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Lesson One eyl
) N\\m»—a—.wafc .

© What Things Are Made -of,

There are many different kinds of things in the world around you. Everything you
 see is made of some kind of material. The chair you sit on is made of wood. The pages
of this book are made of paper. You ride in an automobile that is made of 'steel, glass,
rubber, and 'many other things, _ ; &
g Thcn: are many different kinds of materials. There are soft ones likc; silk and feathers
and fur. There are hard ones like wood and rock and steel. There are runny ones like
water and. oil. -There are smoky ones like steam from a tea kettle and clouds in the sky,
You can see most of these materials, and you can feel many of: them, tqo. Yau
know them well. But do you know what they are really made of ?
Supposc 'you look through a microscope that can show things a hundred times blggcr
than they really are. Then you would. see that a piece of hard, bright steel has bumps
and holes all. over it. Your microscope makes silk cloth look like a thick web of ‘soft,
shmy silk ropes. . b e )
- Now you want to make things look even much bigger than thls You want to find
-out what thmgs are made of, deep down inside. So pretend that you havc a_very special
rmcroscopc that makes ‘things look a million times bigger. 3

If you could look at a hard piece of steel through your special nucroscopc what would
'you see ? :
: You would see nothmg but mﬂhons and rmlhons of tiny specks, and the specks would
be _]umpmg and shakmg and jiggling around hke a busy swarm of bees.. It is hard to
believe that a piece of smooth, hard steel is really madc up of noth;ng but darting little
dots ! .

No matter what you look at in your spec1al rmcroscope, you see only tmy, Jlgglmg
specks. . Look. at hard things or soft things. Look at runny things or smoky thmgs You
see only busy little specks rushing around, never stopping.  ~ .

Scientists have a name for thtse specks. They call them molecults. Everythmg
you ever saw is made up of molecules. Everythmg in the world is made up of molecules,
even the sun and the moon and the stars.. And you are made up of molqculcs, too.. Your

“ body has many materials in it, and each one is different from all the others. Each material
in the world is different because it is, made up of its own special kind of molecule.

Of course there is no special microscope that can make things look a million times
blgger But scientists do not need one. They have special ways of finding out that there
really are such things as molecules. Scientists can measure molecules. They can count
them. They can even weigh them.
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Look at the period at the end of this sentence. It is just a little black dot. But there
is room enough for a row of five million molecules across it, dancing side by side.

Suppose you were only as tall as a molecule. Then the point of a pin would be
like a big, round hill. And there would be room on that hill for you and all the other
~ people in the world. '

New Words and Expressions

. chair [tfed] m. BT
. sit [sit] oz, A
(sat [set])
. ride [raid] v. s T
(rode [roud], sidden ['ridn})
automobile ['2:tomabi:l] 7. ¥t
. steel [sti:l] 7. |
., rubber ['raba] =, BE, BB
soft [soft] @ E2 800
silk [silk] = ™ “, B
. feather ['feda] =. NE
fur [fo:] n.. B
rock .[rok] n. =h
runny ['rani] a. b Rig: o]
smoky ['smouki] a. HEHKs HRE
sky [skai] n. Fzs

microscope ['maikfaskoup] n. SR

bump [bamp] 2. W, i

A0 ] R o
hole [houl] n. W,
cloth [kla(:)8]-». s RY
thick [6ik] a. B EEs KT
web [web] . s PURYD
shiny ['faini] a.  RREH, FHLED
rope [roup] n. a¥

deep [di:p] ad. i &

- a. vﬁiB‘J‘

24.
25.
26.
27.
28.

29.
30.
31.

32.
33.
34.
35.
36.
37,
38.
39.
40.
41.
42.

43.
44
45.

