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“The electron 1s as inexhaustible ast
the atom, naturg is infinite...”
V. LENIN

A SHORT HISTORICAL REVIEW - " .
OF THE ATOMIC THEORY -

The Rise of the Atomic Theory

- It is'a striking fact that® the most remarkable re-

;searches of the twentieth century have substantiated two ‘

ideas about the nature of matter which the Greek*‘phﬂok

. sophers fashioned twenty centuries ago. One is the theoryj
that® the many thousands of substances which exist in -

the world are formed out of! a small number of simpler
substances’ or elements. The other theory is that® matter

- is constructed out of tiny particles or umts the sq—called e
"atoms of matter.

As early as” 400 B, C.8 the Greek ‘philosopher, Demo- :
critus,” taught that®® the world consisted oft empty space
and an infinite number of? smal! invisible pa.rtlcles Ma.tt'er, g

- 1. as.as fil.. ﬁ}#m 2, It is...that. ﬁzﬁgm\&mﬁ&&m It~ ;
is...that RUFEH, SLALRY that REME. XFBHEX LRENTRE, LF

BlEMARRRENEHE, W It RAFEEHR LHEE. 3. that Bl ARM

4 theory MyHE{LEE. #ggag'gaqga;ng 4. are fogmed out of H.. #Jﬁ :
Beik#y of=from. 5. simpler substances MM, FE. 6. that R4
FNHIERR.. 7 asearlvas R 8. 400 B. C. [bir’sir) (=400 years
before Chtist [b1'f:> 'kraist]} A% §if 400 .9 Democritus [dirmps sritas] i
BFIFs 10 that SRR MM A fE tauzht B3 88.  11. consist of #H...
B G 12, an infinite number of %Ay, : '



he held ! was formed by the formation of acgregatlons
of these tiny pasticles. This theory, which perhaps came
into existence® before 400 B. C., later became known- as®
the “atomic theory” and the particles as “atoms”$ be-
cause “atomos” in Greek means “indivisible” or “uncutt- . .

a:ble”

_ The followers of his theory asked this. question: Sup-.
pose® you cut'a p:ece of metal in. half; then cut one of.
the. two resulting pieces in half,® then cut one of those
~ two redulting pieces in half and continued this process,
. time aftgr time;” could you keep the process up forever?®

They answered the question in the negative.? Eventuale, .
they held, you would have a tiny patticle which could .

not be.cut. That, they held, was the atom. They also -
speculated upon the nmature of atoms™ and concluded that
liquids. were composed of** smooth atoms which moved ,»\
about easily, thus accounting for the nature of liquids, 2
while solids were composed of rough atoms whose surface

bad little hooks by which the atoms clung to13 one_

‘another.

Not all the Greeks, however, accepted the theory

-

R

¥

1. he Beld 412y HA4. 2 come into éxistence ﬁf_j. }ﬂﬁ 3.bes
come known as §hFiz4. 4 the particles as atnms” sih as AW T later
became known. 5. suppose AL, Wik & M, suppose B that . m&
HFl. 6. fhen cut one of the two resulting pieces | in hzl{ });F:}Eﬁtaﬁﬁﬁ
Bb B —RYEMP. 7. time aftey time FH K, &gt{g 8. could you keep -
the process up forever? {REENIXMTBAEEH THI5? keep upzz'ébntinug.‘ S

9.4n the negative ZE i, 10. They also speculated upon the nature

w

of atoms. s £t T RFHER. speculate upon fE “EHR” B, 1L be ~
cpmpqeed of fy...§pY- 12. thus accounting for the nature of liquids 53&

B TR, thus HEMEESFIEGE, PERSIE YA T B
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© o tile,® alchemy was’ not ﬁultless, for the modern solence of '

3

Unfortunately, Aristotle,! who lived from 384 to 322 B. C.,
and whese writings became the authority of the Mijddie
Ages in scientific matters,? rejected it, and so® the notion
of atoms was in disfavour* for many centuries.” But the

