloride is dissolved in water, of producing a
white precipitate when a solution of silver nitrate is added
to it.

b. Foods tha: we eat are digested in the stomach and intestines.

c. The burning of paper.

d. an alloy of iron with chromium and nickel is found ‘o resis:

this process of rusting.



2. ATOMS CONSIST OF PROTONS,
NEUTRONS, AND ELECTRONS

Atoms are the smallest units of matter that, when brought
together in large numbers, constitute the chemical elements.
But atoms are by no means the smallest units of matter. Every
atom contains a tiny, central body called the nucleus, which
has a positive electric charge and about 99.9% of the mass
of the atom. The nucleus contains particles called protons, each
of which has one positive charge (in units called the electzon
charge, which can be positive or negative) and a mass of 1.6726x
10724 gram (g). The nucleus also contains neutrons, which
have no charge (they are elecirically neutral) and a mass of
l.6749x10_24g. Note that the mass of a proton and the mass
of a neutron are nearly identical (they differ by two parts
in one thousand). The total number of protons in the nucleus,
Z, plus the total number of neutroms, N, is called the mass
number, A. Thus,

A=Z+N

The mass of any nucleus is approximately A (l.67x10—24g).
For this reason the helium nucleus, which cortains two protons
and two neutrons, has a mass about four times greater than
that of a hydrogen nucleus, which is a single protoh. The charge
on. the nucleus is equal to the number of protons, Z, which
is also called the atomic number (do not corfuse with mass
number!). Thus, the hydrogern nucleus (Z=1; A=1) has a charge
of +1 electron charge unit, and the helium nucleus (Z=2; A=4)
has a charge of +2 electron charge units.

The actual volume of an atom is defined---roughly---by
a diffuse distribution of very rapidly moving electrons, centered
arourd the nucleus. An electror. has one negative electron charge

and a mass of 9.1096x10_289, or about 1/1836 the mass of a
-5 -



proton or neutron. Electrons therefore contribute very little “o
the mass of the atom.

An atomic nucleus is extremely small compared to the rzdius
13 46 10712 em 107
to 1074 A). Since an atomic diameter is about 1078 cm (1 ;\ *his
means that the nucleus, with a.most all the mass of the ator,
occupies only about one part in lO14 (on the average) of its volume.

of the atom. A nuclear diameter is about 10

If we could magnify a typical atomic ruucleus to the size of a
ping-porg ball, the diameter of the atom would be about 2 riles.
Thus, even "solid" matter as we know it consists almost entrely
of empty space! If we could eliminate this space by compre:.sing
atomic nuclei into a wuly compact mass, a human being would be
reduced to a microscopic speck. A lump of such nuclear mater
the size of our ping-pong ball would weigh about 4 billion ‘orns!
As incredible as it may seem, nuclear matter does exist-—--ii. reutromn
stars, whose previously hypothetical existence was confirmed in
1968.

There are Z electrons in ar. atom, which means that an atom
is electrically neutral (has no ret charge). The number of iegative
charges (electrons) in the cloud around the nuclieus equals the
number of positive charges (protoiis) in the nucleus. If an eleciri-
cal imbalance is created in the atom by the removal or addidiorn
of ore or more electrons, the result is an ion. Thus, an ion is
an electrically charged atom (or molecule). It can be either vosi-
tive or negative, depending or. whether its electron cloud cornzairs
fewer electrons or more electrors than does the neutral atom (or
molecule). Some examples are the hydrogen ioi, H+, which is
a free proton, and the fluoride ion, F , which contains an exira
electron in its electron distribution.



]

proton [’prautan] n. F{F
nucleus [’nju.kliss] ¢pl. nuclei
["nju,kliai]l) n. BF

neutron [’nju,tron] n. HF

electron [i’lektron] a. HF
tiny [’taini] a. {R/N@Y
positive [“poz3tiv] a. JETERY
iEMm
charge [“tfa,d3] v.t. Z#
n. B
particle [’pa,tikl] n. (¥, K&

negative [/negativ] a,

BEH; @

electrically [i’lektrikali] ad.
BE L
neutral [“nju,tral] a. FMHmH

note naut] v.t.

EE

identical [ai’dentikal] a. HZ&,
HER

differ [*difasl v.i. 7@, TEH
total [“t3utl] a Sir@ o B

approximately [3'proksimiiti} ad.
Ak E; Rk

helium ["hi,ljom] n. 5

hydrogen [*haidradisn] n. §

a. BHyhgy, #EA4H

confuse {kan’fju,z] v t. f#:F

roughty ["rafli] ad. ,ﬁﬁﬂh; A&
2

diffuse [di’fju;s)

single ['singl]

a. MEH

distribution [ distri‘bju, :naj

. S| ﬁs\ﬁi

i

extremely [iks’tri,mli] ad. §fH
radius ""reidjas] n. 3151";_‘
occupy [okjupai] v.t. 4

average [’aev,\rxdj}n_ EHCR, D
magnify Umxgnifai] v.t. A
typical ["tipikal] a. #HF
elimirate [i’{imineit] v.t.
HE
compress [kem’pres] v.t. EZ
truly [“tru,li] ad. EIEM, #Lhh
compact ['kom pekt] a. HFAT,;
BEM

human being [’hju,men

BRE

'hi.ig) ACE)

&b, AR

microscopic [,maikras’ lnplk‘ a. BH
Fi, ey

speck [spek] n. JES&,

lump [lamp] n. B, H

incredibie [in’kredabl] a. Ru[#{F
i}

reduce [ri‘dju,s] v.t.