46

pretend [pri'tend] 4 B3 B
nothing but R%E; AAM
speck [spek] . PERs AR
jump [dzamp] ui. ‘ Bk
shake [[eik] v. wah, #3h, RE
(shook [fuk], shaken ['fei kon])

§ n, . 1%793, ﬁﬁ

Jjiggle ['dzigl] . = BRERE; Bk3h
busy ['bizi] a. o, #im, Bk
swarm [swo:m] =. : B
v, 1 % %, fﬁﬁ

bee [bi:] . : ik
smooth [smu:d] a. &K, FRE
dart [da:t] 2. A
dot [dot] n. A, BR

count [kaunt] 7 4

period ['pioriad] ». FE#s ¥ WS
sentence ['sentans] 7. T Al
row [rou] =. O
across [o'kros] prep. B, 548
dance [da:ns] w. BhiE, ®mR
side [said] =. i, Fih, HE

side by side FHRH
tall [to:l] a. [=1:]
pin [pin] 7. e, KKE
point [point] =. R, Ry K
hill [hil] =. A, EB




Lesson Two

Why Do We Eat and What Should We Eat ?

Our bodies are very complex and intricate organisms. We can maintain ourselves
, and perform our normal functions only within a limited temperature range. As you
- know, the normal temperature of an adult human being is 98.6°F. This temperature
must be maintained by the body in spite of external temperature changes. To do this,
the body must generate heat and also produce enough energy to enable it to perform
such important biological processes as muscular motion, digestion, breathing, circula~
tion of blood, etc. To obtain this energy, everyone eats, or takes in, food. Lavoisier first
explained accurately how body temperature is maintained by the oxidation of food: :
Oxidation is a rather simple process, but hundreds of other complex chemical processes
are necessary to convert the food we eat into the substances necessary for the normal
functioning of the human body. Foods are required also in building new  tissue and in
repairing broken-down or worn-out cells, In a sense, man is a parasite; we do not
synthesize foods in our bodies — but rather we reconstruct them from the various organic
and inorganic materials which we consume. 4 -

In the course of your lifetime probably you will consume some fifty tons of food
(estimated average normal food consumption). The chief nutrients found in this fifty
tons of food are carbohydrates, fats and oils, proteins, minerals, and vitamins. Water,
even though it does not produce energy since it is already completely oxidized, is absolutely
essential for the proper working of your body. A lack of the minimum amount of water
will upset the proper concentrations of the various fluids in your body and will cause
many organs to fail to function normally. \

Carbohydrates make up part of our diet. A carbohydrate is an organic compound
composed of carbon, hydrogen, and oxygen. In a carbohydrate, hydrogen and oxygen
are present in the same ratio as in water, that is, two atoms of hydrogen to one of oxygen. '
The most common carbohydrates are the sugars, and the starches.

Fats and oils also constitute part of our diet. These nutrients -contain carbon, .
hydrogen, and oxygen in varying proportions. Animal and- ‘vegetable fats and oils are mix-
tures of esters. Those mixtures of esters which are liquid under }lormal conditions are
called oils; those which are solid are generally called fats. They serve as secondary
sources of energy in the body, and also as insulation for various body  tissues.

Proteins are very complex nitrogen compounds. Carbohydratcs and fats are the
chief sources of energy used in the activities of the. body but they are not the chief sub-

_stances of which active body tissues are composed. Muscle tissue, for -example, contains
but little carbohydrate and often very little fat. The chief constituents of the muscles

-,

£ 3
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fluorine, and other elements.

® #& (T M)

and of the protoplasm of plant and animal cells generally are compounds called proteins.
Proteins are distinguished from carbohydrates and fa.ts by the presence of nitrogen, for
proteins contain about 16% of nitrogen.
The minerals of the body constitute more than 4 % of the weight of the body. Animal
tissues contain compounds of calmum magncsxum, sodium, iron, potassium, sulfur,

phosphorus, chlorine, iodine, and traces of copper manganese, zinc, alummum, silicon,

bccome part of dlfferent body t1ssues

L. intricate ['intrikit] a. 7, 50
2. maintain [men'tein] v. = ¥, BE
3. perform [pa‘foim] 2" Eyrniene el
BRI LT, BT R
4. limited ['limifid] a. ERE
5. range [reindz] n. fE; —&7
I 5 Mg
8. adult ['&dalt] n. BN

10.