- theory always had its advocates. Epicurus,® who lived

about 300 B. C., cung to® it and Lucretius,’ the

Latin poet, enunciated the’ theory in his famous scientific .

poem, De Rerum Natura, that is,* Concerning the Natiure
~ of Things. It likewie had its followers, though few i -
number,® in the Middle Ages. In 1348, Nlcholas of Ant~
rucia,- who assumed .that physical phenomena could be -

explamed on.the basis ofl® the union and separation of -

atoms, was forced to recant this idea as a piece of
- heresy.!!
The other theory, that . the multxtude of s‘hbstances

" to be seen in the universe were fashioned from a few sim: -

pler substances ¢r elements was favouredi® by Aristotle-
and so became a popular notion in the Middle Ages.: Out -
of Aristotle’s doctrine of the elements grew the fascmatmg
but futile alchemy of the Middle Ages.)* But thougl+ fu-

5

-1. Aristotle ['eristotl] GHRMSM. 2. whose writings became the
‘ ou'chority of the Middle Ages in scientific matters magmmnpw;,yen
B SFIEMBESES A 3. and 50 fiph 4 be in distavour il
(BHER. 5. Epicurus [epilljuorss] PAA. 6. cling Jo . H. 7.
Lucretius [lu"lu'l'flss] ﬁiﬁmﬁﬁ 8. that is HE. 9-few in number H
K LB L. few i&a"?ljt a few FR¥ . 10. on the basis ofﬁg mgg“:,
588, 11. was forced to recant this idea as a piecg of heresy &gg‘mgz
AR BB S, 12, was favoured FHHER. 13. Out of Aristotle’s
doctrine of the elemnents grew the £ 2scinating but futile alchemy of the
Middle Ages MJEW@?%%FI‘J%TJ‘C;E‘}—K FI‘EE&T“F&%’BJ?%EM%
B ARAR. B2kt VL alchemy, [MEE4L grew, out...elements RAREE.
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‘into” another and so the alchemists™ arose,?
. the desire to change iron and other “base” metals® ag
* they called them, into gold. The spirit of mysticism

chemistry had its beginnings in the mystical vapourings

. * » s =

of alchemy. * .
According to' Aristotle, there were four élements:

_ earth, air, water and fire. These were not elements in the

sense that®> we think of cheguical elements today, but

rather were elemental properties. They represented the four *

properties of warmth, cold, dryness and wetness. Earth
was the combination of dryness and cold; water was the
combination of wetness and cold; fire, of% dryness and
warmth; air, of wetnegs and warmth.

. Aristotle imagined that all substances were composed

of ‘some sort.of primordial stuff mixed with various-
amounts of the four elementary properties, The Arabian’

. scientists of the early part of the Middle Ages added three

more elements to Aristotle’s four — sulphur, mercury, and..
salt. Of course,* they did not use these terme as we: do"
tdday. Mercury, they said,  made bodies brilliant, sulphur'
made them combustlble, while salt made them soluble,

It was only natural that such theories should gzve
rise to the idea’ that one substance might be transformed

|}

thrived in the atmosphere of alchemy, and soon its devo-

1. according t6 #JB. 2. in the sense that .. HHEYH. 3- of L}
#M T was the combination. 4. of course %#&. 5. do Q?:ﬁx}'f‘&ﬁg_
X HEANHE do REREMRLNNA it do H( use. 6. It was
only natural that such theories should give ris® to the idea ;XMWMBSIE
TEARMS RXE—/NS. 7. might be transformed ‘into AR R
8. and so the alchemnists arose B A AREHRT. 9. “base” metals B
4 K. 10. philosopher’s stone #f AF. C
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which not only would turn iron into gold, but which
would also* insure perfect health and perpetual youth.?,

The old atomic theory of the Greeks was rev1ved
with® the publication of John Dalton’s* New System of
Chemical Philosophy, in 1808. A forerunner of Dalton,
Joseph Proust,® had estaplished the principle now known
as the “law of definite proportions”,® showing that,any -~ -
chemical .compound” always contained the same chemical T
elements® combined in exactly the same proportions by \(‘x
weight.? Dalton repeated Proust’s experiment and enun- .~
ciated o second law which Proust had not stated, but for *
® . which he had laid the groundwork.X This was _the “law of .