R

previeusty [“pri,vjasti{ ad. g
28] :
hypotheticat [ haipaugetikal] a. &
5:d:0)
confirm [kan'f3.m] v.t. B@E,; L
net [net] a. HEd
~ charge BHH
create [kri‘eit] v.t. B3
removal [ri‘mu,vsl] n. BrE
contribute Tkyn tribju,t] v i, J#&;
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Reading Comprehernsion:

Choose the best answer for each of the following:

1.

The mass of proton is

a. 1.6726 x 10724 b. 9.1096 x 10728

c. 1.6749 x 10724 d. 2.3096 x 107%°
If we could eliminate this space by compressing atomi: nuc-

lei into a truly compact mass, a human being would b= redu-

ced o
a. a microscopic speck b. the size of a ping-po:.g ball
c. the size of a foot ball d. 2 miles in diameter

How many people could lift a lump of such nuclear metter
the size of our ping-pong ball?

a. One b. Two

c. Nine d. Nore of the above

Atomic number is equal to .

a. the weight of the nucleus b. the weight of the proion

c. the number of neutrons d. the number of pro:ions



3. NOMENCLATURE OF INCRGANIC
COMPOUNDS (1)

Mastering chemical nomenclature is little differert from
learming a new language, such as Germar.. In order to urder-
stand the German scientific literature, you must, e.g., learn

that the compound H2 is called Wasserstoff. English-speaking

chemists call it hydroger.. Your task now is to memorize the
names of enough compourds and become sufficiently familiar
with the several systems of naming compounds that chemistry
ceases to be a "foreign language"”.

The first *thing to learm about naming chemical compourds
is that there is usually more than one way to do it. We begin
with the simplest system, in which a trivial name, i.e., ore
that has no sensible origin, is assigned to a compourd. Some

examples are

HZO Water
NH3 Ammonia
I-Ig2C].2 Calomel

Some names, such as quicklime for CaO, derive from the origin

of the compourd---in this case, limestone, CaCo3. Such word

origins are often remembered orly by etymologists, but the
names have persisted for so long that they are an established
part of the language. Can you imagine anyone seriously asking
for a drink of dihydrogen oxide? The word water serves the
purpose much better.

As we come to less common and more complex compounds,
the use of trivial names gives way to a more systematic approach.
If there are only two elements in the compound, it is customary

to name the more metallic element first and the less metallic,

-9 -



or more electroregative, element secornd, with the suffix "-ide.”

Some examples are

KCl1l Potassium chloride
NaBr Sodium bromide
Ca0o Calcium oxide

H1 Hydrogen iodide
BaS Barium sulfide

For compounds containing still only two elements but more
than two atoms, the prefixes ."mono-," "di-," "tri-," etc., become
necessary. Some examples of such compounds are the oxides o-
nitrogen. Another such series is that of the oxides of chlorir=.
Because chlorine, like nitrogen, is slightly less electronegative

than oxygen, the word chlorine comes first:

ClZO Dichlorine monoxide
C10 Chlorine monoxide .
C].O2 Chlorine dioxide
ClO3 Chlorine trioxide
CJ_ZO7 Dichlorine heptoxide
Cl0 4 Chlorine ‘etroxide

If no confusion can resul:, the prefixes "morno-" and "di-" are some-

times dropped. )
A class of compounids in which such prefixes are seldom used

is that in which the metal atom usually exhibits only one oxidation
state. Depending on the oxidation state of the other element, the

rumber of aniors per cation is then fixed. Some examples are

ZnBr2 Zirnc bromide

Cal—l2 - Calcium hydride
' Nazo Sodium oxide

A1253 Aluminum sulfide



The next level of complexity in naming inorgaric compounds
arises wher there are three elements present. Very often, one
of these elemeris is oxygen. Such compounds are named by com-
bining the suffix "-ate" with tne name of the less electrornegative

of the two ronmetallic elemznts. For example, NaNO3 is sodium

nitrate. The problem With this is that there is a similar com-

pound with ritrogen in the +3 oxidation state, NaNOZ. Such com-

pounds with the element in a lower oxidation state use the

suffix "-ite", so NaNO2 is sodium nitrite. But the number of

chemical compour.ds is not bounded by the chemists' vocabulary,
and there are several suc.h examples entailing more than two
oxidatiorn. states. To solve this problem, the prefix "hypo-"
(meaning "below") is used in the name of the compourd in which
the less electroregative element is in the lowest oxidation state,
and the prefix "per-" (meaning "highest") is used when it is

in the highest oxidatior. state. Some examples of the use of

this system are shown in the following table.

