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PREFACE

VY4eOHO-TIpakTUUeCKOoe MOCOOME TMOCTPOCHO IO TEMATHUYECKOMY
MPUHIMITY W BKJIIOYAET TEKCTHI, COJEPKAHUE KOTOPBIX COOTBETCTBYET
TeMaM, MNPEeAYyCMOTPEHHBIM YUY€OHbIM IUIaHaM W pabouel Mmporpammoit
nucuuiuinHel: «Mctopust Xxumum», «XUMUYECKHME TEOPUM M 3aKOHBD»,
«BeuiecTa U COEIUHEHUS» U IP.

VY4ebHo-mpakTHUecKoe mocoOue nMeeT YETKYIO CTPYKTYPY U COCTOUT
U3 JIEBATH MOJAYJIEH, BKIIOYAIOMIUX TEKCThl JUISI HW3Y4YaloUIEro M
O3HAKOMMTEJIHOTO UTEHUS: JIBA TEKCTa A — JIJI1 U3y4YalOlIEeTO YTEHUsI, 1Ba
TekcTa B — W1t 03HAKOMUTENBHOTO YTeHHs. Kaxxaplil MOAyNb IIpeaBapsier
TEMATUYECKHI CIIUCOK CJIOB ISl aKTUBHOT'O YCBOCHUSI M TIOHUMAHUS TEKCTA
A; OpeATEeKCTOBBIE M TMOCIETEKCTOBBIC YIPAXKHEHUS NIPEAyCMATPUBAIOT
paboTy ¢ TEPMHUHOJOTUYECKUM CJIOBapEéM TOCOOHWSA, a TAaKKE IMPOBEPKY
MOHUMaHUS MPOYUTAHHOTO. TekcThl B Takke cHaAOXKEHBI YNPaKHEHUSIMH,
CIIOCOOCTBYIOIIMMU BBIPAOOTKE HaBbIKa 00OOIIEHHS M KOMIIPECCUH TEKCTA.
B mocobun Takxe mpenacTaBieHbl TEKCTHI ISl IOMOJTHUTEIBHOTO YTEHUS.



Unit I
FROM THE HISTORY OF CHEMISTRY

I. Remember the following words and words combinations from
the text:
1. to stick things — npukpenIsTe MaTepuaibl
2. notion of atomic structure — MOHATHE ATOMHOM CTPYKTYPBI
3.to form a rational philosophy — chopmupoBarh panroOHAIbHYIO
bunocoduro
4.urgent implications of atomic power sources — HEOTJOXHBIC
NOCJIEACTBUSI ICTOYHUKOB aTOMHON SHEPTUU
5. to attack any course — Bo37eiiCTBOBaTh Ha J1000€ HAIIPaBICHUE
6. web of concepts and attitudes — ceTh KOHIETIIINI U B3TJISI0B
7.scaffolding of empirical facts — moakperuieHHE SMIUPUYECKUX
bakToB
8. to gain knowledge — mpuoGpecTu (MOIyUnTh) 3HAHUS
9. acquisition of culture materials — mpuoOpereHrne KyJIbTypHOTO
MaTepuana
10. to sink materials below the level of recall — omyctuth MaTepuan
HUXKE YPOBHS 3aTIOMUHAHUS
11. to develop skills — pa3BuBaTh HaBbIKU
12. reference literature — cmpaBouHas aTuTEpaTypa
13. unique value — yHuKaJIbHasl ICHHOCTh
14. to lean the structure and behaviour of the mater — wuzyuuth
CTPYKTYpY U MOBEJICHUE BEIIECTBA
15. off-hand knowledge — wumnpoBu3MpoBaHHBIE SKCOPOMTOM, O€3
MOJITOTOBKH 3HAHUS
16. to call up — BBI3BIBaTH B TaMSITH
17. edifice — cucrema B3rJIA00B

II. Give the Russian equivalents for the following:
notion of atomic structure, unique value, empirical facts, behaviour of
the matter, level of recall, complex of attitudes and ideas, to use after



graduation, to be of primary importance, off-hand knowledge, a good deal
of knowledge.

II1. Give the English for the following:

chopMyIupoOBaTh pallMOHAIBHYIO (PuiIocoduio, BO3ICHCTBOBATh Ha
ar000€e  HampaBJIeHME,  ypOBEHb  3allOMUHAHUS,  MOJKPEIUICHHE
OMIIUPUYECKUX (DAKTOB, pa3BUBATh HABBIKH, CIPABOYHAS JIUTEPaATypa,
U3y4aTh CTPYKTYpPy W TIOBEIICHHE BEIECTBA, 3Haue€HUE oOpa3oBaHUs, HE
UMIIPOBHM3UPOBAHHAS  HMHPOpMANMs,  MNPUOOPETCHHE  KYJIbTYpHOTO
MaTepuarna.

IV. Translate the following sentences into Russian:

1. The notion of atomic structure is of prime importance in chemistry.

2. The meaning of education lies in the web of concepts and attitudes
about the reality.

3. A man has a million facts in his head.

4.In the course of chemistry students learn the structures and
behaviour of matter.

5. The course of chemistry helps understand scaffolding of empirical
facts.

V. Translate the following sentences into English:

1. 3HaHUsg XUMHUU MOXXHO HCIIOJIb30BaTh Ha MPAKTHUKE B HAyKe U B
TEXHUKE, a TAK)KE B UCKYCCTBE U JIUTEpaAType.

2.HecMOoTpss Ha 3HaHHMS XUMHH, TOJYYECHHbIE B YHHUBEPCUTETE,
CTYACHTHI TaK)Ke JOJDKHBI MOJIb30BATHCS CIIPABOYHOM JIUTEPATYPOH.

3. B ocHOBe pannoHanbHON pusiocopun COBPEMEHHOT0 00pa3oBaHuUs
JICKUT TMOHUMAHUE TOCJIEACTBUM HUCIOJIb30BAHUSI MCTOYHUKOB ATOMHOM
SHEPIUH.

4. UMOpoBU3UpPOBaHHBIE 3HAHUS SIBJISTFOTCS HUCTOYHUKOM
JOTIOTHATEILHON MH(GOPMAIUH TSI CTYJACHTOB.

5. MOXXHO JIeTKO BOCCTAHOBHUThH 3HAHUS, HAXOJAIIUECS BHE YPOBHS
3aMoOMUHAas, U3y4asi XUMHIO.



VI. Translate the following sentences, paying attention to Perfect
Tenses:

1. We have called education the complex of attitudes and ideas.

2. The student who has had one year of chemistry remembers no detail
after a few months.

3. The edifice we call education has been erected quite recently.

4. Material which has sunk below the level of recall may be easily
relearned.

5. The edifice we call education has been erected due to study of
chemistry.

VII. Read the text bellow and find out information about the
history of chemistry.

Text 1A
Why Study Chemistry?

Certainly, the student who has had one year of chemistry remembers
virtually no detail after a few months. The things that stick will generally
include some notion of atomic structure, and this information will be of some
help to the individual in forming a rational philosophy and in understanding
the very urgent implications of atomic power sources; but if this is to be all
the student gains we may well be troubled.

It is easy to attack any specific course as contributing little or nothing
that the student will use after graduation. However, the huge reality and
meaning of education lie precisely in that web of concepts and attitudes
which have no meaning without factual detail. It is of no importance that the
scaffolding of empirical facts disappear after the edifice we call education
has been erected.

It is not wise to press the analogy too far. Besides this complex of
attitudes and ideas we have called philosophy, or education, there is
necessarily gained by the student a good deal of knowledge which might be
characterized as off-hand knowledge in the sense that it is immediately
present and usable whenever called up. Such is the knowledge the engineer
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uses in the practice of engineering and his information in the arts and
literature which he may use in ordinary conversation. This immediately
available information is tool and culture material and its acquisition is
defensible.

But what of that information which has been lost unused, is other than
scaffolding? The answer is that it has not been lost. Material which has sunk
below the level of recall may be much more easily relearned and understood
than brand-new material. The foundations have been built and lie in
readiness for the possible time when a particular skill is to be developed.
This non-recall information is thus not useless, even though a great part of
it be unused. It might be pointed out that even tool information is largely
sunk below the level of recall. Especially in chemistry, though a man has a
million facts in his head, he still needs the reference literature.

The unique value of a course in chemistry is that it is the only course
taken by the great majority of students in which they learn the structure and
behaviour of the matter of which their environment is composed. Each
knowledge is of primary importance in the development of any realistic
philosophy or the understanding of nature.

VIII. Answer the following questions about the text:
1. Does the student remember everything he lerans?

2. What may any specific course be criticized for?

3. What kind of knowledge does the student gain?

4. What may be the example of off-hand knowledge?

5. What is the use of information which seems to be lost?
6. What is the unique feature of a course in chemistry?

IX. Fill in the blanks which information taken from the text:
1. The things that stick will generally include some

2.1t is easy that the student will use after graduation.
3. The meaning of education lies in :

4. A good deal of knowledge may be characterized as

5. A particular skill in is developed.



X. Read the text, try to get it as a whole.

Text 1B
The History of Chemistry

There are five periods in the history of chemistry. The ancient period
comprising the older civilizations of China, India, Greece, and their
contemporaries to 350 A. D. developed practical arts as in Egypt, and a
philosophical approach to the study of matter as in Greece, where a theory
of numbers, an atomic theory, and a theory of five elements, earth, air, fire,
water and the quintessence were proposed.

The alchemical period (350-1500), of which the principal goals were
an elixir of life and the philosopher's stone by which base metals could be
changed to gold, introduced pure substance and improved techniques.

[atrochemists (1500-1650) devoted their chemical pursuits to
alleviation of disease. During the phlogiston period (1650-1774) men
postulated a hypothetical matter whose presence was required for
combustion and calcination. Gain in weight by calcination of metals led to a
search for a very light material and subsequent discovery of gases, one of
which was oxygen, and the answer to the problem. This is the date when
modern chemistry begins.

When qualitative and quantitative analysis had identified enough pure
substances, inorganic chemistry grew in scope. Organic chemistry was little
understood until 1828 when synthesis of urea by Friederich Wohler (1800-
1828), a German chemist, proved that the "vital force" which was considered
imperative to produce compounds that occurred in living matter was not
needed.

Meanwhile reliable physical and chemical measurement began with
the laws of Boyle (1660), Charles (1785), Gay-Lussac (1808) and Dalton
(1807). Dalton's atomic theory (1807), postulated after the laws of the
conservation of mass and definite proportions were tacitly assumed,
stimulated the 19th-century effort to determine accurate atomic weights,
ideas for combination as expressed in valence, and the studies of molecular
structure until the three-dimentional models appeared.
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Gradual determination of physical properties of the elements indicated
a periodicity of property expressed by the periodic law which has withstood
the onslaught of the discovery of the subatomic particles which make up the
nucleus and outer electrons of the atom.