L multlple proportlons” 11 Certain chemical elements: umteH o

" with each other’ to form a variety of'® chemical com~
_pounds. The law of multiple proportions states that when.
this is the case,™ the different amounts of one element, -

g"’by weight, which will unite with a given welght of + ano— .
ther element, will be exact multiples of each other. . .

- From these considerations, Dalton, who was a school-
master in Manchester,® England, formulated his‘.atom,ic :
theory. He .showed that -the law of definite proportions”
could be explaied by assuming'® that each chemical éle-:
merntt was composed of atoms of definite Welght He showed\ .
further that the law of multlple proportions could be'

1. not only ... but (also) Ff{...fH. 2. perpetual youth ﬁ%ﬂ_(ﬁf; .
¥4xRE. 8. with Bis%. 4. John Dalton [/dzon /dorlten] #% - JH/REH.
5. Joseph Proust ['dsouzih 'prutst] #38 £ - & 84H. 6. law of definite
proportions %M. 2. 7. chemical compound {£A#y. 8. chemical element”
fr2et 3. 9. by weight H & 1. 10. for which he had laid the groundwork
 MBSETEMALM. 11, Jaw of multiple proportions fSiEA. - 12. each
] % other 1. 13, a varicty of L8 &R, 14. when this is the case g,zz !

ARXEERyN S, 13, Manchester [‘mant[iste] @RI 16. by assuming
AR ‘
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explained by assuming that an atom of one element mlght
combine with one, two, or more atoms of another ele-

" ment under various conditions. Modern chemistry is based

upon the. atomic theory as laid down! by Daltpn.
This theory was further strengthened and clarified in

1811 by Amadeo Avogadro, the Italian physicist, who

TR

advancted the idea of molecules. According to his vnw, E

the smallest particle o a compound which: colild exist

atom had been used loosely to refer.both to the atoms of

. elements and to their union.t Thus chemists spoke of? .’

- both an atom of hydrogen and® an atom.of water. Ave-
" gadro made the distinction? which is still in ‘use.f The
‘ward “atom” . was reserved for® the particles . comprising
- chemxcal elements, while their union in compounds was .

~ named the “molecule”. Thus, two atoms of hydrogen angd Q

* one of oxygen formed a molecule of water. Avogadro also® -
" a.dvanced the idea, which modern chemists agree Wlth 1

that gaseous elements wefe organized into molecules,

 ‘'was called a “molecule”. Prior to® this time, the word

-

that!* a ‘molecule of hydrogen consisted of a union of *

- two hydrogen atoms, a molecule of oxygen of 'a union af :
two oxygem atoms, and so on.*?

Just as's developments in the field of“ chemistry, led

) 1. as laid down F#E. 2. Amadeo Avogadro ['u' a'demu faryon-
gazdrou] FIEE R - FIR{MEP. 8. prior to fE..{#. 4. had been used,
loosely to refer both to the atéms of elements and to their union K#jm'
WX ATREKNET, LREMNLAY. refor to BRK, #, 5 speak of .
(M@)ig M. 6. both..and ...f1...(#). BE...X.' 7. made the distiné- -
tion B TIXH- 8 in use W%, HIHE. 9. was reserved for U
TR#.... 10. agree with HE. 11 so that (J{7H) WS RADRE

B, MR BT B BT, i H AN, AR

12. andrso on W%, {KH XK. 13 just as . JEAblYy as MFNS so. PR
B, RIRRR so I 14. in the field of {5, fEBA. . MEA-

