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“The eleciron is as inaxhéustible ast
Yhe atom, nature is infinite...” - '*
A V. LENIN

\ CoL U

| ‘A SHORT 'ms'rochL REVIEW
. ',  OF THE ATQMIC THEORY

The Rise of the Atomic Theory

It is a striking fa,ct tha.t- the most remarkable re-
searches ‘of the twentleth centuxy have substantiated two
‘ideas about the nature of matter which the Greek philo~
“sophers fashioned twenty centuries ago. ‘One is the theory

*~_ that® the many thousands of substances which exist in
' the world are formed out of* a small humber of simpler,
substances5 or eléments. The other “theory is that® matter
., 18 constructed out of tmy pa:rucles or umts, the so-galled
%atoms of matter. 4

" . As early as? 400 B.C.} the Greek phxlosopher, Demo-
" critus,.taught that® thie world consisted of*! empty space

and an infinite number of12 sma,ll 1nv151ble pa.rtxcles Mattcr, o

= 1. as...a8 ﬂo JARM... 20 It 15 -that. §$§E:§4‘Mﬁ]ﬁ': ﬁﬁiﬁ? It
is...that fy#EHg. JLALAS that RBE. AFRHTRN. URIHNTRS T

et AR REMEE. T 1t REREER LREE. 3. tht SlEWARM

ff ‘theory SR, HRMENREAR. 4. are formed ot of ... Ky
P 3i3: 5] of=from. '§. simpler subshlpces MR, B3 6. that i@y
 SmMERIK. 7. asearly as flgg. 8. 400 B. C. [bix'six] (=400 years
beforg Christ [bi'fo; 'kraist]) AT H 400 4. 9. Democritus [di/mokritos] ¥
mﬁ:ﬂjﬁ‘r 10. that PR A RMME taught fXFE. 11, consist of #...
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he held,! was formed by the formation of aggregations: -
of these tiny particles. This theory, which perhaps came
into existence® before 400 B. C., later became known_ as?
the® “atomic theo¥? and the particles as “atoms”* be-
cause “atomos” in Greek means “indivisible” or “uncutt--
able”. -~ - t - T ) :
The followers of his theory esked this question: Sup-

" pose® you cut a piece of metal in half; then cut one of
the two resulting pieces in half,® then cut one of those
two resulting pieces in half and continued this process,
time after time;’ could you keep the process up forever?® -
. They answered the question in the negative.® Eventually,
they held, you would have a tiny particle which could’
not be cut. That, they held, was the atom. They also
speculated upon the nature of atoms'® and concluded that
liquids were composed of** smooth atoms which moved

- dbout easily, thus accounting for the nature of liquids,??

- while solids were composed of rough atoms whose surface?
had little hooks by _which the atoms 'clung to*® one .
another. ‘ o o=

Not all the Greeks, however, accepted the theory. .

- N e
1. he held {18235, $#A%). 2. come into existence gv7, H{}. 3. be-
come known as pifrdj. 4. the particles as “atoms” puih as W %M T later
became kmown. 5. suppose fufk. Wik M, suppose fH that B, Fiik
. #§Fl- 6. then cut one of the fwo resulting pieces in balf VRFIRFH AN
Sy — RS, 7. time after time ISR M. 8. could you keep
the process up forever? GRAEEX NI BKZEBE T HE? keep up==continue.
9. in the negative T2, 10. They also speculated upon the nature
of atoms. L B T KT AIMA. speculate upon fE “EH® M. 11 be
composed of mz..gﬁz.'*tz. thus accounting for the nature of liquids 3%
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. ,
!Iortunately, Aristotle,! who lived, from 384 to 322 B. C.,

d whose writings became the . authonty of the Middie

Ages in Scientific matters,? re]ected 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., clung to® it and Lucretius,” the
‘Latin poet, enunciated the theory in his famous’ scientific
poem, De Rerum Natura, that is,®\Concerning the .Nature
of Things. It likewise had its followers, though few in
number,® in- the ’Vhddle Ages. In 1348, Nicholas of -Ant-
rucia, who assumed that physical phenomena could be
explained on the basis of'*. the union and separation of
atoms, was iorced ) recant this idea as a piece of
heresy.t! . . ~
‘ The other theory, that the mu1t1tude of substdnces
to be seen in the universe were fashioned from a few sim-
- - pler substances or ele.m\,nts was favoured’® by Aristotle
" and so became a popular notion in’the Middle Ages \Qut '
-+ of Aristotle’s doctrine of the elements S ggrew: the faccmatzm