XI. Find answers to the following questions in the text:

1. How many periods are there in the history of chemistry?

2. What are these periods?

3. What do you know about the ancient period?

4. What were the principal goals of the alchemist period?

5. What was the period of iatrochemistry devoted to?

6. Why is the period between 1650 and 1774 called the phlogiston
period?

7. When does modern chemistry begin?

8. What stimulated the development of chemistry in the 19" century?

9. What investigations led to the discovery of the Periodic Law?

XII. Find sentences characterizing the following:

1. alchemists devoted their efforts to a search for the philosopher’s
stone;

2. the first period of the development of chemistry is the ancient period
(until 350 A. D.);

3. characteristics of the phlogiston period;

4. the period of beginning modern chemistry;

5. molecular structure period.

Text 2A
The World’s Greatest Chemist

I. Remember the following words and words combinations from
the text:

1. history-making contribution — BkJ1ai B UCTOPHIO

2. characteristic feature — xapakTepHas yeprta
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3.to develop into different directions — pa3BuBaTbCi B pa3HbIX
HaIPaBJICHUSX

4. to predict in advance — nipeicka3ath 3apaHee

5. undiscovered elements — HEOTKPBITHIE AIIEMEHTBI

6. to owe to smth — ObITH 00sI3aHHBIM

7. fission of uranium nucleus — agenenue aapa ypana

8. to obtain elements — MOJyYUTH 37IEMEHTHI

9. to bear the name — HOCUTD UM

10. to lay the foundation — 3anoxuTh GyHIaAMEHT

11. to draw special attention to — oOpaTuTh 0CO00€ BHUMaHUE HA

12.  to retain key capacity — COXpaHUTh KIFOU€BOW MOTEHIIAAT

13. to commemorate — MOYTHUTH MTAMSTh

14. underwater ridge — moaBOAHBIN XpeOET

15. explorer of nature — uccnegoBaTenb TPUPOIBI

16. immortality — Oeccmeptue

17. lasting heritage — mpouHoe Hacienue

18. to serve society — CITy>KUTb OOIIIECCTBY

19. to do one’s best — crapaThcs M30 BceX cuil (caeiarh BCE
BO3MOYKHOE)

20. dreams have come true — MeUTHI OCYIIECTBUIUCH

21. to intensity the development of — uaenTHdULIKEPOBATH pa3BUTHE
HAyKW, TEXHUKU U TPOMBIIIIICHHOCTH

22. to deal with the problem — cnpaBuThCs ¢ IpobIIEMOif

II. Give the Russian equivalents for the following:

the greatest chemist, the periodic system of the elements, to predict in
advance, to lay the foundation of smth, to deal with the problem, to do one’s
best, the structure of matter, to devote efforts to teaching, spread of
knowledge, to draw special attention to.

II1. Give the English for the following:

U3y4YeHHUE NPUPOIbI, MEUTHI OCYLIECTBUINCH, OOpaliaTh BHUMaHHUE Ha
YTO-TM00, HOCUTh HMMsI KOro-In00, pa3pyliaTrbCsi CO BPEMEHEM, OCHOBBI
M3YUYCHHS BEIIECTB U MX COCTABA; BCEPOCCUUCKUM MHCTHUTYT, 3aHUMAThHCS

11



aCTPOHOMMUEH, UCCIIEN0BATEID MPUPO/IBI, AKOHOMHUYECKOE u
IIPOMBILIIIIEHHOE pa3Butue Poccum.

IV. Translate the following sentences into Russian:

1. This century has seen great changes in science and life of people.

2. The all-Russian Chemical Society bears the name of Mendeleyev.

3. Mendeleyev tried to do his best for the economic and industrial
progress of Russia.

4. Mendeleyev successfully dealt with the problems in mathematics,
astronomy, meteorology, philosophy, economics and art.

5. Since its discovery the periodic system of chemical elements has
long served as greatest contribution to the study of nature.

V. Translate the following sentences into English:

1. Ilepnognueckas cucrema JI.11. Menneneesa crana uzBectHa B 1869
roay.

2. OHa 1o3BoJInjIa 3apaHee MPeCKa3aTh CYIECTBOBAHUE U CBOMCTBA
HECKOJIbKUX 3JIEMEHTOB.

3. 1.1. MeHnneneeB — OCHOBAaTelb COBPEMEHHOW XUMHM H, B
3HAUYUTETFHON CTENEHU, COBPEMEHHOMN (U3HKHU.

4. OH nocBATUI ce0s1 U3YUEHUIO PUPOJIBI.

5. B HacTosiiee Bpems nepuoanyeckas Tabauia CUiIbHO OTINYaeTCs
OT nepuoauueckoi Taonuisl 1869 roxa.

VI. Translate the following sentences into Russian and Define the
Tenses.

1. Mendeleyev places work as an explorer of nature at the first place.

2. He also devoted much of his effort to teaching.

3. The Mendeleyev system has served for almost 100 years as a key to
discovering new elements.

4. Mendeleyev drew his colleagues special attention to uranium (No.
92) which at that time had closed his periodic table.

5. The ideas of many outstanding researches originate from the
periodic law.
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VII. Read the text bellow and find out information about
Mendeleyev and his discovery.

Text 2A
The World’s Greatest Chemist

The periodic system of the chemical elements by Mendeleyev has long
since served as the greatest history-making contribution to the study of
nature. As any work of genius it shows two characteristic features: it adds
more to the present knowledge, and it fruitfully develops along different
directions in future.

It allowed to predict in advance the existence and properties of yet
undiscovered elements. Many outstanding researchers owe to it, to a
considerable degree, the ideas of their experiments, calculations, hypotheses
and theories. Take, for example, the German Otto Hahn, who discovered the
fission of the uranium nucleus. Or the American Glenn Seaborg who led a
group of researchers that obtained, in laboratory conditions, a number of
elements, including mendelevium, named in honour of Mendeleyev. That
element bears the name of the great Russian scientist not only because
Mendeleyev laid the foundation of the modern science of atom, but also
because he drew his colleagues' special attention to uranium (No. 92), which
at the time had closed his periodic table. A long train of transuraniums
followed the once “final” uranium.

“The Mendeleyev system has served for almost 100 years as a key to
discovering new elements,” Seaborg wrote in 1955. It has retained its key
capacity until now.

To commemorate Mendeleyev himself, the Soviet researchers named
many newly discovered things on the earth or in the outer space after him: a
crater on the "back" side of the Moon, an underwater ridge in the Arctic
Ocean and the mineral mendeleyevite. Villages, streets and establishments
such as the Moscow Institute of Chemical Technology, the Tobolsk
Pedagogical Institute, the All-Russian Institute of Meteorology, the Museum
of the St. Petersburg University building (where the scientist lived), the All-
Russian Chemical Society, etc. have got Mendeleyev's name.
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Mendeleyev, the explorer of nature, has found real immortality in his
lasting heritage. The periodic system hasn't crumbled with time; on the
contrary, its structure has expanded. At present it is the basis of modern
teaching on substances, the structure of matter, atoms and nuclear energy.

“The greatest chemist of the world” this is Mendeleyev's fame among
modern chemists. Yes, he, the founder of modern chemistry and, to a large
degree, of modern physics, considered physical chemistry his main subject,
while he successfully dealt with problems in different areas, from
mathematics and astronomy to meteorology, from philosophy to economics,
from technology to art. “He has penetrated everywhere”, the great Russian
poet Alexander Blok once said.

Mendeleyev's notes on “three services to the Motherland™ are quite
interesting. He places work as an explorer of nature at the first place. He
devoted himself to it. He tried to make his experimental and theoretical
results serve society. He also devoted much of his effort to teaching, to the
spread of knowledge. Finally, the third important task in Mendeleyev's life
was to do his best for the economic and industrial progress of Russia.

Mendeleyev's dreams have come true. As long as seventy years ago
the British magazine Nature (of February 24, 1934) wrote that in Russia
scientists like Mendeleyev are valued and their works help to intensify the
development of science, technology and industry.

VIII. Answer the following questions about the text:

1. Why is the periodic system by Mendeleyev valued so much?

2. Why does the element No. 101 bear Mendeleyev’s name?

3. Has the periodic table changed with time? In what way has it
changed?

4. What information is it possible to get from the periodic table of
elements?

5. What does the periodic law state?

6. Was Mendeleyev a man of wide interests? Prove it.

IX. Fill in the blanks with the information from the text:
1. D.I. Mendeleyev laid the foundation
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2.He of chemists to uranium.

3. Mendeleyev devoted much of his efforts to :

4. There are many in Russia which have got Mendeleyev’s
name.

5. Mendeleyev which problems in different areas from
mathematics and astronomy to meteorology, from philosophy to economics,
from technology to art.

X. Read the text, try to get it as a whole.

Text 2B
The History of the Periodic Table

The final and most important step in the development of the periodic
table was taken in 1869, when the Russian chemist Dmitry Ivanovich
Mendeleyev (1834-1907) made a thorough study of the relation between the
atomic weights of the elements and their physical and chemical properties,
with special attention to valence. Mendeleyev proposed a periodic table
containing seventeen columns, resembling in a general way the present
periodic table without the noble gases. In 1871 Mendeleyev revised this
table and placed a number of elements in different positions, corresponding
to revised values of their atomic weights.

The “zero” group was added to the periodic table after the discovery
of helium, neon, argon, krypton and xenon by Lord Rayleigh and Sir
William Ramsay in 1894 and the following years.

The periodic law was accepted immediately after its proposal by
Mendeleyev because of its success in making predictions with its use which
were afterward verified by experiment. In 1871 Mendeleyev found that by
changing seventeen elements from the positions indicated by the atomic
weights which had been accepted for them into new positions, their
properties could be better correlated with the properties of the other
elements.

Most of the elements occur in the periodic table in the order of
increasing atomic weights. There still remain, however, four pairs of
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elements in the inverted order of atomic weight; argon and potassium (the
atomic numbers of argon and potassium are 18 and 19, respectively, whereas
their atomic weights are 39.948 and 39.098), cobalt and nickel, tellurtum
and 10dine, and protactinium and thorium. The nature of the isotopes of these
elements is such that the atomic weight of the naturally occurring mixture of
isotopes is greater for the element of the lower atomic number in each of
these pairs than for the element of higher atomic number; thus, argon
consists almost entirely (99.6%) of the isotope with mass number 40 (18
protons, 22 neutrons), whereas potassium consists largely (93.4%) of the
isotope with mass number 39 (19 protons, 20 neutrons). This inversion of
the order in the periodic system, as indicated by the chemical properties of
the elements, from that of atomic weight caused much concern before the
atomic numbers of the elements were discovered, but has now been
recognized as having little significance.

A very striking application of the periodic law was made by
Mendeleyev. He predicted the existence of six elements which had not yet
been discovered, corresponding to vacant places in his table. Three of these
elements were soon discovered (they were named scandium, gallium, and
germanium by their discoverers), and it was found that their properties and
the properties of their compounds are very close to those predicted by
Mendeleyev.