11.

12.
13.

14.

15.

16.

17.

. muscular ['maskjulo] a.°

These elements are obtamed from foods

These foods

" New Words and Expressions

; generate ['dzenareit] o2

B <& CHEy R, ?"ﬁ'
i b1olog1cal [,baia'ladsikal] a. -

i%"#’(i‘.)ﬁ‘]

circulation [,sa:kju'leifon] n.
&% 217 WEs R
Lavoisier [lavwazi'ei]
(N2B) GERER)
repair [ri'pea] oz / B
broken-down ['brouksn 'daun] a.

a%zmm,mﬁem'

worn-out ['wo:n 'aut] e.

mﬂm,ﬁmm,xﬁﬁmm'

parasite ['parasait] n.

WAl FAEH, ?}E%

reconstruct ['ri:kon'strakt] o2

BB, ER

consume’ [kon'sju:m] o4

WLE R

Wy W

18.
19.

20.
g

22.
23.
24,

Fligg!
26,

27.
28.
29.
30.
31.

g3
33"
34.

35.
'36.

estimate ['estimeit] 2%,

s

consumptlon [kon' SAmpjan] n.
COHEBRG), WE

nutrient ['nju:triont] a. b2 R 23

n. %%nn

carbohydrate ['ka:bou'haidreit] n.
| BARAY
oil [ail] =. : w
lack [lzk] vz, n. =

minimum [mlmmam] n.

BME, BIGRE

upset [ap'set] vz FH; 1T
(upset)
‘concentration [konsen'treifan] 7.
| OB W B
ﬂliid ['Au(:)id] =. s WA

constitute ['konstitju:t] vz, AL, #lE
vary ['veori] . B, 2
ester ['ésta] 2. ‘ fik
secondary ['sekandori] a. :
Bfinys WER,
insulation [‘.ins‘]u leifon] n. BRES; 4%

muscle ['masl] = A
protoplasm [proutaplaezm] n

: JRAER 4AHd 5
silicon ['silikan] . i e

fluorine ['ﬂu(:)ari:n] Bt !



Lesson Three -

Extraction

- Perhaps the carhcst method for isolating useful organic compounds from natural
sources was' extraction. Extraction of* sugar, the earliest example of ‘this method rrnght
be traced to prehistoric times. Sucrose, or cane sugar, was extracted from the cellulosic
material of the cane stalk with water, and upon evaporation of the water, the sugar cry-
stallized, Another very important example of isolation was the extraction of quinine,
the highly effective antimalarial drug. Quinine is a product extracted from the bark of ‘the
cinchona tree. Legend places its discovery prior to 1633 as the result of a violent storm.}
Fallen cinchona trees in a pool made the water so bitter that local residents refused to
drink it. However, a stranger passing through, having a burmng fever and ﬁndmg no
other, was forced to drink it and he was cured.

The principle of extraction, of course, has its basis in the fact that compounds differing
greatly in their structural characteristics are quite likely to dxffcr greatly in their chcmlcal
and physical characteristics as well. Thus, it is not- surpnsmg that one compound may
be very soluble in water while other compounds accompanying it in the natural environ-
ment may be very insoluble. Consequently, an extraction process using water as the
solvent would lead to an effective separation and isolation of the water-éqiuble component,
Quite often, the solvent-soluble fraction is a mixture, and other methods of isolation of
pure compounds must be utilized. 4 ;

Solvent extraction is a method of separation based on the transfer of a solute from
one solvent into another, essentially immiscible solvent when the two solvents are brought
into contact. The reason for the large populaﬁty of solvent extraction lies in the speed,
ease, and convenience of the technique. The separations are clean because the relatively
small interfacial area between the two liquid phases avoids any effects analogous to the
undesirable coprecipitation phenomena that plague most precipitation separations. In
most cases a simple separatory funnel is all the apparatus reqliired.\ The extraction step
usually requires only several minutes to- carry out, and the procedures-are applicable to
both trace and macro levels. Many sensitive organic and biochemical materials can
be separated by extraction procedures with much lcss danger of aecomposmon than is
present with other separation processes.