~ but futile a.lchemy of the Middle Ages.’®* But though fu-
tile, alchemy . was not frultles=, for the modern science of

'«

it

1 Aristotle ['aenstotl} %E%&ﬁ 2. whose writings became thg
.authority of the Middle Ages in scientific mattérs My fere b -
BRSPS M Ak, 8. and so FPl.. 4 be "in disfavour Wi,
. #®E. 5. Epicurus [,epi’kjusras]’ &ggggg 6. cling to'ju%, WBfF. 7. -
Lucretius [lu:'krizfiss) fAigiseys. 8. that is Hﬂﬁ; 9. few in number B
B ERD. few BFTEE, 2 few &Tﬁt 10. on the basis of 7.0 1,
1k#%... 11. was forced to recant this idea.as a piece of heresy BB f#X
M REAHR FRAES. 12, was favoured FBE.  18..Out of Aristotle’s
. doctrine of the elements grew the fascinating but futile alchemy of the
o Middle Ages MR SBMXTFELOLR REM T b 100 401D
o BRASA. BES, EEL okhemy, IR grew, out..clements BIREE.
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_chemhtry ha,d its betrmnmgs in- the mystical vmour’gs '
of Alchemy o ; ‘ A
_ According to' Aristotle, there .were f3ur elements:’
earth, air, water, and fire. These were not elements in the
sense that? we think of chemical elements today, but’
rather were elemental properties. They 1epresented the four
properties of warmth, cold, dryness and wetn&ss Earth
was the combination of dryness and cold; water was the
combination of wetness and cold; fire, of* dryness and
warmth; air, of wetness and warmth. -
Aristotle imagined that all substances were composedv
of some. sort.of primordial stuff mixed with various
amounts Qf the four elementary properties. The Arabian
scientists of the early part of the Middle Ages added three
more elements to Aristotle’s four — sulphur, - niercury, and

salt. Of course,* they did not use these terms as we do® -

. today. Memnry, they said, made bodies brilliant, sulphur
- made jthem combustxble, while salt made them soluble.

' It was only matural that such theories should glve
rise to the idea® that one substance might be transformed
into? another and so the alchemists arose,® actuated by
the desire to change iron and other “base” metals® as”
- they called them, into gold. The spirit of mystlcism
‘thrived in ‘the atmosphere of alchemy, and soom its devo— :
tees were seeking a mysterious “philosopher’s stone”, 10

1 lao'c_ordingato %M. 2. in the sense tha‘g B B RRRE 30815, ‘ 3. of e
#¥% T was the combination. 4. of course 4R. 5. do %;g:p;@'j’,g%i
K. HEERABEE do Xi‘gﬁﬁ.tﬂiﬂﬁﬁlﬁﬂ"lr H4h do BT use. /6, It was
only natural that such theories' should .give rise to the idea ﬁ&ﬂﬁ%#
REAMEIREAE— A 7. might be transformed into WY HMER,.
8. apd so the alchemists arose Rt HA&REHRT. o -bage” metals [ K
S AR 10 philosophrr’s stone 4 A. )



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 revived
with the publication of John Dalton’st New System of
Chemical Philosophy, in 1808. A forerunner of Dalton,
Joseph Proust,® hadd “established the principle now known
as the “law of definite proportions”,® showing that any
chemical compound’ always contained the same chemical
elements® cormbined in exactly the - same proportions by
weight.? Dalton repeated Proust’s experiment and enun-
‘ciated a second law which Proust.had not stated, but for
which he had laid the groundwork.® This was the “law of
multiple proportions”.!* Certain chemical elements umted
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,
" by weight, which will unite with a given weight of ano-
ther element, will be exact multiples of each other.
#From these considerations, Dalton, who was a school-
master in Manchester,'s England, formulated his atomic
theory. He shepwed that the. law of definite proportions
could be explained by assuming’® that each chemical ele-
ment was composed of atoms of definite weight. He showed
- further that the law of multiple proportions could “be