After helium and argon had been discovered, the existence of neon,
krypton, xenon, and radon was clearly indicated by the periodic law, and the
search for those elements in air led to the discovery of the first three of them;
radon was then discovered during the investigation of the properties of
radium and other radioactive substances.

XI. Find answers to the following questions in the text:

1. When did Mendeleyev present his periodic system?

2. Were there noble gases in his periodic table?

3. Why did Mendeleyev revise the table?

4. What elements are there in Group “O”?

5. How are the elements arranged in the system?

6. Why are there elements in the inverted order of atomic weight?
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7. What was the striking application of the Periodic Law made by
Mendeleyev?

8. What discoveries verified Mendeleyev’s predictions?

9. Is the Periodic Law widely applied by chemists? Prove it.

XII. Find sentences characterizing the following:

1. Mendeleyev made a thorough study of the relation between the
atomic weight of the elements and their physical and chemical properties;

2. Mendeleyev revised his table;

3. the date of the acceptance of the periodic law;

4. arrangement of elements in the periodic table;

5.four pats of elements arranged in the inverted order of atomic

weights.
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Unit 11
THEORIES AND LAWS

I. Remember the following words and words combinations from

the text:

1. to explain facts — 0OBSCHATH (HAKTHI

2. to correlate facts — cooTHOCUTB (DaKTBI

3. to subject hypothesis to tests — moaBeprarb runoTe3y MpPOBEpKe
4.to agree with the results of experiment — corjacoBbIBaTbCA C

pe3yJbTaTaMu SKCIEPUMEHTA

5. to involve some idea — BKJIFO4aTh UIEIO

6. summarizing statement — 3aKJIFOUUTEIILHOE YTBEPKICHHE

7. the law of the constancy of the angles — 3axoH mocTosiHCTBa yTJI0B

8. faces of crystals — rpanu kpuctanna

9. to measure the angles — u3mepsTh yrisi

10.
11.
12.

MOPsJIKE

13.
14.
15.
16.
17.
18.
19.
20.

pure substance — 4KCTOE BEIIECTBO
to have the same value — uMeTh OJMHAKOBBI 3HAYCHUS
to be in a regular order — pacnonararbcsi B OIpeaeIEHHOM

Sense — 3HaYeHue
to verify a hypothesis — moaTBepxarh runore3y
systematic body of knowledge — ocHoBHas 9acTh 3HAHUN
to compound facts — coequHATH PakThb

to interpret — UHTEPIIPETUPOBATH (TOJIKOBATH)

in terms of — Ha OCHOBE, HCXOMS U3

properties of substance — cBo¥icTBa BEIIECTB

atomic structure — aToMHasi CTpyKTypa

II. Give the Russian equivalents for the following:
to verify a hypothesis, to compound facts, to correlate a number of

facts, summarizing statement, a law of the constancy of angles, pure

substance, to have the same value, a body of knowledge, to explain facts,

atomic theory of crystal
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II1. Give the English for the following:

Pl OKCHEPUMEHTOB,  AKCIIEPUMEHTAJIbHOE  TOJTBEPXKIACHHE,
BKJIIOUYATh B C€0s1, BCEJICHHAS!, YTOJ MEX/y TPaHSIMU KpHUCTaJllla, HA OCHOBE,
U3MEPATh TPaHU KPUCTAILIA, COCTOSITh U3 aTOMOB, Pa3IMYHbIC BEIIECTBA,
COTJIaCOBBIBAThCS C PE3yJIbTaTaMu

IV. Translate the following sentences into Russian:

1. A theory usually involved some ideas about the nature of some part
of the Universe.

2. The periodic law represents a summarizing statement about the
properties of the elements.

3. The atomic theory explains and interprets the facts of terms of
atoms.

4. The scientists verified the hypothesis and it became a theory.

5. A hypothesis usually explains or correlates a number of facts.

V. Translate the following sentences into English:

l.3ak0H — D3TO Tako€ YTBEPKICHUE, KOTOPOE CYMMHPYET
HaOJII0aeMBbIe SKCIIEPUMEHTATIbHBIE (DaKTHI.

2. Teopust na€T SKCHEPUMEHTAIbHO MOATBEPKAEHHBIE OOBICHEHHUS
(bakToB.

3. Korna skcnepuMeHThI AHCTBUTEIHHO MOATBEPKAAI0T KaKy0-TH00
TUIOTE3Y, Mbl OOBIYHO HA3bIBAEM €€ «TEOpUeH».

4. Y4eHble 3HAIOT MHOTO TUIIOTE3, KOTOPbIE CTalIM TEOPUSIMHU WU
3aKOHaMH.

5. X¥MUKHU LIHAPOKO NOJIB3YKOTCS aTOMHOU TEOPUEH.

VI. Translate the following sentences, paying attention to the
Model Verbs:

1. We can subject hypothesis to further tests.

2. Chemists may find explanation of structure of substance in the
atomic theory.

3. We must explain the properties of substances in terms of their
atomic structure.
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4. Atomic theory can be regarded as the main one in chemistry.
5. In the anomic theory scientists describe facts that can be explained
in terms of atoms.

VII. Read the text bellow and find out information about the
theories and laws in chemistry.

Text 3A
Hpypothesis, Theories and Laws

When we find that an idea explains or correlates a number of facts, we
call this idea a hypothesis. We can subject it to further tests and to
experimental checking of deductions. If the hypothesis continues to agree
with the results of experiment, we call it a theory or a law.

A theory, such as the atomic theory, usually involves some idea about
the nature of some part of the Universe, a law represents a summarizing
statement about observed experimental facts. For example, there is a law of
the constancy of the angles between the faces of crystals. The law states that
whenever we measure the angles between corresponding faces of various
crystals of a pure substance, they will have the same value. It does not
explain the fact. We find an explanation of the fact in the atomic theory of
crystals, the theory that in crystals the atoms are in a regular order.

Chemists and other scientists use the word “theory” in two different
senses. The first meaning of the word is the meaning described above.
namely, a hypothesis that has been verified. The second use of the word
“theory” is to represent a systematic body of knowledge, compounded of
facts, laws, theories, deductive arguments and so on.

Thus, by the atomic theory we mean not only the idea that substances
consist of atoms, but also all the facts about substances that can be explained
and interpreted in terms of atoms and the arguments that explain the
properties of substances in terms of their atomic structure.

VIII. Answer the following questions about the text:
1. What is a hypothesis?
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2. Do you know what a law is?

3. What is a theory?

4. What theories do chemists use in their work?

5. What do we mean by atomic theory?

6. When did you hear about the atomic theory for the first time?

IX. Fill in the blanks with the information from the text:
1. A hypothesis usually explains or correlates

2. we mean that substances consist of atoms.

3. If a hypothesis with the results of experiments we call a
theory as a law.

4. A law represents a about observed experimental facts.

5. There is a law of between the faces of crystals.

X. Read the text, try to get it as a whole.

Text 3B
The Atomic Theory of Democritus and Dalton

The Greek philosopher Democritus (about 460-370 B.C.) who had
adopted some of his ideas from earlier philosophers, stated that the Universe
is composed of void (vacuum) and atoms. The atoms were considered to be
everlasting and indivisible - absolutely small, so small that their size could
not be diminished. The atoms of different substances, such as water and iron,
were considered by him to be fundamentally the same, but to differ in some
superficial way; atoms of water, being smooth and round, could roll over
one another, whereas atoms of iron, being rough and jagged, would cling
together to form a solid body. The atomic theory of Democritus was pure
speculation, and was much too general to be useful. Dalton's atomic theory,
however, was a hypothesis that explained many facts in a simple and
reasonable way.

Dalton stated the hypothesis that elements consist of atoms, all of the
atoms of one element being identical, and that compounds result from the
combination of atoms of two or more elements, each in definite number. In
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this way, he could give a simple explanation of the law of conservation of
mass and of the law of constant proportions.

XI. Find answers to the following questions in the text:

1. When did Democritus live?

2. What did he state?

3. Did he consider water and iron to be the same?

4. In what way do they differ?

5. What was the Democritus atomic theory in general?

6. What about Dalton’s theory?

7. What kind of hypothesis did Dalton state?

8. What do compounds result from according to Dalton’s theory?
9. What laws did he explain?

XII. Find sentences characterizing the following:

1. the characteristics of atoms made by Democritus;

2. his opinion about different substances;

3. properties of water and iron;

4. the use of Democritus atomic theory;

5. a simple explanation of the law of conservation of mass.

Text 4A
Atomic Theory

I. Remember the following words and words combinations from
the text:

1. to put forward the hypothesis — BEIABUHYTbH TUIIOTE3Y

2. indivisible — HemeTUMBII

3. to give a simple explanation — 1aTh IpocToe 0OBICHEHUE

4.to take part in chemical reactions — y4yacTBOBaTh B XHUMHUYECKOM
peaxkuuun

5.1increase of our knowledge about atoms — moBbIllIeHHEe 3HAHUKN 00
aToMax

6. to aggregate — coOupaThCs B OJIHO 1LIEJI0€
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7.to have priceless value — ObITh OeClIEHHBIM

8. coordination of knowledge — koopauHanus 3HAaHUT

9. to abandon — oTkazaTbcs

10. to be in favour of — ObITH CTOPOHHUKOM Y€ro-1n00 (BBICTYIIATH
3a)

11. distinguished chemists — BeiatonMEecs XUMUKH

12.  to await fate — oxxunath cyap0y

13. predecessors — mpeaku

14. precise knowledge — Tounble 3HaHUs

15. no longer — yxe He

II. Give the Russian equivalents for the following:

to put forward a hypothesis, according to atomic theory, to give an
explanation, previously observed relations, by further work, rapid progress,
imaginary units, replace a hypothesis by a theory, to be in favour of smth,
no longer.

II1. Give the English for the following:

IaTh TMPOCTOE€ OOBACHEHHWE, TPHUHATH Y4YacTHE B  PEaKINH,
BBIJAIONIUNACA y4Y€HBIA, MOBOJBI B TIOJB3y THUIIOTE3bl, YBEIUYCHUE
PaMOaKTUBHOCTH, OBICTPOE Pa3BUTHE, COTJIACHO TEOPHH, TOYHBIC 3HAHMS,
OOmBIIIE HE MOXET pacCcMaTpUBATHCS, OBITh OECIICHHBIM JiIi XWMHKOB,
KOOpJAWHALMS 3HAHUM.

IV. Translate the following sentences into Russian:

1. According to the atomic theory a molecule is considered as being
composed of atoms.

2. All substances may be regarded as soluble in water.

3. All substances are usually defined as having a definite composition.

4. Dalton’s hypothesis was later proved to be true.

5. The atomic theory is of priceless value to chemists.

V. Translate the following sentences into English:
1. JIxxon JlanbTOH ObLT XUMUKOM U (PU3UKOM.
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2.0H xun B Aarimmu ¢ 1766 o 1844 ron.