Oxidation
State of Formula and
Less Name of
Eleciro- Corresponding
regadive Acid
Formula AZom Name of Salt
KNO3 +3 Potassium HNO2
nitrite Nitrous acid
KNO3 +5 Potassium I-INO3
nitrate Nitric acid
RbZSO3 +4 Rubldlu@ HZSO3
5 . sulfite Sulfurous acid

= 11 =



Rb.SO +6

Rubidium

H_SO

2774 2774
sulfate Sulfuric acid
CsCl0 +1 Cesium HC10
hypochlorite Hypochlorous acid
CsClO2 +3 Cesium HClO2
chlorite Chlorous acid
CsClO3 +5 Cesium HClO3
chlorate Chloric acid
C'sClO4 +7 Cesium HClO4
perchlorate Perchloric acid

&

master [’ma,st3]

. ¥i8

nomenciature [nau’ memclatja}

i

EIREEES

German "ds~,msn] n. @EiF, {EFH
A BEHN

scientifis liferature | saizn’tifik

"titariefs ! 25 Tk

memorize {‘aemdraiz] v.i. g2k

cease jai,s] v.t, &k

triviat [*trivisi] a, FEEH,
ER G|

1.2 aib ti,] ¢=that isy O,
2

sensible [“sensdbl] 2. BEEING

)nd-zln] n. BE: k5

&, #k

calomet ["kai*mal] n. HFE. EHit
%

quicklime

origin

ammenia (@' @aunj

[kwiktain] n. £FK
EE

arizd=zist] a.

derive [di‘raiv] v.i.
etvmologist [ eti’

HREE

persist [p3’sist] v.i.

B

establish [is/tRbiif] v.t &3
imagine [i'm=d-ial ot B
complex [“ksmpieks] a, HZ:ff
systematic [ .sisti'mytik] a. HisE

8, Ras

approach ['priuty’ a. BEE, HiE

suifiz ["safiks] n. F;’-;
bromide ["braumaid] n. Eik¥
iodide ["atsdaid] n. FALLY

harium [“bzrism] n. #1
prefix R
“naitrid nj n

“ori, fiks] n.
nitrogen A
(BEEDR
kxR, BT
AET: ABF
U'kxtaisn] n. [AET, F3F

series ['siari,z! n.

exhibit {ig’zibit] v t.
anion ['% naisn] n.

cation

fix [fiks] v.t. @FE
zine ‘zinkj a. B

aluminum [ 1C]ou,mingm] u, 48



Reading Comprehension:
Choose the best answer for each of the following:

1. According to the article in order rot to make chemistry

a "foreign larnguage" again you must learn

a. chemical nomenclature b. German
c. English _ d. Chinese
2. In English the trivial name of KCl is =~ .

a. to name Potassium first and Chlor second, with the suffix
"-ide." ' '

b. to name Potassium after Chlor, with the suffix "-ide."

c. to name Potassium first and Chlor second, with the prefix
"-ide". | ' -

d. none of the above

3. Under the following elements which one is unneééssé.i'y to
follow "moro-", "di-" and "tri-"? ‘

a. ClZO7 b. ZnBr2 c. C].O3 ‘d. C120

4. How many romenclatures of inorganic compounds are given
in the article? '
a. One b. Four

c. Five d. Eight

- 13 -



4. NOMENCLATURE OF INORGANIC
COMPOUNDS (II)

In the inoraanic acids, the suffixes "-ous" and "-ic" ar=
used to denote the lower and higher oxidation states, respectvely.
These same suffixes are also used with the names of a numbter
of metals, namely, those that usually exhibit more than one oxida-
tion state. Some examples are cobaltous aiid cobaltic, and mercur-
ous and mercuric. The nomernclature is complicated slightly by
the fact that, for a few such metals, these terms are derived
from the Latin name of the element rather than the English name.

All but eleven of the elements are given a symbol corres-—
ponding to one or two letters in the English name of the com-
pound. (The first letter is always capitalized and the seco:d
letter is never capitalized.) One of these exceptions is tungsten,
whose symbol (W) is derived from the Germarn name of the ele-
merit, Wolfram. The other ter. have symbols derived from their
Latin. names. These are: stibium (Sb) for antimony, cuprum (Cu)
for copper, aurum (Au) for gold, ferrum (Fe) for irom, pll;mbum
(Pb) for lead, hydrargyrum (Hg) for mercury, kalium (K) for
potassium, argentum (Ag) for silver, natrium (Na) for sodium,

and stannum (Sn) for tin. The use of the suffixes "-ous" and

-ic" with three of these metals is illustrated below.
Cul Cuprous iodide
Cul2 Cupric iodide
F(—:Br2 Ferrous bromide
FeBr3 Ferric bromide
'SnCl2 Stannous chloride
SnCl4 Stannic chloride

The system works well as loig as there are orly two major oxi-

- 14 -