1. not onmly ... but (also) K{X...fiH. 2. perpetuél youth \ & Kk &,
KhFRE. 3. with 3. 4. John Dalton [/dzon /dtiten] 5% - it /R4K.-
5. Joseph Proust ['dsouzif 'prust] #&k - H LK. . 6. law of definite
proportions FH.E. 7. chemical compound {4, 4%. 8. chemical elcinent
HERLE. 9. by weight BH . 10. for which he had laid the groundwork
B ETEMLEM. 11, Jaw of multiple proportions #1524, 12, each
other $§H. 13, a variety of £ F4RERy. 14, when this is the case X%
"{];ng'eﬁ’gfﬁ&}‘ﬂzj. 13. Manchester ['mentfisto] E4JHits. 16. by assumiug



éxplained by assuming that an atom of one element might
combine with one, two, or more atoms of another ele-
ment under various conditions. Modern éhemistry is based
upon the atomic theory as laid down! by Dalton,
. This theory was further strengthenﬁid and clarified in
1811 by Amadeo Avogadro,> the Itallan physicist, who
advanced the idea of molecules. According to his view;
the smallest particle of a compound which could exist
was called a3 “molecule”.’ Prior to® this time, the word
atom had been used loosely to refer both to the atoms of
elements and to their union.* Thus chemists spoke of°
both an atom of hydrogen and® an atom of water. Avo-
gadro made the distinction’ which is still in use.® The
"~ word “atom” was reserved for® the particles comprising
chemical elements, while their union in compounds was
named the “molecule”. Thus, two atoms of hydrogen and
one of oxygen formed g molecule of water. Avogadro also
' advanced the idea, which modern chexms’cs agree with,*
that gaseous elements were organized into moleculea, so
that!* a molecule of hydrogen consisted of a -union of
“two hydrogen atoms, a molecule of oxygen of a union of
two oxygen atoms, and so on.? \ »
Just as®® developments in the. field of* chemistry led

1. 2s laid down ¥;®%. 2. Amadeo Avogadro [’a:ma’dexou 'a:vou-
rgazdrou] PR - PR NEEP. 3. prior to fE..JA81. 4. had been used
loosely to Tefcr both to the atoms of elements and to thelr union RHH
WX THETEGET, UREMiay. refer to PR, #5. 5. speak of
GE)gT s, 6. both..and ...f0...(#), 8...X. 7. made thé distinc-
tion R TXKH- 8. in use %, BHEF. 9. was reserved for HRHRY
FEiH.... 10, agree with Fg. 11. so that (RmH) LM R MWl R
HIM, :éﬁc#ﬁﬂMﬂﬁ]‘é'f’F I B BT, M ERMRL BBE A
12. and so on %, fkyLAME. 13, just as . HALKY as AT HY so W
K, B3R so 3EH. 14. in the field of fE...f KA, 7E...7LEN- '
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inevitably to! the theory of molecules and atoms,'so re-

search in the domain of? physics led’ to the same conclu-
sion. The pioneer chemists regarded heat as® a substance
which they named “caloric”, but as early.as the seven-
teenth century, such thinkers as Bacon* and- Descartes®
realized that heat@guust be a movement of the wultimate
particlés. composing bodies. In 1738, Daniel Bernouilli®
advanced the theory that the particles composing a 'gas
were in vibration. He suggested that” an increase in tem-

perature inerely 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 sum-

total” of the concussions of the individual particlestagainst

them. °* \

Bernouilli's theory furnished a beautiful explanation

of what was then known of the behaviour of gases — an

explanation which we still use today under the name of

the “kinetic theory of gases”® It explained, for example,?
why heating a gas which was not closely confined,?® caused

the gas to expand. Heating caused the particles to

vibrate with a more violent motion and, therefore, they
occupied more spacc. For the same reason, heating a gas
- confined to @ fiven volumell caused it to exert more pres-
sure, because the collisions of the particles became more
" frequent and violent. But Bernouilli was ahead of his