3. CoBpeMeHHas HayKa pacioJiaraeT TOYHbIMY 3HAHHUSIMU O CTPYKTYpE
Y CBOMCTBAx aTOMOB U MOJIEKY!L.

4. Tenepb HUKTO OOJIbIIIE HE MOXET YTBEP)KIaTh, UTO CTPYKTypa U
COCTaB aTOMOB HEU3BECTEH.

5. CoBpeMEHHbIE HUCCIEAOBaHUS CHOCOOCTBYIOT — JalIbHEMIIEMY
Pa3BUTHUIO AaTOMHOU TECOPUHU.

VI. Translate the following sentences paying attention to the
Complex Subject:

1. Fundamental particles are no longer considered to be non-existent.

2. Chlorine is stated to have been discovered in 1774.

3. Mendeleyev is known to have been born in Tobolsk.

4. Solid carbon is usually said to exist in three modifications.

5. Atoms and molecules can no longer be considered “imaginary”.

VII. Read the text below carefully and find out information about
the development of atomic theory.

Text 4A
The Atomic Theory

In 1805 the English chemist and physicist John Dalton (1766-1844)
put forward the hypothesis according to which all substances were stated to
consist of small particles of matter, of several different kinds, corresponding
to the different elements. He called these particles atoms, from the Greek
word atomos, meaning “indivisible”. This hypothesis gave a simple
explanation or picture of previously observed but unsatisfactorily explained
relations among the weights of substances taking part in chemical reactions
with one another. As it was verified by further work in chemistry and
physics, Dalton's atomic hypothesis became the atomic theory.

The rapid progress of science during the twentieth century is well
illustrated by the increase in our knowledge about atoms. In a popular
textbook of chemistry written in the early years of the twentieth century,
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atoms were defined to be the “imaginary units” of which bodies are
aggregates. The article in “Atom” in the 11th edition of the Encyclopaedia
Britannica, published in 1910, ends with the words "The atomic theory has
been of priceless value to chemists, but it has more than once happened in
the history of science that a hypothesis, after having been useful in the
discovery and the coordination of knowledge, has been abandoned and
replaced by one more in harmony with later discoveries. Some distinguished
chemists thought that this fate may be awaiting the atomic theory... But
modern discoveries in radioactivity are in favour of the existence of the
atom, although they lead to the belief that the atom is likely to be not so
eternal and unchangeable a thing as Dalton and his predecessors had
imagined".

Only half a century later, scientists had precise knowledge of the
structure and properties of atoms and molecules. Atoms and molecules can
no longer be considered “imaginary”.

VIII. Answer the following questions about the text:

1. When was Dalton’s atomic hypothesis put forward?

2. What was the main idea of this hypothesis?

3. In what way was the hypothesis verified?

4. What does sometimes happen to a hypothesis in the course of
history?

5. What do modern scientists think about Dalton’s theory?

IX. Fill in the blanks with the information from the text:

1. John Dalton according to which all substances consist
of atoms.

2. became the atomic theory.

3. Some distinguished chemist thought that this fate

4. Only have a century later, scientists, had of the structure

and properties of atoms and molecules.
5. The atomic theory has been of to chemists.

X. Read the text, try to get it as a whole.
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Text 4B
The Born Theory of the Hydrogen Atom

Most our knowledge of the electronic structure of atoms has been
obtained by the study of the light given out by atoms when they are excited
by high temperature or by an electric arc or spark. The light that is emitted
by atoms of a given substance can be refracted or diffracted into a distinctive
pattern of lines of certain frequencies; such a distinctive pattern of lines is
said to be the line spectrum of the atom.

The careful study of line spectra began about 1880. Early investigators
made some progress in the interpretation of spectra, in recognizing
regularities in the frequencies of the lines: the frequencies of the spectral
lines of the hydrogen atom, for example, show an especially simple
relationship with one another. It was not until 1913, however, that the
interpretation of the spectrum of hydrogen in terms of the electronic
structure of the hydrogen atom was achieved. In that year, the Danish
physicist Niels Bohr (1885-1962) successfully applied the quantum theory
to this problem, and laid the basis for the extraordinary advance in our
understanding of the nature of matter that has been made since then.

XI. Answer the following questions about the text:

1. How has the knowledge of the electronic structure of atoms been
obtained?

2. When did the careful study of line spectra begin?

3. When was interpretation of hydrogen atom achieved?

4. What did Niels Bohr do?

5. What will happen with the light emitted by atoms?

6. What is called the spectrum of the atoms?

7. What do frequencies of spectral lines of hydrogen atom show?

8. Who laid the basis for the extraordinary advance in our
understanding of the nature of matter?

9. Who discovered the regularities in frequency of spectral lines of
hydrogen atom?
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XII. Find sentences characterizing the following:

1. the method of obtaining knowledge of the electronic structure of
atoms;

2. the modification of light emitted by atoms of a given substance;

3. the investigator made progress in interpretation of spectra of
hydrogen atom;

4. the date of determining the spectrum of hydrogen atom in terms of
electronic structure;

5. the role of Niels Bohr in quantum theory.
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Unit II1
ATOMS AND MOLECULES

I. Remember the following words and words combinations from
the text:
1. solid matter — TBEp10€ BelIECTBO
2. continues matter — [EJIOCTHOE BEIIECTBO
3. no matter — He3aBUCHUMO OT TOTO
4. continuous surface — cruionIHas MOBEPXHOCTh
5. to turn up magnification — BbI3BaTh YBEIUYECHUE
6. to argue — ClopuTh
7. to inquire minds — Uccaeq0BaTh YMbI
8. to perceive — BOCIPUHUMATD
9. to be not sound — ObITH HE3TOPOBBIM
10. varieties of matter — pa3HOBHJHOCTH BEIIECTB
11. to bring about — ocymiecTBISTH
12. coupling — cBs13b
13. uncuttable = indivisible — HeneTUMBIT
14. to be astonishing — ObITh yIUBUTEIHHBIM
15.to be confirmed — moaTBEepKAATH
16. to be composed of — cocTosTh U3
17. to systematize the facts — cucremarusupoBatTh (HaKThI
18. to hold jointly — ynep:x«uBatb BMecTe
19. ultimate sense of the argument — OKOHYaTEABHBIN CMBICI aPTyMEHTA
(moroBopa)

II. Give the Russian equivalents for the following:

during the course of history, unlimited magnification, a sound
argument, fundamental property, in the outer shells, to be composed of
particles, knowledge about the structure of atom, to hold together, ultimate
sense of the argument, to couple together two kinds of particles.

28



II1. Give the English for the following:

TBEPJIO€ BEILIECTBO, OTMEIbHBIE YACTHUIIBI, CTOJKHYTHCA C (aKTOM,
MHOT'O Pa3JIMYHBIX BUIOB, MOJHOCTHIO TOATBEPAUTD, COCTOSITh U3 MOJIEKYJI,
AJIEKTPOHHOE CTPOCHHUE aTOMOB, CUCTEMATU3UPOBATH (DAKTHI, yACPKUBATH
BMECTE, 1IETTOCTHOE BEIIECTBO.

IV. Translate the following sentences into Russian:

1. An atom was considered by the ancients to be an indivisible particle.
2. The new results are likely to be widely discussed.

3. There are known to exist several modifications of phosphorus.

4. Bromine happened to be prepared in 1826.

5. At first the discovery did not seem to be very important.

V. Translate the following sentences into English:

1. JlpeBHUE y4Y€HBIE CUMTAIM, YTO OCHOBHOE CBOWMCTBO AaTOMOB —
HEJEINMOCTb.

2. Oka3anock, YTO UX NPEANOJIOKEHNUE MOITBEPAUIOCH.

3. CeroziHs MPU3HAIOT, YTO ATOMBI COCTOSIT U3 MEJIbYANIIINX YACTHII.

4. OTKpBITBIE CTPYKTYpPBl aTOMa, BEPOSITHO, SBISJIOCH OJHHUM U3
BAKHEUIINX OTKPBITUM HAYKH.

5. be3yciioBHO, UTO 3HAHHUE CTPOEHUS ATOMA ChIIPAJIO BAXXHYIO POJIb B
Pa3BUTUU XUMUHU.

VI. Translate the following sentences paying attention to the
Complex Object:

1. We know chemistry to be very important science.

2. They want this experiment to be made at once.

3. They saw her make the experiment in the laboratory.

4. Chemists consider all substance to be composed of atoms.

5. Scientists believed indivisibility to be the fundamental property of
atoms.
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VII. Read the text below carefully and find out what the atoms
are.
Text SA
The Idea of the Atom

Many times during the course of history men believed that the solid
matter, of which the different things in the world are made, was really
continuous matter. They thought that if you could look at the surface of a
stone with magnification unlimited, you would always see a continuous
surface, no matter how much you turned up the magnification. They believed
that you would not find individual particles like atoms and electrons. They
argued that if you had a magic knife by which you could cut the stone into
smaller and smaller pieces, you could continue cutting it up indefinitely and
could make the pieces as small as you like a trillion, quadrillion, quintillion
times smaller or even infinitely small. But some twenty-five hundred years
ago, there lived in Greece a group of men with inquiring minds, who
perceived that this argument for continuous matter was not sound. Facing
the fact that the world contains so many different kinds of matter-stones,
metals, vegetables matter, animal matter, solids and liquids of so many
forms-they argued that it was more logical to believe that all these varieties
of matter are brought about by coupling together a relatively few kinds of
particles, which could not be cut up any further. Because the indivisibility
was taken to be the fundamental property of these particles, they gave them
the name atom, or atom which in Greek means uncuttable. It is astonishing
that this purely philosophical guess turned to be confirmed so completely
two thousand five hundred years later. Of course, today all atoms are
cuttable into smaller particles, such as the electrons in the outer shells and
the fundamental particles in the inside of the nucleus; but the truly
fundamental particles of which atoms are made, are sure to be uncuttable
and they are true building blocks of all matter.

During the period of fourteen years beginning with 1897, it was
discovered that atoms are composed of smaller particles. The discovery of
the components of atoms and the investigation of the structure of atoms is
likely to be one of the most interesting stories in the history of science.
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Moreover, knowledge about the electronic structure of atoms has made it
possible to systematize the facts of chemistry in a striking way, making the
subject easier to understand and to remember: it has been discovered that the
bonds that hold atoms together in molecules, consist of pairs of electrons
held jointly by two atoms. So those ancient Greeks were right in the ultimate
sense of the argument.

VIII. Answer the following questions about the text:

1. What did the ancients think about the composition of matter?

2. What particles were considered to be the building blocks of matter?

3. What does the word “atom” mean?

4. What was known about the structure of the atom at the beginning of
the 20™ century?

5. What do we call fundamental particles now?

IX. Fill in the blanks with the information from the text:
1. Knowledge about the electronic structure of atoms has made it

possible

2. Atom mean in Greek.

3. is one of the most interesting stories in the history of
chemistry.

