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PART 1

1. MATTER

The universe is composed of matter and radiant energy.

The chemist is primarily interested in matter, but he must
also study radiant energy — light, X rays, radio waves — in its
interaction with substances. For example, he may be inter-
ested in the color of substances, which is produced by their
absorption of light.

Matter consists of all of the materials around us — gases,
liquids, solids.

Mass and Weight

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 re-
sistance 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 measure 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 surface, especially the distance of
the object from the center of the earth. Since the earth is slight-
ly 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 equa-
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tor.® 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 balance — nearly a pound more. Your
mass, however, is the same.

The mass of an object remains the same at the North Pole
as at the equator, and it can easily be determined, at any place
on the earth’s surface, by comparison with a standard set of
masses. For small objects a chemical balance is used. Since
the weights of two bodies of equal mass are the same at any
place on the earth’s surface, these bodies will balance one
another when placed on the two pans of a balance with arms of
equal length.

It is common practice to refer to the masses of objects as
their weights.® It might be thought that confusion would
arise from the practice of using the word weight to refer both
to the mass of an object and to the force with which the object
is attracted by the earth.® In general it does not, but if there
is danger of confusion you should use the word mass.

W iC

universe ['ju:niva:s] n. 3%

radiant [‘reidiont] a. 846

primarily ['praimarili] ad. % %; &
W EEH

ray [rei] n. ek, M

wave [weiv] n. ¥

interaction [ intor'akfon] n. MWHE
e

absorption [ob'so:pfan} n. ERHC
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liquid ['likwid] n. @&

solid ['solid] n. [k

mass [mas} n. Ji

quantity ['kwontiti] ». $#&
measure ['mezd] v.r. (W)E
resistance [ri'zistons] n. Bl h; B1i8
state [steit] #. R

motion ['maufon] n. B3
attract [o'trekt] v, K]



depend [di'pend] v... %
slightly ['slaitli] ad. 2%
flatten ['fletn] v.r. fA R

pole [paul] n. %

equator [i'kweita} n. 3758

spring [spriy] n. #¥

balance ['bzlons] n. KFE

Ib = pound [paund] n. &
‘standard ['stendad] n. Fr¥E; ik

12|

be composed of f1.. A%
be interested in 3t... B3L
(to) consist of fi... 4K
to depend on (upon) {k#; BT

in consegquence Rt

the same ... as &...—¥
by comparison with 5.. HILE

5 3

equal [‘izkwoal] a. #1%H v.t. &
pan [pan) .n. # )

“length [leno] n. K H

confusion [kon'fjuzzon] . RAL: iR
arise [o'raiz] (arose [o'rouz], arisen

[o'rizn]) vi. Bl WA RAE
danger ['deindzo] n. B

;|

a set of —~%&
one another T i
(to) refer ta ... as ... #8... AR
arise from RHET

(t0) refer to B3 BHR

in general —ib; Kk |

B

® ... because they want to know how much material they need to
use to prepare a certain amount of a product.

4% how much ... product £ to know Fy=EMN, 3+ how

much material X & to use fy&iE; to prepare ... product RIE to

use fHIRIE.

@ The weight of an object is only a measure of the force with which
the object is attracted by the earth.
4grp with which .., the earth R—A# iR ZiENG, XRERF
which 8§ force, with which 7E%iE M ERIE,
® 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.

{7 that {8# the distance of its surface, XH Y BLBEETA
P AR LN, XA EIHA that, HHE%WAE those,

@® It is common practice to refer to the masses of objects as their
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weights.

it BEGIAEBRZE, AEMHEELTERMIE to refer to the
masses ... weights,
It might be thought that confusion would arise from the practice
of using the word weight to refer both to the mass of an object
and to the force with which the object is attracted by the earth.

it BEGR, FOTFHERATIE, AREMHEIFL that 5188FER
4), it might be thought that ... &[¥%“ AFIFIRELIN...” RBIY
oy RERIGIE to refer both ... force {5 using & HAYRIA,



2. THE PHYSICAL PROPERTIES OF SUBSTANCES

The study of the properties of substances constitutes an
important part of chemistry, 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 ex-
ample 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 in diameter, for
use with ice for freezing ice cream; and natural crystals of
rock salt an inch or more across. Despite their obvious differ-
ence, all of these samples of salt have the same fundamental
properties. In each case the crystals, small or large, are natural-
ly 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, 2.16 g cm~%  The
density of a substance is the mass (weight) of a unit volume
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(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 sub-
stance that are not so simple in nature. One such property is
the malleability of a substance — the ease with which a sub-
stance can be hammered out into thin sheets.® A related
property is the ductzlzty—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 imp'ortant physical property.

CItis customary to say that under the same external con-
ditions all specimens of a partiéular substance have the same
physical p;’dperties@ (density, hardness, color, melting point,
¢rystalline form, etc.). Sometimes, however, the word sub-
stance 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 mikture, even though the specimen may consist
entirely of one substance, sodium chloride. This lack of de-
finiteness in 'usage' seems to cause no confusion in practice.