No technique is more widely used for the separation of an.organic product from its
reaction mixture or for the isolation of naturally occurring organic substances than
extraction. Just for this reason, extraction techniques have been developed to a high
degree of specialization, and more extensive discussions can be found in suitable sources,
Elaborations, such as the ‘use of boiling solvents, mixed solvents, multiple extractions, -

5
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23.
24«
25

. isolate ['aisoleit] z2.
. isolation [, aisa'leifon] 7.

2%«» .S.Imngﬂ;r ['streindgo) . - oo
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and solid-liquid and liquid-liquid extractions are commonplace in the laboratory.

New Words and Expressions

. perhaps [pa'hzps, praps] ad.
Ut eie ot o3BT FLAR

S, WE
. 30

SE; BE
trace [treis] 2. . - E¥, BBE
o R, RE, HE

prehlstonc [ pri:his'torik]. a.

Loy g Al P LIRiHY, SBRTAY
; 61 cane [kein] n, - Hs 1R
- cellulosic [selju'losik] a. G4 ()W
8. stalk [sto:k] n.  (EXREYK)EZE
. 9. crystallize ['kristplaiz] v. ghik
10 quinine ['kwinin]. 7. §?‘
11. antlmalanal ['zntima'learial] a. =
e = ﬁféﬁﬁ‘]
13, bark,[bq:k] n. ZER, W
13. cinchona [sig'i;ouna] n. o SBAHRER
14. tree [tri:] n. b w
15. legend ['16d39nd] n, &
16..prior ['praid] a. .  ZERIM, REH
77 ad, Eﬁb’ Lo
Aoadis PHOT 101 TE - B
17, violent ['vaislont] a. gumgg, A
18. storm [sto:m].#. - YA
19. fall [fo:l] vz, T, %
77 (fell [fell,. fallen ['fo:lon]) ;
20. ool [puil] 2. W,
21. bitter ['bita] a. EHH

. /local ['loukal] a.

%%m;ﬂﬁm,gwm

resident [remdant] n.: BR
refuse [ri'fju:z] s ‘ s
drink [drigk] 22 .. . .. | L

(drank [drzgk], drunk [dI'AIJk])
FEEEA

27.
28.
20.

3l.

32.

35.
36.
37.
38.

39.
40.

~ 41,

42.
43.
44.
45.

. 46

470

48
49.

60.

.. separation [ sepa'reifon] n.
34.

step [step] n..

fever ['fi:va] n. (RIBE, (R)#
force [fois] vs .- HAE, TR
structural ['straktforal] a. ZE#y kY
as well ‘H_’.,'{ Gk

surprise [ss'pfaiz] ‘
- U, - HRIBIRS, FRE
n. ' W, R
environment [in'vaisraonmoant] n. 3fi¥%
HE
component [kom'pounaont] 7. -
: SR o
fraction ['frekfon] n. :
NG GHBGRISs 533
transfer ['trensfs:] z. ¥, Tk
popularity [,papju'leriti] n.
B ¥Rk, W

lie [lai] vi. s DLTs 7E
(lay [lei], lain [lein]; lying ['laiig])
lie in / : EF
ease [i:z] n. . BGs ARhH
convenience [kon'vi:njons] n.

. EF, G
interfacial [ inta'feifal] a. = HREH
area ['earia] n. HE, ER, S
avoid [9'void] v [E58, #EHa

analogous [o'nalagas] a. L1, 2Bl &Y

coprecipitation [ kouprisipi'teifon] n.

. FEUigE
plague [pleig] v. fEYulRE, HER
: . B
separatory ['separatori] a. BRI
funnel ['fanal] #. IRk

apparatus [,&pa'reitas] n.
{8, &&, FEE
- R, W, &%




51.
b52.

53.

54

55.
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carry out - OEE, AT, ﬂﬁv

applicable ['aplikabl] a.
RERLFIHY, FERE

macro ['makrou] a. B R
. danger ['deind33] .. L fBR
decomposition [di:kompa'zifan] =.