4. During the period of fourteen years beginning with 1897, it was
discovered that atoms of smaller particles.
5. Ancient Greek were right in

X. Read the text try to get it as whole.

Text 5B
Dalton’s Atomic Theory

One of the foundations of modern chemistry is Dalton's atomic theory
developed between 1801 and 1808. When the atomic hypothesis appeared,
there was no direct evidence of the existence of atoms. But as time passed,
scientists found that the assumption of their existence and other assumptions
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concerning their properties and behaviour explain more and more of the
accumulating experimentally determined facts of chemistry, and also predict
other facts successfully. The hypothesis, therefore, gained the status of a
theory.

There were revolutionary changes in chemistry in the last fifty years.
Chemists found that atoms are not indivisible particles as Dalton thought,
but consist of much smaller particles which form the structure of atoms.
They established their sizes, weights and the arrangement of their parts with
high accuracy, as well as the sizes and shapes of molecules and the internal
structure of crystals. As a result, atoms and molecules are now as real as test-
tubes. Chemistry has achieved not only a new look, but a major
breakthrough to a deeper level of understanding. It is now possible to explain
most of the properties of elements and their compounds in terms of their
electronic, atomic and molecular structures. It is also possible to predict new
properties successfully. Chemistry is no longer a collection of more or less
unrelated facts, but a mature science founded on scientific principles which
arrange facts in an orderly system.

XI. Answer the following questions about the text:

1. What is one of the foundations of modern chemistry?

2. When was it developed?

3. When did the existence of atoms appear?

4. Were there any revolutionary changes in chemistry it the last fifty
years?

5. What were they?

6. When have atoms and molecules become real?

7. What has chemistry achieved?

8. What is it possible to explain now?

9. What is chemistry now?

X. Find sentence characterizing the following:

1. the evidence of the existence of atoms;

2. the first change in chemistry during the last fifty years;
3. the second one;
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4. chemistry a major breakthrough to a deeper level of understanding;
5. chemistry a nature science now.

Text 6A
The Study of the Structure of Molecules

I. Remember the following words and word combinations from
the text:
1. structure of molecules — cTpykTypa Monexyn
2. to carry on the study — npo10/KUTh UCCIIEIOBAaHUE
3. brilliant postulate — BepHbIif mocTynat (yCIOBHE MOJTOKEHHE)
4. tetrahedral orientation — TeTpasipuyeckas opueHTaus
5. the theory of stereochemistry — Teopust crepeoxumun
6. valence bond — BaneHTHas1 cBsI3b
7.to0 express in a concise way — BbIpa3uThCs B C:KaTol (hopme
8. qualitative significance — kauecTBEeHHass 3HAYUMOCTb
9. with regard to — OTHOCUTEILHO, YETO KacaeTcs
10. to make attempts — npeanpUuHUMATh TOMBITKH
11. to culminate — mocTuraTh BHICIICH TOYKH (KyJIbMHUHUPOBATH)
12. electronic  theory of valence — »diexkTpoHHass Teopus
OKBUBAJICHTHOCTH
13. stable shells — crabunbhbie 00TOMKH
14. covalent bond — koBaneHTHas CBA3b
15. to emphasize the importance — nog4epKHyTh BaXKHOCTh
16. pairing unshared electrons — cHmapuBaHue HEIOABMIKHBIX
DJIEKTPOHOB
17. to clarify the facts — nposicHATbH pakTb
18. to suggest — npemyiararsb
19. to incorporate suggestion into the present theory — BKIIOUHTH
PEJIOKEHUE B HACTOSILYIO TEOPHUIO
20. to discard suggestion — 0TKa3aThCs OT MPEATOKCHHS
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I1I. Give the Russian equivalence for the following:

to carry on the study, essentially chemical in nature, to take part in a
reaction, formulate the theory of valance, tetrahedral orientation of the bonds
to have qualitative significance, with regard to molecular structure, to form
the basis of a theory, to share the electrons between the atoms, the features
of the detailed theory.

II1. Give the English equivalence for the following:

M3YUYEHUE CTPYKTYPbI MOJIEKYJI, METOAbI UCCIAEAOBAHUS, XUMUUECKUN
COCTaB, MHOT'OYHWCJIEHHBIE TMOMNBITKHA, Pa3BUTh TEOPUIO, OOpa3oBaHUE
XUMHUYECKOW CBSI3U, NOMYEPKHYTh 3HAUYE€HHE 4Yero-iu0o, KOBaJECHTHas
CBSI3b, TEOPUS CTEPEOXUMUH, PEIJIOKUTH TEOPHIO.

IV. Translate the following sentences into Russian:

1. The discovery of the electron stimulated the development of an
electronic theory.

2. The study of the structure of molecules has been carried out by the
scientists since early dimes.

3. Numerous attempts were made to develop an electronic theory of
valence.

4. Early studies confined some suggestions that were discarded later.

5. The substance taking part in the reaction must be pure.

V. Translate the following sentences into English:

1. ITpobiiema CTpyKTyphI MOJIEKYJI JABHO HHTEPECOBAIa XUMHUKOB.

2. CtpyktypHas ¢opmyiia — 3To Gopmysia, KOTOpas MOKa3bIBAET, KaK
CIPYNIUPOBAHBI AJIEMEHTBI, KaK PACIPOCTPAHSIIOTCS CBSI3U B MOJICKYJIE.

3. CKOpOCTh peakiuy 4acTO 3aBUCUT OT TEMIIEPATYPHL.

4. DJIeKTpOHHAS TEOPHUs XUMHUYECKHX CBs3eM ObLla co3/JaHa Iocie
OTKPBITHS JJIEKTPOHA.

5.1lepBbie HCClENOBaHUSA YUYEHBIX MPEBPATUIUCh B HACTOSIIYIO
TEOPHIO.
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VI. Translate the following sentences paying attention to use of
Participles I, II:

1. The study of the structure of molecules was originally carried on by
chemistry using different methods of investigation.

2. In the nineteenth century the valence bond was represented by a line
drawn between the symbols of two chemical elements.

3. The modern electronic theory of valence discussed not only the
formation of ions but also the formation of a chemical bond, now called the
covalent bond.

4. Many of the features of the detailed theory were suggested in the
papers of Langmuir written in the decades following 1961.

5. Particular attention must be paid to the reaction regarding the
conditions of synthesis.

VII. Read the text below and find out information about the
structure of molecules.

Text 6A
The Study of the Structure of Molecules

The study of the structure of molecules was originally carried on by
chemists using methods of investigation that were essentially chemical in
nature, relating to the chemical composition of a substance, the existence of
isomers, the nature of the chemical reactions in which a substance takes part
and so on. From the consideration of facts of this kind Frankland, Kekulé,
Couper and Butlerov were led a century ago to formulate the theory of
valence and to write the first structural formulas for molecules, van't Hoff
and le Bel were led to bring classical organic stereochemistry into its final
form by their brilliant postulate of the tetrahedral orientation of the four-
valence bonds of the carbon atom, and Werner was led to his development
of the theory of the stereo- chemistry of complex inorganic substances.

In the nineteenth century the valence bond was represented by a line
drawn between the symbols of two chemical elements, which expressed in
a concise way many chemical facts, but which had only qualitative
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significance with regard to molecular structure. The nature of the bond was
completely unknown. After the discovery of the electron, numerous attempts
were made to develop an electronic theory of the chemical bond. These
culminated in the work of Lewis, who in his 1916 paper, which forms the
basis of the modern electronic theory of valence, discussed not only the
formation of ions by the completion of stable shells of electrons but also the
formation of a chemical bond, now called the covalent bond, by the sharing
of the two electrons between two atoms. Lewis further emphasized the
importance of the phenomena of the pairing of unshared as well as of shared
electrons and of the stability of the group of eight electrons (shared or
unshared) about the lighter atoms. These ideas were then further developed
by many investigators; the work of Langmuir was especially valuable in
showing the great extent to which the facts of chemistry could be
coordinated and clarified by the application of the new ideas. Many of the
features of the detailed theory that is discussed were suggested in the papers
of Langmuir and others written in the decade following 1916, or in the book
Valence and Structure of Atoms and Molecules written by Lewis in 1923.

All of these early studies, however, contained, in addition to
suggestion that have since been incorporated into the present theory, many
others that have been discarded.

VIII. Answer the following questions about the text:

1. What methods were used in the first investigations of the structure
of molecules?

2. What do you know about isomers?

3. Who formulated the theory of valence?

4. In what way was the valence bond represented?

5. How did the discovery of the electron affect the development of an
electronic theory?

IX. Fill in the blanks with the information from the text:
1. In the 19" century was represent by a line of symbols of
two chemical elements.

2.In 1916 Lewis formed the basis of
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3. The study of was originally carried on by chemists using
natural methods of investigation.

4. After the discovery of the electron were made to develop
an electronic theory of the chemical bond.

5. Many of the features of the detailed theory in the papers
of Langmuir.

X. Read the text try to get it as whole.

Text 6B
Molecular Composition and Size

Molecules are chemical units composed of one or more atoms. The
simplest molecules contain one atom each; for example, helium atoms (one
atom per molecule) are identical with helium molecules. Oxygen molecules
(O2) are composed of two atoms, and ozone (O3) of three. Molecules may
contain several different sorts of atoms. Water (H20) contains two different
kinds, hydrogen and oxygen, and dimethyl amine ((CH3):NH) has three
kinds. Molecules of many common gases (hydrogen H», oxygen Oz, nitrogen
N2, and chlorine Cl,) consist of two atoms each.

Not all molecules are molecular in structure. Some are atomic and
many are ionic. Molecular substances are characterized by low boiling
points and poor conductivity of electricity when dissolved or melted. Gases
are generally molecular, and so are many liquids, and some solids. All
compounds of hydrogen and non-metallic oxides are molecular. These
compounds are considered to be bonded by a force called a covalent bond
(or bonds) which consists of one or more shared electron pairs.

The size of molecules, especially of the smaller ones, is so tiny that to
make a meaningful comparison is rather difficult. Let us assume that the
water molecules in a cup of water are dyed so that they can be identified. If
this cup had been thrown into the ocean 2,000 years ago, these molecules
would have become distributed evenly in all bodies of water on the earth.

A cup of water taken at random from your nearest supply, would give
you at least one hundred of the original dyed molecules. The exceedingly
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large number of molecules of water in a cup is, of course, directly related to
the fact that each molecule is exceedingly small. Molecules are too small to
be visible in ordinary light. The most powerful and best illuminated optical
microscope has failed to reveal molecules by direct vision, although it is
claimed that they have been resolved in the electron microscope.

XI. Answer the following questions about the text:

1. What do the simplest molecules contain?

2. What are molecules of oxygen composed of?

3. What can you say about the composition of many common gases?

4. What are molecular substances characterized by?

5. What is the composition of compounds of hydrogen?

6. What is the size of molecules?

7. What is the member of molecules in a cup of water?

8. Can we see molecules in ordinary light?

9.1s it possible to reveal molecules through the most powerful
microscope?