o i iC
property ['propati] n. ¥:MR; &4t i n B
constitute ['konstitju:t] v.r. R, quality ['kwoliti] ». JRE&; BR
HR : .. observe [ab'zo:v] v.r. ER
characteristic [ karikto'ristik] a. #& sodium ['soudjom] n. &4
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chloride ['klo:raid] n. &{t%
sodium ~ Z{t#

salt [so:lt] n. 3t

appear [o'pia] v.i. 3L Tk (FR)

fine [fain] a. #1/%

grain [grein] n. ¥y

crystal ['kristl] n. % &, Bk

diameter [dai'@mita] n. H#B

freeze [frirz] (froze [frouz], frozen
['frauzn]) v.i. BE&:; g5

across [a'kros] ad. #id; &

despite [dis'pait] prep. 745 R

obvious ['obvios] a. HIE W

sample ['sarmpl] n. 5, LB

fundamental [ fanda'mentl] a. &4
i)

bound [baund] v.r. 4% n. [%H
p- NP

square {skwed] n. EH ¥

rectangular [rek'tengjule] a. ¥
li5]

size [saiz] n. &/ R+

angle ['®ngl] n. fi; Mk
right ~ H

adjacent [a'dzeisont] a. 4BiEHG

cleavage ['klizvidz] ». 4y%Y; fRFR

crush {kraf] v.r. JERS; ER

cleave [klizv] v.r. BYFF, R

plane [plein] n. SEH

parallel ['paralel] a. /R

original [o'ridsanl] a. By

dissolve [di'zolv] v.i. R

taste [teist] v.z. 2znkiE n. ok

i
(10) put to use {{i

(to) change ... into ... #0..3%7%
oo

solubility [,solju'biliti} n. {ERZIE

density ['densiti] n. #BEE

volume ['voljum] n. &

cubic ['kjuzbik] a. 75 (B

precisely [pri'saisli] a. Ki#faih

melt [melt] v.r. & v.i. Bt %AE
~ing point X

malleability [\maelia'biliti] n. T
¥ B

sheet [fizt] n. ¥ H

related [ri‘leitid] a. FIRFAEN; 4335
o]

ductility [dak'tiliti} n. Rk FEFE

draw [dro:] (drew [dru:], drawn
[dramn]) v.z. &

wire [waid] n. &B %

scratch [skrzetf] v.r. #&,¥8 n. FE

customary ['kastomori] a. E¥R/;
mEH

external [cks'to:nl] a. SMERRY; SM T
0]

specimen ['spesimin] n. ¥ R; &

particular [po'tikjule]l a. R

crystalline ['kristolain] a. & &M

vapor ['veipa] n. ()

moreover [mor'rouve) ad. ;b
5

contain [kon'tein] v.t. &%, 8%

entirely [in'taisli] ad. 5284k

definiteness ['definitnis} n. BT

_ usage ['jurzids] n. ARk

cause [ko:z] vt §l#8 n. KR

|

in the form of L. %5,
a quarter of M52 — :
in each case LHE—MHHRT



_be bounded by ¥ .Ba 548 on the other hand %—F

£ without regard to A% [E; REiH

parallel to 5. Ff1Hy even though B
similar to 5... 8IS

O]

¥ B

... because their properties determine the uses to which they can
be put. '

£) to which they can be put R IEM4), & uses.
We have all seen this substance in what appear to be different forms
— table salt, in fine grains:

47+h what appear to be different forms = the things which appear
to be different forms. X fm: This is what (= the thing which) we call
salt. XRABRNFRAEHKRAE,
... the crystals always break (cleave) along planes parallel to the
original faces, producing smaller crystals similar to the larger ones.

4J+h parallel to the original faces EMEAEEHEEE, BRER
B &S, X B4 planes; producing smaller crystals X4y i
sGIEES R RIE; similar to the larger ones XEEAFEE, #HF
crystals, ones #XER%E crystals, RATREAEE(BKA one, A
i ones), i
There are other properties besides density and solubility that can be
measured precisely and expressed in numbers.

there 3| ST, ¥R BN, 3id are ZAT,EIE other proper-
ties #£J5, ‘there + be + FEFE+RIBEMHAMEF ERLFEXDRE
AL E307; that 2158 R%iEM4Y, @15 other properties.
Such another property is the melting point, the temperature at
which a solid substance melts to form a liquid.

4J+ the temperature ... liquid & the melting point By (2R,

.. the ease with which a substance can be hammered out into thin

sheets.

with ease BEIE, BRH“EHH"; which fyRfFAR ease.
It is customary to say that under the same external conditions all
specimens of a particular substance have the same physical propet-
ties.

it 2RAIAEBREIE REMNEERFLR to say; that SIRHM
AR to say HIRIE.



3. 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, 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 pro-
ducing 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
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 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
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reactions.® Many biochemists and physiologists are engaged
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.

Example. Which of the following processes would you
class as chemical reactions?

(a) The boiling of water.

(b) The burning of paper.

(¢) The preparation of sugar syrup by adding sugar to hot

water, i

(d) The formation of rust on iron.

(¢) The manufacture of salt by evaporation of sea water.
. Solution. The burning of paper and the formation of
rust on iron are chemical reactions. The boiling of water, the
preparation of sugar syrup, and the manufacture of salt by
evaporation of sea water are changes of state that are not classed
as chemical reactions.®

|\ iC

participation [pa: tisi'peifon] n. &
5

reaction [ri'®kfon] n. KF

process ['prouses] ». T8

convert [kon'vart] v.r. ¥, ¥4b

greenish-yellow ['gri:nif-tjelou] a.
REGH

chlorine ['klorrizn] n. &(K)

decompose [dizkom'pauz] vt &
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vi. 2@ BT
passage ['pasids] n. @
cwrent ['karont] n B
precipitate [pri‘sipiteit] v.z. & v,

U it n. [pri'sipitit] Wikl
solution [so'lu:zfon] n. Pk -
silver ['silve] ». 8 a. R LN
nitrate ['naitreit] n. FHEEER

silver ~ WHERIR