5 i

56. specialization [ spefalai'zeifan] =,

Regkfe, €06
57. suitable ['sju:tobl] a. &ER, BEYHK
58. elaboration [i laeba'reifon] 7. ¥ .0 #4E
59. commonplace ['komonpleis]

\

Notes to the Text

1. Legend ... a violent storm.

EMFR: FRENKIRLE 1633 4

BIAT 2 GRIR T B R R T B SR,

,\\,

a.  FRLE
n FREY



Lesson Four
Distillation

Distillation, a method.used for the separation of the components of liquid mixtures,
depends on the. &istribution of constituents bétwecn the 1iqhid mixture and the vapor in
equilibrium with the mixture. The two phases exist by formation of the vapor phase
through partial evaporation of the liquid mixture. Each phase can be recovered sep-
arately with the more volatile components concentrated in the vapor, while the less
volatile ones are in greater concentration in the liquid. The effectiveness of the separa-
tion is dépendcnt on the physical properties of the components in the mixture, the equfp--
ment used, and the method of distillation. Tar g S

A number of different distillation methods, or processes, are used in both laboratory
and pilot-plant research, as well as in commercial production of chemicals and related
products. The separation of liquid mixtures by distillation is one of the most important
and widely used processes in the chemical industry today.

- Distillation can' be distinguished from evaporation in that it is the separation of a
mixture in which all components are volatile, whereas in evaporation volatile components
are separated from nonvolatile ones.! For example, distillation would be used to separate
a mixture of alcohol and water, but evaporation would be employed to separate water
from an aqueous sodium chloride solution. : ‘ :

Conventional distillation is carried out by two methods. The first consists of pro-
ducing vapor by boiling the liquid mixture to be separated, and then condensing and
collecting these vapors without returning them to the still pot. This method is commonly
referred to as simple distillation. The second method, and the one -most widely used,
is based on the return of a portion of the vapor condensate to the distillation unit under
such conditions that this condensate is continuously and countercurrently in contact with
the vapors.? The liquid portion returned is referred to as reflux, and the method is
called fractional distillation or rectification. :

In addition to the two conventional methods of distillation mentioned—simple and
fractional — there are a number of more specialized types adaptable to particular mix-
tures, conditions, and applications. Flash distillation consists of vaporizing instantaneously
and continuously a definite fraction of the liquid mixture in such a way that the total vapor
produced is in equilibrium with the residual liquid.* This method is ordinarily used
for a mixture containing components with widely different boiling points.

Vacuum (reduced-pressure) distillation is ordinarily used to separate high boiling
mixtures of materials that decompose below their normal boiling points. Decreased
pressure reduces these boiling-point temperatures. ;

Steam distillation is another special method utilized to separate high-boiling mixtures

8
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FOUR 9

or to separate a material from a nonvolatile xmpunty This method unhm rather simple

and inexpensive equipment.

‘separate.

Azeotropic and extractive distillations are used for mixtures that are difficult to
These methods find their principal use in the separation of mixtures whose

components boil too close together for economic conventional fractional distillation.

“Sublimation can be classed as a highly specialized distillation method, in that it is

used as a purification method, and the desired product can be elther the sublimed or the

resxdual material.

6. equipment [i'kwipmont] =,
. pilot ['pailat] :

. equilibrium [ikwi'libriom] 7.

New Words and Expressions

R

in equilibrium with... oot B

. partial ['pa:[al] a. %ﬂj}&g
o separately ['seporitli] ad.

535, 43 FFHb

. concentrate ['konsentreit] v. ¥ 45; £

. effectiveness [i'fektivnis] .

MR, AR
B

a. 513y MR PR

n. | %EA
pilot-plant ['paﬂat pla:nt] =,
ARERET

8. commercial [ka'ma:[al] a. M (E)H
9. chemical ['kemikal] =.

10.
11.
12.
13.
14.

15.

16.