XII. Find the sentences characterizing the following:
1. composition of molecule of water;

2. characteristics of molecular substance;

3. covalent bond in compounds

4. the size of molecules in a cup of water;

5. the possibility of seeing molecules.
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Unit IV
SUBSTANCES AND COMPOUNDS

I. Remember the following words and word combinations from
the text:
1. to share credit — npunuceIBaTh 3aciyry

2. amateur scientist — y4€HbIH-ITIOOUTEND

3. pharmacist — ¢apmareBT

4.to escape religious persecution — wu30€kKaTh PEIUTHOZHBIX

IpECIEN0BAaHUI

5. to heat various compounds — HarpeBaTh pa3IM4YHbIC COCAMHEHUS

6. mercuric oxide — okcua pTyTH

7.to delay publications — OTJIOKHUTh ITyOIMKAIHIO

8. account — ynoMuHaH#HE (COOOIIEHUE)

9.to play important role in combustion — UrpaTe BaXXKHYIO pOJb B

poIIecce TOPCHHMS

10.
1.
12.
13.

ardent adherent — sipbIii IpUBepIKEHET

phlogiston theory of combustion — guioructonnas Teopusi cropaHust
dephlogisticated air — nedorucTupoBaHHBIN BO3TYX

to establish the modern concept — co3maTe COBpEeMEHHYIO

KOHIISIIITUIO (TIOHSTHE)

14.
15.
16.
17.
18.
19.
20.
21.

to yield products — mpou3BoOANTH MIPOAYKITHIO

acidic solutions — KUCJIIOTHbIE pacTBOPHI

“acid former” — «0Opa3yrOMIUA KUCTOTHI»

to occur in a free state — BctpeyaThCsi B CBOOOJHOM COCTOSIHUU
pure water — 9ucTas Bojia

earth’s crust — 3emHas kopa

multitude of compounds — MHOXECTBO COSAMHCHHIMA

estimated extent — npeanonaraeMelii pa3Mep (CTENEHB)

II. Give the Russian equivalence for the following:

to heat various compounds, to yield products, phlogiston theory of

compounds, amateur scientist, to establish the modern concept, mercuric
oxide, to share credit, to find evidence, an acid solution, to delay publication.
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II1. Give the English equivalence for the following:

nyTéM HarpeBaHHsi, pearupoBaTh C Pa3IUYHBIMUA COEIUHEHUSIMH,
dbapmaiieBT, BcTpeuaTbes B armocdepe, okosio 90% 1o Becy, yucras Boja,
KUCJIOTHBIE PACTBOPBI, UIPaTh BAXHYI pOJb B MPOLECCE TOPEHUs,
MHOKECTBO COEJIMHEHU, Ha OCHOBE IKCIIEPUMEHTAIIbHBIX PE3YJIbTATOB.

IV. Translate the following sentences into Russian:

1. Oxygen was obtained by heating mercuric oxide.

2. Evidence was found that this gas is a component of the atmosphere.

3. The theory of phlogiston is not much spoken about nowadays.

4. Substances such as phosphorus and sulphur are known as non-
metals.

5. Much attention has been given recently to the study of this group of
oxides.

V. Translate the following sentences into English:

1. CoBpeMeHHOE TIOHSITHE TOpEeHUs ObUIO yCTaHOBJIEHO JlaByasne B
1777 rony.

2. Kucnopon ObLT HaliJIeH B 3eMHOM KOPE B BUC COCTMHEHUM.

3. Pab6ora [Ipuctiu Oputa onyonukoBana B 1774 roxy.

4. Kucnopoj 0bUT OTKPHIT U onucaH Bo BTopoi nojoBune XIII Beka.

5. Takue BeliecTBa, KaK Kajauil, HM3BECTHbI KaK OYCHb AKTHUBHLIC
METaJLIbI.

VI. Translate the following sentences paying attention to the
Passive Voice:

1. Gold is unaffected by oxygen.

2. Attempts were made to obtain pure oxygen.

3. When a substance is attracted by oxygen, it forms an oxide or a
number of oxides.

4. Oxygen was obtained by heating mercuric oxide.

5. The yield of the reaction is greatly affected by temperature.
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VII. Read the text below to find out information about oxygen.

Text 7A
Oxygen: History and Occurrence

Credit for the discovery of oxygen is shared by two men, Joseph
Priestley, an English clergyman and amateur scientist, who later moved to
the United States to escape religious persecution, and Carl Wilhelm Scheele,
a Swedish pharmacist. Working independently, these two men both obtained
the gas which we know as oxygen by heating various compounds of the
element, particularly mercuric oxide. They also found evidence that this gas
is a component of the atmosphere. Priestley's work was published in 1774,
but although Scheele's experiments had probably been performed even
earlier, their publication was delayed and no account of them appeared until
1777. Though Priestley recognized that the gas which he had discovered
plays an important role in combustion, he remained, along with Scheele, an
ardent adherent of the phlogiston theory of combustion; in fact, he called the
gas “dephlogisticated air”.

On the basis of the experimental results of Priestley, Scheele, and
others, as well as some very fine experimental work of his own, in 1777 the
brilliant French chemist Lavoisier established the modern concept that the
combustion of a substance consists in its combination with the new gas
which Priestley and Scheele had described, and which Lavoisier found an
important constituent of the atmosphere. Since the combustion of many
substances (now known as non-metals) such as phosphorus and sulphur
yields products which react with water and give acidic solutions, Lavoisier
named this gas oxygen, derived from Greek words meaning “acid former”.

Oxygen occurs in the free state as the second most abundant
component of the atmosphere; about one-fifth of the air by volume is
oxygen. In the combined state it makes up 88.81% by weight of pure water,
and, on the average, 85.79% of sea water. It occurs in the earth's crust, in the
form of a multitude of compounds, to the estimated extent of 46.43%.
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VIII. Answer the following questions about the text:

1. What famous scientists worked on the discovery of oxygen?
2. Who was the first to obtain this gas?

3. What was the method of obtaining oxygen?

4. What did the French chemist Lavoisier establish?

5. Where does oxygen occur and in what state?

IX. Fill in the blanks with the information from the text:

1. Priestly recognized that the gas obtained in combustion.

2. Oxygen in a free state in the atmosphere.

3. were made to obtain pure oxygen.

4.In 1777 the brilliant French chemist Lavoisier established

of combustion.

5. Lavoisier named this gas oxygen, derived from Greek worlds

meaning

X. Read the text, try to get it as a whole.

Text 7B
Modern Uses of Oxygen

Although oxygen has been used in industry for more than 100 years,
gas for several there has been interest in this colourless, odourless, tasteless
hundred years. Its presence as an active element in the air was suspected as
long ago as 1500 A. D., but only in 1777 Antoine Lavoisier, a French
chemist, named oxygen and described its properties.

The actual development of the industrial application of oxygen for the
next hundred years was extremely slow. Then, at the turn of the twentieth
century, two factors greatly speeded progress. One was a method for
economically producing oxygen of high purity from the air, and the other
was a method for producing calcium carbide on a commercial scale.

Probably 95 per cent of the huge volume of oxygen used today is
obtained from the air by a process which was developed by Dr. Carl von
Linde in Germany in 1895 and 1902. This method is based upon the

42



liquefaction of air and its fractional distillation. Technically, the process is
complicated, as more than it requires one of the lowest temperatures used
industrially 300°F below zero (-194.4°C). The liquid air is a very cold
mixture of liquid oxygen and liquid nitrogen. Oxygen is then separated by
rectification. Most oxygen produced for industrial purposes is purer than 99
per cent.

Calcium carbide treated with water produces acetylene, a gas which
burns in air with a brilliant white light. When the two gases, oxygen and
acetylene are mixed in proper proportions and burned, their combustion
produces the hottest flame known more than 5400°F (= 3000°C). This flame
for the past 100 years has formed the basis for the oxy-acetylene process for
welding and cutting metals.

Today there is practically no industry which does not use the process.
Broadly speaking, applications are divided into two fields - repair and
production. The repair field is perhaps the better known, for practically every
garage uses the oxy-acetylene process for repairing automobile parts. In
industry, there is not a factory which does not use the process in many
different ways for repairing the equipment.

Another process where acetylene is used, is called “hard-facing”
Extremely hard alloys are applied to the surfaces of metal parts, increasing
the life of the parts many times.

Certain industries have developed mostly due to welding. This is true
in the manufacture of airplanes, automobiles, refrigerators, railway roads.

But the greatest amount of oxygen is used in cutting iron and steel one
of the most spectacular applications of oxygen in industry. This simple
process has literally revolutionized the metalworking industries. It was
found that any cuts were made quite easily.

One of the most recent applications of the oxy-acetylene process is for
removing surface defects from steel. In this way, larger amounts of cleaner
and better steel are made possible at lower cost.

Although by far the greatest volume of oxygen — amounting to several
billion cubic feet a year — is used for industrial purposes, an ever increasing
amount of oxygen is being used in medicine, the treatment of diseases, such
as pneumonia or heart diseases. It has saved many lives. Besides, while
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breathing oxygen, aircraft pilots operate at altitudes otherwise impractical
without it.

It may be said that oxygen is men's best friend — both in industry and
for human health.

XI. Find answers to the following questions in the text:

1. Who gave the name of oxygen? When?

2. What can you say about the industrial applications of oxygen in the
nineteenth century?

3. What factors speeded the process of producing oxygen at the turn of
the twentieth century?

4. What method is used today for 95% production of oxygen?

5. What product is formed by the combination of oxygen and
acetylene?

6. What industrial application of oxygen is known best of all?

7. What fields of industry is the oxy-acetylene process used in?

8. What is oxygen used in medicine for?

9. Why is oxygen called men’s best friend?

XII. Find sentence characterizing the following:

1. interest in oxygen for several hundred years;

2. the progress in industrial applications of oxygen;

3. evolution in methods of obtaining oxygen;

4. use of oxygen in repair field as the better known;

5. what industries have development mostly due the welding.

Text S8A
Selenium

I. Remember the following words and words combinations from
the text:

1. to receive scant attention — MOJTyYUTh MaJl0 BHUMAHUS

2.to be of little importance commercially — umerr HebOoOmbIIOE
IPOMBILIEHHOE 3HAaUECHHE

3. to be worth studying — ctout Toro, 4T00bI H3y4YHUTH
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4. abundant element — pacnipocTpaHEHHBIN 2JIEMEHT

5. sister element — pactipocTpaHEHHBIN JIEMEHT

6. as compared with — mo cpaBHeHHIO €

7. several allotropic forms — HECKOIBKO aIIOTPONHBIX (HOPM

8. to be alike = to be similar to — ObITH TOX0XKUM

9. to be brittle — ObITh XpynKUM

10. silver-grey coating — cepeOpucTO-cepoe MOKPHITHE

11. to be odourless — 6bITH Oe3 3amaxa

12.  to be tasteless — ObITh O€3BKYCHBIM

13. to burn readily — nerko roperb

14. reddish-blue flame — kpacHOBaTO-cHHEE TIIAMS

15. to vary in electrical conductivity — pasnduatees 1O
AJIEKTPONPOBOAHOCTH

16. nonconductor — HEMPOBOTHUK

17. hydrazine hydrate — runpa3un rugpar

18. to keep below the boiling point — moanepxuBaTh TEMIEPATYPY
HUKE TOYKH KUTICHUS

19.  to prolong the life — npoauTk KU3HB

20. colloidal suspension — KoJITONAHAS CYCIICH3US

I1I. Give the Russian equivalence for the following:

curious property of selenium, electrical conductivity, selenium
dioxide, nonconductor, to be less active, amorphous selenium, rather hard,
silver-grey coating, under proper condition, to prolong the life.