’ - ' > ‘ R ="‘ A' ‘
8 ‘, . -
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evitably to! the theory of molecules and atoms. so res
search in thé domain of? physics led to the same conclu-
sion. The pionecr chemists regarded heat as® a substance
which they named “caloric”, but as early as the seven-
teenth oentury, such thinkers. as Bacon* and Descartes® |

realized that heat must be a movement of the ultimate . @3

particles composing bodics. In 1738, Daniel Bernouilli® *;)_;

advanced the theory that tife partxcles composmg & gas -
were in vibration. He- suggested that an increase in tem- A

perature merely meant an increase in the vibration of the

" particles. He supposed that the pressure which a gas

exerts upon the walls of its container is merely the snm

- . totalf of the concussions of the md1v1dual partlcles a,gamst

them, *

Bernouxslh s theory furnished a bea.utxful explanatlon B

of what was then known of the behaviour ‘of gases — an
explanation whith we still use today under the name of
the “kinetic theory of gases”.® It explained, for. example,
why heatmg a gas which was not closely confined, 0 caused
the gas to expand. Heating caused the pa:tlcles to

-vibrate with a more violent motion and, therefore, they’

occupied more space. For the same réason, heating a gas
confmed to a. given volume! caused it to exert more pres-

-sure, because the collisions of the. particles became ° ‘thore

frequent and violent. But Bernouilli was a.head of: hls

—— 0

B . ‘
1 led mev1tably to KA 85, to lead to BB IE BIH”. 2

in the domain of 7E...fH#KMA. 3. regard...as #u.. 24{E. 4. Bacon [bel,kn]
1%#. 5. Descartes {dei’ka:t] 4 J{. 6. Daniel Bernouilli [’daen]al bar~
fnusli] fHRR - H/RSE. 7. sum total 2. 8. kinetic theory of ga.ses
SEEF¥ER. 9. for exemple gidn.  10. which was not closely confined -
FRERSHEMAS FE—E2MA) fY. 11, confined to a given volume (@i
EE—EHBRAMN). HifE sas gyEiE. :
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day.}f This was seventy years before Dalton laid the
groundwork for the modern atomic thedry. And so Ber-

- nouilli’s ideas were first ignored and then® forgotten. A

centwry later, they sprang to life* in the mind of ano-

" . ther greal scientist, the British physicist, james Prescott

- Joule,t who had received part of his education from,
Dalton.

* Joule, showed that mechamcal .energy® could ve con- -
verted into® heat and that the amount of heat. developedv

was always exactly proportional to? the amount of me-
chanical work® done. The truth of this dlscovery

to" be found® in every-day life. Suppose you ‘saw a
piece of wood® writh a rapid motion. As a result,*" the taw

~-begins to grow hot.'2 All the familiar phenomena in which A

heat develops as a result of' friction are proofs of “Joule‘s :

law”, as it is called. From the basis of Joule's law, con-
temporarles revived Bemomlh’s theory of gases. Ty

L
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Important Gontributlon to Seience L '

In two of his theses: Onit Infmztely Smail Physwal
Particles, which he'presented to the Russian Academy of
Scxences in 1743 Lomonosov, the great Russian sc:en‘hs‘c -

)

" 1._ was shead of his day iﬁfﬂmﬁﬁiﬁa’]ﬁ‘qﬁ 2. first ... and - then

" WK 3. spring to lifo $itk, K. sprang A spring i

4 ]ames Prescott Jouie ['dseimz Ipreskot 'dzaul] Big: wggﬁﬁ ﬂ‘ ’
: I;I. 5. Tnechanical energy HLMRRE- 6. be converted into BB -

proportxonal ‘to f...XHFing. 8. mechanical work Pbkzy. 9. is to be . , :
found WIRURE. 3 to be fBiLendmsT Lt &5 B A RN R