17.
18.

el i, EE
related [ri'leitid] a. B
whereas [ (h)wear'2z] conj. T, 4, B>
nonvolatile [non'volatail] a. ¥ % B
Ky, KREY
conventional [kon'ven[anl] a.
BB, %A
wE, HiE, BIE

aqueous ['eikwiss] a.

return [ri'ta:n] v.

n. %k, EHE
still [stil] =. mmE, AmaE
pot [pot] =. s # &
condensate [kon'denseit] z.

REEY, B

19.
20.

21.

22.

23.

24 .

25.
26.

27.
28.

29.
30.

31.
32.
33.
34.
35.
36.

37.

38.

ﬁnithf[‘ju:m‘t] n. BN, BT IR 258

continuously [kan'tinjussli] ad,

b, SkSEHs
countercurrently ['kaunts'’ kAranth] ad.
W, A 1
reflux ['riflaks] =. Elk, ERYG

rectification [ rektifi'keifon] n. . ¥&4%
addition [a'difon] n. ¥im, IRk

in addition to ... Bg=ee oo LLAp
specialize ['spefslaiz] »#. AL A

adaptable [2'deptobl] a. ™

ERHERE, BEER
application [,@pli'keifan] n. [ F, HiF
flash [flz[] a. KREH, BEH

flash distillation  ABEW, N
vaporize ['veiporaiz] v. &%, ¥k
instantaneously tmstan teinjosli] ad.
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Notes to the Text

Distillation can be dlstmguxshcd from evaporation in that it is ... are separated from
nonvolatile ones.
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. The second method, ... in contact with the vapors.
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. Flash distillation consists of ... in such a way that the total vapor produced is in
equilibrium with the residual liquid.
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Lesson Five

Criteria of Purity of Organic Compbunds

Once the organic chemist has made an effort to purify a compound, he must have
available methods of detecting impurities, that is, of determining how effective the puri-
* fication methods have been. Of course, if the compound has previously been isolated
and characterized, a favorable comparison of its observed physical and chemical properties
with those previously described is an adequate proof of its identity. It is only in those
cases which involve isolation of new compounds that such methods are absolutely essential.?
Several criteria of purity are available. ‘

Constant Melting Point. The observations of F. M. Raoult and J. H. van’t Hoff
(which led to formulation of the well-known van’t Hoff solution laws) that the presence
of impurities in a substance usually lowers its melting point (or freezing point) have been
used effectively as a criterion of purity. During a series of recrystallizations, each followed
by a melting point determination, as elimination of impurities is being completed by the
process, the melting point will approach a constant value (all temperatures are centigrade
(C) unless otherwise designated?® in the text). When this has bcch,attair;ed, the campound
may often be assumed to be relatively free of impurity. 5 %

Constant Analytical Data. Pure chemical compounds have a constant wcomposition:
by weight, and this fact can be used as a criterion of purity. However,in practice, other
methods are more conveniently used, since a quantitative analysis for the elements preseﬁt
is quite time-consuming. If, after each of several successive purification steps, the
analytical data reveal a constant composition by weight, one of two conclusions can be
drawn. . Either the compound has been obtained in a high state of purity or the purifica-
tion procedures are not effecting separation of the compound from the impurities. Other
criteria of purity must be applied to permit selection between the two possibilities.

Constant Boiling Point. For liquids, a constant boiling point is recognized as one
criterion of purity. However, in practice, it is customary te use.boiling point as only
a rough guide to purity. The theoretical basis for the relationship between purity and
boiling point lies in the principle outlined in the van’t Hoff solution laws.

Constant Refractive Index. The refractive index of z liquid iy defined as the relative
rate of transmission of light through the liquid when compared to air. The lower velocity
of light through a liquid causes refraction of the light and refractometers are designed to
measure this refraction.

Gas-liquid Chromatography as a Criterion of Purity. Gas-liquid chromatography was
introduced in 1952, and it has since been proved to be the most effective and convenient
technique for detecting impurities in compounds. . Its convenience lies in the facts that
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