II1. Give the English equivalence for the following:

UMETh OOJIBIIIOE TTPOMBIIICHHOE 3HAUYCHHE, TI0 CPABHEHHIO C, TaKas
K€ BAJICHTHOCTb, NMPOBOJAHUK 3JICKTPUYECTBA, OAHOIPOLIEHTHBIA PacTBOP,
aTOMHBIM BEC, HMHTEPECHBIM DJIEMEHT CpelId XHUMHUKOB, TEMHBIN IIBET,
AJIEMEHT POJCTBEHHBIN Cepe, HECKOJIBKO aJNIOTPOIHBIX (POPM.

IV. Translate the following sentences into Russian:
1. Selenium is both odourless and tasteless.
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2. The characteristic property of selenium is silver-grey coating on its
surface.

3. Selenium is a nonconductor.

4. The element is found in various ores.

5. It burns readily with a reddish-blue flame.

V. Translate the following sentences into English:

1. Cenen He uMeeT OOJBIIOTO TPOMBIIIIEHHOTO 3HAYEHUS.

2.Cepa u celleH OYEHb MMOX0KHU U IOTOMY PEAKIIMHU CEPBI MMOX0KHU Ha
peakiy CelieHa.

3. XOTs cesieH HE 0YEHb IIMUPOKO PACIPOCTPAHEH, €T0 MOKHO HANTH B
Pa3IMYHbBIX pPyax.

4. N3 ero MnojoXeHus B IEPUOINIECCKON TaOIUIIe MBI MOYKEM CJIeNIaTh
BBIBOJI, UTO CEJICH JIOJDKEH ObITh MEHEE aKTUBHBIM, UM cepa.

5.Cenen 06e3 3amaxa W 0e3 BKyca, HO MOXET HMMETh HECKOJIbKO
BapUALIMM 110 LBETY.

VI. Translate the following sentences paying attention to the
Passive Voice:

1. One curious property of selenium should be mentioned.

2. Under proper conditions selenium can form colloid.

3. We must remember to keep selenium below the boiling point.

4. From the facts that the atomic weight is more, we may infer that
selenium should be less active than sulphur.

5. Selenium can be found in several allotropic forms.
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VII. Read the text below to find out information about the element
selenium.

Text SA
Selenium

The element selenium usually receives scant attention in elementary
textbooks, probably because it is of little importance commercially.
Nevertheless, it is an interesting substance and well worth studying.

Selenium was discovered by the Swedish giant among chemists,
Berzelius.

The element 1s not abundant, but it is to be found in various ores.

Selenium is the sister element of sulphur, forming with tellurium the
elements occurring in Group VI. It has an atomic weight of 78.96 as
compared with 32 for sulphur. From the fact that the atomic weight is more,
we may infer that selenium should be less active than sulphur. Its valences
are: +2, +4, and +6, the same as those of sulphur. It can be found in several
allotropic forms, just as sulphur does. It will be helpful to remember that the
two elements are very much alike in their chemical properties and so the
reactions of sulphur are similar to those of selenium.

A piece of amorphous selenium is rather hard and quite brittle, just as
sulphur is. The dark colour of the element, the silver-grey coating on its
surface are characteristic. Another variety of the element is red.

The element is both odourless and tasteless. It burns as readily as
sulphur does, with a reddish-blue flame and the peculiar odour. In working
with selenium, beware of the odour of its hydrogen compound; it is worse
than that of hydrogen sulphide.

One curious property of selenium should be mentioned. The substance
varies in its electrical conductivity according to the amount of light that falls
upon it. We should remember that sulphur is a nonconductor. An experiment
shows that selenium differs in this respect.

Under proper conditions selenium can form a colloid. One gram of
selenium dioxide is dissolved in 500 ml of water. To 50 ml of this solution
we add, after heating, 10 ml of a one-percent solution of gelatin, and then,

47



drop by drop, 60 ml of hydrazine hydrate (1:2,000 of water). We must
remember to keep it just below the boiling point for 16 minutes. The
beautiful peach-pink colour of the colloid is to be observed. The colloid can
be made without gelatin, but the protective colloid serves to prolong the life
of the colloidal suspension.

VIII. Answer the following questions about the text:

1. Why is there only little information about selenium in elementary
textbooks?

2. Why are properties and selenium and sulphur alike?

3. What are the physical properties of selenium?

4. What can you say about electrical conductivity of selenium and
sulphur?

5. In what way can we prepare a colloid with selenium?

IX. Fill in the blanks with the information from the text:

1. Selenium can in several allotropic forms.

2. selenium can form a colloid.

3. Selenium is the of sulphur.

4. Selenium and sulphur in their chemical properties.
5. The reaction of selenium to those of sulphur.

X. Read the text, try to get it as a whole.

Text 8B
Selenium Compounds

The element (selenium) can combine with the metals, just as sulphur
can, forming selenides. Let us grind some selenium to powder in a mortar.
After that, we should take 10 grams of this powder and grind it with 7 grams
of iron dust, a proportion of 80 and 56, the approximate atomic weight ratio
of the two elements. Then, we must pour the well-mixed material into a dry
test-tube and heat it. Ferrous selenide is formed, the action proceeds
somewhat less vigorously than that between iron and sulphur. When the tube
has cooled somewhat, we can break it open and remove a grey-black product
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which much resembles ferrous sulphide. Selenium will unite similarly with
zinc and with other metals such as and lead.

Selenium dioxide may be formed by the combustion of the element.
The dioxide is white and can dissolve readily in water to form selenious acid
just as sulphur dioxide dissolves to form sulphurous acid:

H20 + SeO2 — H2SeOs.

When selenious acid is treated with chlorine or potassium
permanganate, selenic acid is produced; the process, of course, can be called
oxidation, the reaction proceeds just as it does with sulphurous acid. Small
lumps of ferrous selenide are transferred to a small flask connected to a train
of bottles containing solutions of a number of different metallic salts, for
example, those of cadmium, cobalt, nickel, arsenic, and antimony. Any
excess of gas which may escape is led into the flue. Add some hydrochloric
or sulphuric acid to the material in the flask, and presently hydrogen selenide
forms and bubbles into the liquids in the various bottles. Various selenides
can be formed.

XI. Find answers to the following questions in the text:

1. When are selenides formed?

2. Will you describe the procedure?

3. In what way can selenium dioxide formed?

4. What are physical and chemical properties of the dioxide?
5. How is ferrous selenide formed?

6. When is selenic acid produce?

7. Is the reaction the same as with sulphorous acid?

8. Will you describe the process?

9. What substances will selenium unite similarly?

XII. Find sentence characterizing the following:

1. the process of forming selenides;

2. the method of forming ferrous selenide;

3. the process of formation selenium dioxide;

4. physical and chemical properties of selenide dioxide;
5. the method of preparation of sulphuric acid.
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Unit V
STRUCTURE OF MATTER

I. Remember the following words and word combinations from
the text:

1. to enter into chemical reaction — BcTynaTh B XUMHUYECKYIO PEAKIUIO

2.to occur — BcTpeyaThes (TPOUCXOIUTH)

3. bear definite relationships — umMeTh onpeeIéHHBIC OTHOIICHUS

4. to undergo disruption — noaBeprarbCs pa3pylICHUIO

5. rearrangement — nepepacrpeecHue

6. aggregates — COBOKYIMHOCTD (00111ee KOJTUIECTBO)

7. to unite with each other — coequnsAThCA IpyT € APYrom

8. elemental molecule — monekymna snemMenTa

9. compound molecule — Mosekyna coequHeHUs

10. to be exemplified — ObITH IpUMEpPOM

11.  to give full account of properties — natb NoIHYIO KUHGHOPMAIUIO
O CBOMCTBAax

12.  to exhibit in full — BeICTaBASATH MOJHOCTHIO

13. to be packed together — ObITh yTakOBaHHBIM BMECTE

14. to redistribute — mepepacnpenensaTh

15. to account for — OTUUTHIBATHCS 32 YTO-TUOO

I1I. Give the Russian equivalence for the following:

to enter into a chemical reaction, definite relationships, to form
definite aggregates, to exhibit a property, to depend on the mass, to be of
great practical importance, to undergo rearrangements, to contain two or
more molecules, to exist as diatomic molecules, to pack the molecules
together.

II1. Give the English equivalence for the following:

COCTOATh W3  HECKOJBKHX  BHJOB  aTOMOB,  3JEKTPUUYECKHU
HEUTpabHBIN, MOJIEKYJIa XJI0pa, MOJIEKyJa COeAMHEHUs, 00pa3ell TaHHOTO
BEILIECTBA, IJIOTHOCTH (yAEIbHBIN BEC) BEIIECTBA, OJHOATOMHAsI MOJIEKYJIa,
OMpeIeICHUE MOJIEKYJIbI, TPOSBIISITH (PU3NUECKUE CBOMCTBA, OTINYATHCS OT.
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IV. Translate the following sentences into Russian:

1. To give a short definition of a molecule is not very easy.

2. Chemical reactions occur when atoms of different kinds unite to
each other and form groups.

3. Compound molecules are composed of two or more kinds of atoms
and are exemplified by the water molecule.

4. An element molecule may contain only one atom, or it may contain
two or more.

5. The definition does not give a full account of the properties of a
molecule.

V. Translate the following sentences into English:

1. ATOMBI KaXJOTO D3JIEMEHTA OTJIMYAKOTCA OT AaTOMOB JPYTUX
DJIEMEHTOB.

2. XuMuueckas peakuus MPOUCXOJINUT, KoTr1a aTOMBI
B3aMMOJICCTBYIOT APYT C IPYrOM U 00pa3yroT HOBbIE COCAMHEHUS.

3. Jlath ompeneneHne MOJIEKYJbl — 3HAYHUT CKa3aTh O €€ COCTAaBE U
CBOMCTBAX.

4. Monekynbl, KaKk U3BECTHO, JJIEKTPUUECKU HEUTPAIIbHBI.

5. Ecau aToMBbl IMEIOT OJIMHAKOBBIE CBOMCTBA, TO OHU MPUHAIJIEKAT
OJTHOMY 3JIEMEHTY.

VI. Translate the following sentences paying attention to the forms
and functions of the Infinitive:

1. To give a short definition of a molecule is not to give a more or less
full account of properties.

2. Some elements have atoms that unite with others of their own kind
to form molecules.

3. To analyse the substance means to define its components.

4. To think about ordinary conditions of a reaction means to think
about room temperature and 1-atm. pressure.

5. To know the atomic structure is to understand this phenomenon.
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VII. Read the text below to find out information about the
molecules.