1. led mev1‘cably to Z:‘I,&tﬁﬁ_%ﬁ( to lead to ﬁ']ﬁ{f},%“ﬁ_ﬁ( BIH”. 2
in the domain of*fr... kM. 3. regard...as ... ¥%4E. 4. Bacon [bexkn].
1. 5. Descartes {det’ka:t] %k JI- 6. Daniel Bernouillj [!deenjel boar-
'nu:li] FHRAR - AREH. 7 swm total Hf1. 8. kinetic theory of gases
o REEFSER. 9. for example Ffy.  10. which was not closely confined
L ARERREENA (E—EAMA) 8- 11, confiaed to a given volume (4R
: E’EE—AE(*E%P‘!E’; ). JfE gos ﬂ’]/:f_ M .‘



" day.l This was seventy years before Dalton laid .the
groundwork for the modern atomic theory. And so Ber-
nouilli’s ideas were [irst "ignored and then? forgotten. A
century later, they. sprang to life} in the mind of ano-
ther great scientist, the British physicist, James Prescott
* Joule,* who had received part -of his#,education from
Dalton. ;
Joulesshowed that mechanical energy could e con-
verted into® heat and that the amount of heat developed
was always exactly proportional to? the amount of me-
chanical work® dohe. . The truth of this discovery is
to be found® in every-day life. Suppose you saw a
piece of “woodl" with a rapid motion.- As a result,!* the saw -
begins to grow hot.!2 All the familiar phenomena in which
heat develops as a result of®8 friction are proofé of “Joule’s
law”, as it is called. From“the basis of Joule’s law, con-
temporaries revived Bernouilli’s .theory of gases.

Important Contrlbutxon to Science

. In two of his theses: .On** Infinitely Sriall Physical
« Particles, which he presented to the Russian Academy of
Sciences ‘in 1743, Lomonospv, the great Russian scientist,

’
”

1. was ahead of bis day EZEMLAYRRAIRITG. 2. first ... and then .
HHkh...Jak. 3. spring to life {4, FiE. sprang £ spring gyt :HEa.
4. James Prescott Joule ['dzeimz ’preskot 'dzoul] Zid- - L BIR K- 4 .-
H. §. mechanical energy #lAE. 6. be converted into @M. 7.
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asserted that all matter was made up of?! mlnute materlal
particles which he called “elements” and “corpuscles”. By
“corpuscles,, he meant? - compound particles, consisting of
simple particles — “elements”. ‘Now, instedd of® “corpuscle”
~we use the word molecule and instead of “element” —
atom. It is remarkable that the difference between the
" molecule -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 ‘partioles,
and by their reciprocal arrangement and movement, and
since “g:orf)uscles” and “elements” represent infinitely smalt
bodies, possessing all the properties of an’ ordinary body,
their motion and interaction follow the geperal laws of
" mechanics. That is the reason why Lomonosov concluded
that “inherent properties of any minute body can be ex-
plained by the laws of mechanics”. And as mechanics, in
its turn,’ widely applies mathematical methods, Lomono-
.sov set himself a very unusual problem for his time —
that? of creating “mathematical chemistry”. The solution
of such a problem would have turned chemistry frem a
science depending on'® skill into* a precise science. ’