B, TR @Mx?iﬂ(?“xmﬁ}imﬁﬁjﬁ?) O LA © RN @

BB DUBREEALIR(E “ia”, “ET CRAT BT OMTE. 10, SUppese you saw ‘a

begins to grow hot §i FFF4A%IRT. 13 as a result of BT L0455, 14
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asserted that all matter was made up of' minute material
particles which he called “elements” and “corpuscles”. By
“corpuscles, he meant> compound particles, consisting of
simple particles — “elements”. Now, instead of® “corpuscle”
we use the word molecule and instead of “element” —

atom. It jis remarkable that the difference between the

moleculé and the atom, made clear’ by Lomonosov,* ,was' ,
precisely formulated for the second time at' a special in-
ternational congress of chemists only a hundred years later,

- Lomonosov considered that such properties of substan-

©ces as® colour, smell, specific gravity,® 'etc.,” are deter-
-~ mined by the properties and the type of minute pa.rtxcles,{\
‘and by .their reciprocal arrangement and movement, and
‘since “corpuscles” and “elements” represent infinitely small-. =
bodies, possessing all the properties of an ordinary body,r S

o

o

their motion and interaction follow the general Iaws of
.mechanics. That is the reason why Lomonosov t:oncluded:

- that “inherent preperties of- any minute body can be.ex-

plained by the laws of mechanics”. And as mechamcs, in

its turn,® widely applies mathematical methods, . Lomono-g
sov set himself a very unusual problem for his tlme - ,
'that® of creating “mathematical chemistry”. The solution .
of such a problem would have turned chemxstry from.a
“science depending on*® skill into a precise science o ;

. 1. be made up of .48, 2 by..mean by fzH mean WHEF

ﬁi"&'}ﬂﬁa: fim: What do you mean by “education”? ﬁ'ﬁa‘g “HvE” &ﬁ{ )
- 4B 3. instead of B FE...ML. 4. made clear by Lomonosov. Y

KA FME. ¢ difference gyEE. 5. such..as... §..JEM.. 6 sﬁecﬁic

»l‘tﬂ:ﬂ’l that #({ the problem. 10. depend on &, b\ O § the
gclution of such a preblem would have turned chcmlstry from,..into fﬁ

Zk:éit—% A IEH XELEAM. W2
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One of the greatest bulwarks of the atomic tile’ory

was furnished also’ by the Russian chemist, Dmitri Iva-
novich Mendeleyev, who published his famous “periodic
classification”® in 1869, He showed that when all the che-

[

mical elements were arranged in the ascending order .of

their atomic weights,® there were periodic recurrences of

elements which resembled each other. Thus, for example,
if you started ‘with lithium and counted eight elements

down the list| you came to sodium. Counting another
eight brought you to* potassium. Now, these threé eld -
~ments have many properties in common.® They are all"’
soff whitish metals which react chemically with water -
. with considerable violence. There were a number of pla.ces in

Mendeleyev’s table which could not -be filled,® because no

" elements were then’ known which fitted in.® Mendeleyev

boldly left blanks in his table, predicted that eventually
the ‘missing elements would befound and prophesxed from

" his ‘table what the characteristics of the elements, when
found, would be. With the passage of the years, other E
 chemists discovered élements- which fitted into the gaps?.

in Mendeleyews table and which posscssed the propertles
whxch the tabld demanded that they should.®® ~ “

The- atomic theory was further stren.gthened by the

-

1. one of the greatest bulwarks of the atomic theory was furmshed .

also BT BRI RAEANBR(EHBWRZ L) Z —th By B AR, furnish”
BUR% “BUR™“ %4 2. periodic classification [l 5%k (HPTEEFX AT

#1). 3. atomic weight K-Fi&. - 4. counting another ught brought you,

to MBEAAM (THR)RILKEISLE. 5. many properties in common HEHE

MtER. 6. which could not be filled (RHESREGHY) EE3F M, ¥505 places.

7. then Mpit. 8. fit in §4. 9. fitted into the gaps WS4 TRASE B,

10. which the table demanded that they should (FR#f) RB:R'EM TE)
BRAEH (Eé‘})&’j BRRIER properties; should 5K ]’;ﬁﬁ possess)
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work of the great Swedish chemist, Arrhenius,! who in
1887 put forward® his celebrated theory of “electralytic
dissociation”. Until that time there had been great
difficulty in understanding the behaviour- of selutions
of various salts and other substances in water. He

advanced the theory that when these substances Wére-

dissolved in water, ‘their molecules dissociated
separated into . constituent parts, -which he ca.lled

“jons”. An ion might be a single® atom or a group of* -

atoms, but it alwa.ys dlffered from an atom in the ordi-

nary state in that it showed evidence of being “electrified.’
. It seems to have been the fate of each important advance -

,_ “in atomic. theory to mect with® a cold reception and con-

" ception. But, though his contemporaries at first?, refused " -

i

siderable opposition. This theory of Arrhenius was no. ex-

to accept it, it has now become one of the foundations of
modern physics and chemistry after havmg been com-
bined with Mendeleyev's “chemical theory of solutions”.

" The modern scientist is convinced of? the exmtence of .

.r:molecules and atoms. The molecule is believed to be? so

S

small, however, that® it cannot be seen with the most
~powerful ordinary microscope in existence.! If a d(op of
water were magnified to the size of the earth, the mol&--

A B

1. Arrhenius [s'reinjos] FIZI4n#;.- 2. put forwai"d &;_ﬂ.“ 3.’ a smélé

H—fy. 4.agroup of —y. 5. it alwoys differed from an atbm in.
_the ordinary state in that it showed evidence of being electrified ('E,Q, -

RMBERETORTFRE, RUETETLMABEL) dey differ from,..

CECRLORRY B TR - GE AR WARELE in being clectrified BEEIEE)

ﬁ%ﬁ], f1 of @Al {E evidence @yiERE. 6. meet with B 'f at first @
8. iS convinced of FffE. 9. The molecuie, is believed to be TR#HFR
ERET, R The molecule to be, {IZER is believed. 10. sd...

f?&#’ ) %

- that (Kppt. UK T), that BlEmARK RN, 1. in exitence BEFRHE,
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cules would be about the size of oranges. Perrin,! the fa-

mous French physicist, succeeded in making? oil films less

than- a fifty-millionth of an inch in thickness. Conseéquently
the mélecule must have a diameter less than that. From

~vagious experiments, he concluded that the diameter of -

‘the average molecule is about one 125,000,000th of an.

inch. It is calculated that a - cubic inch of air contains '
800,000, 000 000,000,000 molecules. Since atoms . compnse »

.molecules, they must be still smaller

If molecules and atoms are so small, one mlght a.sk
- why?® the scientist feels so certain of* their existence. Hls‘\_, E

‘ reasons might be grouped into three classxflcathns. First,
by assuming the existence of molecules and atoms, he is

-able to® explain in orderly and logical faghion® a gteat‘

. mass of’ chemical and physical occurrences which other—
. wise would present a hopeless tdngle of unrelated
mena.? Second, no one has yet brought forward® " any

facts ‘which contradict or invalidate the atomic theory. . ' -

Third, there js a certain amount of indirect v15ua.l ewdence“

of the existence of molecules and atoms.

. More than a cenitury ago, in 1827, Rabert Brown,lo thé- -

botamst noticed that microscopic particles suspended in a
hqmd were sub]ect to an megular and mcessant movement M

™~
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and logical fashion HWRAMMIFAFRIBIL. 7. a great mass of HHEEMH.

8. tangle of unrelaied phenomena 7 RMI L4 8 84 EE R B G, 9 brmg fors .

. * ward #2i.  10. Robert Brown ['robat 'braun] g xEig - #hEE. 11 mx(.!u%—‘

copic particles suspénded in a liquid were dafjject to an 1rregular and

incessant mavement A {ELEHEH D RN RT I H0E BURBLING S
1" - :

ey ) M