7+ 1. be made up of H...485%. 2. by..mean by fuzji mean T
 FriRpyR&R, fifn: What do you mean by “educatjon”? RN “BE” B
4.3 8?3 instead of #H({; RE...mR. 4. made clear by Lomonesov it
355, F difference Q’Jﬁﬁg 5. such...as... ... 38kEHY... 6. specific
gravity . 7. etc. (et cetera [it'setro] pyNgiE) %%, 8. in its turn X.
9. that P HTREEMN, HHS that (SR those) JAHRAEIN 4,
- Jhbfy that 4t the problem. 10. depend on fk#, PugF. 1L the
‘ solution of such a problem would have turped chemistry from...into fi# .
R e B KT Y
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One of the greatest bulwarks of the atomic theory
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 startedﬁ with lithium and counted eight elements
down the list,” you came to sodium. Counting another
eight brought you to* potassium. Now, these three ele-
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 places 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 be found and prophesied from -
his table what the characteristics of “the elements, when
found, would be. With the passage of the years, other.
chemists discovered elements which fitted into the gaps®
in Mendeleyev’s*table and which possessed the properties
which the table demanded that they should.!

" The atomic theory was further strengthened by the

" = . . 5

1. one of the greatest bulwarks of the atomic theory was furnished
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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 solutions

of various salts and other substances in water. He
advanced the theory that when these ssubstances were
dissolved in water, their molecules dissociated or
separated into constituent parts, which he called -
“ions”. An ion might be a single® atom or a group' of*

iatoms, but it always differed 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 meet with® a cold reception and con-
siderable opposition. This theory of Arrhenius was no ex-
ception. But, though his contemporaries at first” refused
to accept it, it has now become one of the foundations of

‘ modcrgz physics and chemistry after having been com-

bined with Mendeleyev’'s “chemical theory of solutions”.

The modern scientist is convinced of® the existence of

molecules and atoms. The moiecule is believed to be? so

. small, however, that'® it cannot be seen with the most
- powerful ordinary microscope in existence.** If a drop of

water were magnified to the size of the earth, the mole-

. 1. Arthenius [of'reinjos] BIFUiLHT. 2. put forward #iH. 3. a single
1‘;1--3‘] 4. a group of —ftfy. 5. it always dlffered from an atom in
the ordinary state in that it showed evidence of beml., electrified (24
REMBERE FORTFAA, RUETET@NAM L) &6y differ from..
(6“0 AR B, TEWS— BRI AT TIR in; being clectrified waﬁjﬁqfﬂ
&%, fn of Al 1k evidence WyaZFE: 6. meet with JF. 7. at first sk,
8. is convinced of #fg. 9. The molecule is believed .to be WA

L ;_‘—-;(ﬁnn, eibFEE L The molecule to be, H#K is believed. 10. so,..
_that (XA LIBCT), that Sliefy R4 R M. 11, in exitence BTEFHAY,

TRy
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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. Consequently’
the mélecule must have a diameter less than that. From

- various experiments, he concluded that the diameter of -

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

inch. It is cdlctlated that a cubic inch of air contains

800,000,000,000,000,000 molecules. Since atoms comprise
molecules, they must be still smaller. '

If molecules and atoms are so small, ane might ask
why? the scientist feels so certain of* their existence. His
reasons might be grouped into three classifications. First,

by assuming the existence of molecules and atoms, he is

able to® explain in orderly and logical fashion® a great
mass of?’ chemical and physical occurrences which other-
wise would present a hopeléss tangle of unrelated pheno-
mena.® Second, no one has yet brought forward® any

_facts which “contradict or invalidate the -atomic theory.

Third, there is a certain amount of indirect visual ev1dence .
of the existence of molecules and atoms.

More than a century ago, in 1827, Robert Brown,'® the
botanist, noticed that microscopic particles suspended in a
liquid were subject to an irregular and incessant movement.*

1. Perrin ['peren] H23%. 2. succeeded in making mMIyMPMMRT. 25
.. HE®RYH T 3. one might ask why AARRAMN{t4. one RAEAT
R#EFFEMA, SLibEETE, #lm One never knows AMKERSHH
might RHEHH. FRHW, PGS “TTR”, “U” M. 4. certaintof %
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ward 4. 10. Robert Brown [/robat /braun] pesii~ #pl. 11. micros-
copic particlés suspended in a liquid were subject to an irregular and

incessant movement BB R B LT R it 52 BRI S5
14

¢