Text 9A
Molecules

To the modern chemist, the atom is the smallest particle of an element
that can enter into a chemical reaction. Thus, each element has atoms that
are peculiar to itself and different from those of each of the other elements.
Chemical reactions occur when atoms of different kinds unite to form groups
in which they bear definite relationships to each other or when these groups
undergo disruption or rearrangement. Chemical unions are of two general
types.

In one type of union, atoms become bonded together to form definite
aggregates that exist as independent, electrically neutral particles and are
known as molecules (Latin “little mass™). Some elements have atoms that
unite with others of their own kind to form molecules. These are known as
elemental molecules and are exemplified by the chlorine molecule which is
made up of two chlorine atoms. Compound molecules are composed of two
or more kinds of atoms and are exemplified by the water molecule, which
contains two atoms of hydrogen and one of oxygen.

To give a short definition of a molecule is not to give a more or less
full account of properties.

Molecules are regarded as the smallest particles or elementary
substances that can have independent existence. They account for the
chemical properties and at least some of the physical properties of the
substance they constitute. A single molecule does not exhibit in full the
physical properties commonly associated with its particular variety of
matter. These properties arise both within the molecule itself and within the
aggregates of like molecules that constitute a sample of the given substance.
The density of water depends not only on the mass and volume of individual
molecules but also on the manner in which the molecules are packed
together. Since the chemist works with the aggregates, their properties are
of great practical importance.
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A molecule of a compound contains, of necessity, at least two different
atoms. An element molecule may contain only one atom, or it may contain
two or more. Helium has monoatomic molecules; chlorine and hydrogen
each exist as diatomic molecules; and sulphur molecules contain eight
atoms. During reactions the atoms of elemental molecules usually are
separated and individually redistributed in new combinations.

VIII. Answer the following questions about the text:
1. What is a chemical reaction?

2. What types of chemical unions do you know?

3. What is an elemental molecule?

4. What determines the properties of a molecules?

5. What composition may an elemental molecule have?

IX. Fill in the blanks with the information from the text:

1. The smallest particle of an element that can a chemical
reaction is an atom.

2.Since the chemist works with aggregates, their properties

3. The sulphur molecules eight atoms.

4.In one type of union, atoms become to form definite
aggregates.
5. Molecules are regarded as the smallest particles of that

can have independent existence.
X. Read the text, try to get it as a whole.

Text 9B
Molecules in Solids

Having their own shape is a characteristic feature of solids since they
have their own shape rather than that of the container (as for liquids and
gases) and generally do not flow, the extent of molecular motion in a solid
1s even more limited than that in a liquid. True solids are crystalline, bounded
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by plane surfaces that meet in a definite dihedral angle, and have a
characteristic melting point. The molecules in a solid have the same
temperature, and if they are molecules of the same substance, they are
moving at the same average velocity, the motion of molecules in a solid must
be confined, and, probably, it is a vibration or oscillation about a fixed point.

Crystals composed of molecules may evaporate in a manner similar to
that of liquids. This phenomenon is called sublimation, and it may be noticed
in solid carbon dioxide (dry ice), paradichlorobenzene, camphor, and many
odorous solids. Non-molecular solids show little tendency to sublime. The
Van der Waals force between the particles in molecular solids is, apparently,
less in general than the coulomb forces between ions in non-molecular
solids. As with liquids, solids vary greatly in their tendency to sublime, and
the rate of sublimation varies with the temperature and inversely with the
pressure. In some solids the crystal is composed of molecules in a pattern
that repeats.

XI. Find answers to the following questions in the text:

1. What is a characteristic feature of solids?

2. What are the physical properties of solids?

3. What do you know about molecular motion in solids?

4. How can crystals evaporate?

5. How is this phenomenon called?

6. Can non-molecular solids sublime?

7. What is the rate of sublimation of solids as compared with liquids?

8. What can you say about the Van der Waals forces between the
particles in molecular solids?

9. What is the difference in properties between crystalline and non-
crystalline solids?

XII. Find sentence characterizing the following:

1. characteristic feature of solids as compared with liquids or gases;
2. physical properties of solids;

3. kinds of molecules motion in a solid;

4. the essence the properties of sublimation;

5. variations of sublimation in solids.
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Text 10A
The Nature of a liquid

I. Remember the following words and word combinations from
the text:

1. 1odine crystals — kpucTamibl Hoaa

2. to form liquid 10dine — 0Opa3oBBIBATh KUJIKUN HOJT

3. melting point — ToOYKa IJIaBJICHUS

4. freezing point — TOUKa 3amMep3aHUsl

5. to differ from — ornuyaTscs ot

6. to have a definite volume — umets onpenenéHHbIN 00BEM

7.to have a definite shape — umets onpeaenéunyo popmy

8. from the molecular point of view — ¢ MOJEKyJISIpPHON TOYKU 3pECHUS

9. to agitate — mepemenInBaTh

10. thermal agitation — TepmMuyeckoe nepemMenmBaHme

11. to stay close together — ocTtaBatbcs psimom

12. to retain a regular fixed arrangement — coXpaHsSTh OOBIYHOE
(bUKCUPOBaHHOE PACIIONIOKEHUE

13. close packing of the crystal — mnoTHas ynmakoBka KpucTasia

14. condensed phase — konaeHCUpOoBaHHas (aza

15. to be piled closely together — ObIThH ClIOKEHHBIM BILIOTHYIO APYT
K Ipyry

16. randomness of structure — 6ecriopsiIOYHOCTb CTPYKTYPbI

17.  fluidity — Texy4decTb

II. Give the Russian equivalence for the following:

to be in equilibrium, the tendency for crystals to melt, differ in
properties, to have a definite volume, stay close together, a random structure,
the density of a liquid, like a solid, from the molecular point of view, to
move vigorously.

II1. Give the English equivalence for the following:
TOYKA IUIABJIEHUS  BEHIECTBA, HW3MEHUTh  MECTOIOJOKEHHUE,
IrpYNIUPOBKA MOJIEKYJI BOKPYT, IUNIOTHAS YIIAKOBKA, KaXas MOJIEKYJIa HO/a,

55



B OTIMYMUC OT Tas3a, XapaKTCpU30BaATLCA I-IGM-J'II/I6O, ITPOU3BOJIBHOC
PaCIOJIOKCHUC MOJICKYJI, HAI'PCTh 10, HAXOAUTHCA B PABHOBCCHMH.

IV. Translate the following sentences into Russian:

1. That solid, liquid and gas are the three main states of a substance is
a matter of common knowledge.

2. As a crystal is heated, its molecules are agitated.

3. At the melting point the agitation finally becomes so great that it
causes the molecules to change.

4. A liquid, like crystal 1s a condensed form of matter.

5. The density of a liquid is less than that of the corresponding crystal
because of the randomness of its structure.

V. Translate the following sentences into English:

1. Kaxx1oe BEmeCTBO UMEET CBOIO ONPEAEIEHHYIO TOUKY ILJIABJICHUS
IIPU OJIMHAKOBOM JIaBJICHUH.

2. Touka naBieHUs: TBEPIOrO BEUIECTBA — ATO B TO K€ BPEMS TOUYKA
3aMep3aHus KUIKOCTH.

3. VI3BeCTHO, UTO KUIKOCTh MPUHUMAET (POopMy cocyaa, B KOTOPOM
OHA COIEPIKUTCSL.

4.B ornuuyue OT rasa, y KpPHUCTAIUIOB MU KUAKOCTEH MOJEKYJIbI
pacrnojiaratroTcsi 1I0BOJIbHO OJIU3KO JIPYT K APYTY.

5. CTpyKkTypa JKMAKOCTH MPOU3BOJIbHA, TO3TOMY IUIOTHOCTh
AKUJKOCTU HECKOJIbKO MEHbIIIE, YEM Y KpUCTAILIA.

VI. Translate the following sentences paying attention to the ing-
forms:

1. Crystals melt forming liquid iodine.

2. The temperature at which the crystals and the liquid are in
equilibrium is called the melting point.

3. Freezing of a liquid is very interesting to observe.

4. The grouping of molecules around a given molecule changes by
raising the temperature.
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5. From the molecular point of view the process of melting can be
described in the following way.

VII. Read the text below to find out information about the nature
of liquid.

Text 10A
The Nature of a Liquid

When 1odine crystals are heated to 114°C, they melt forming liquid
iodine. The temperature at which the crystals and the liquid are in
equilibrium - that is, at which crystals have no tendency to melt or the liquid
has no tendency to freeze — is called the melting point of the crystals, and
the freezing point of the liquid. This temperature is 114°C for iodine.

Liquid iodine differs from solid iodine (crystals) mainly in its fluidity.
Like the solid, and unlike the gas, it has a definite volume (1 g occupies
about 0.2 cm?), but it does not have a definite shape: instead, it fits itself to
the shape of the bottom part of its container.

From the molecular viewpoint the process of melting can be described
in the following way. As a crystal is heated, its molecules are increasingly
agitated, and move about more and more vigorously, but at lower
temperature, this thermal agitation does not carry any one molecule any
significant distance away from the position fixed for it by the arrangement
of its neighbours in the crystal. At the melting point the agitation finally
becomes so great that it causes the molecules to slip by one another and to
change somewhat their location relative to one another. They continue to
stay close together, but do not continue to retain a regular fixed arrangement.
Instead, the grouping of molecules around a given molecule changes
continually, sometimes being much like the close packing of the crystal, in
which each iodine molecule has twelve near neighbours, and sometimes
considerably different, the molecule has only ten or nine or eight near
neighbours. Thus, a liquid, like a crystal, is a condensed phase, as contrasted
with a gas, the molecules being piled rather closely together; but whereas a
crystal is characterized by regularity of atomic or molecular arrangement, a
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liquid is characterized by randomness of structure. The randomness of
structure is usually the reason why the density of a liquid is somewhat less
than that of the corresponding crystal.

VIII. Answer the following questions about the text:

1. What temperature is called the melting point?

2. How does liquid iodine differ from solid iodine?

3. In what way is it possible to explain the change from the solid to the
liquid?

4. What is the principal difference between solid and liquid from the
structural point of view?

5. How are molecules in a liquid arrange?

IX. Fill in the blanks with the information from the text:

1. Crystals of 10din when they are heated to 114°C.

2. Liquid iodine differs from solid iodine by its

3. The liquid is characterized by

4. As a crystal the molecules are increasingly agitated.
5. A liquid has a definite volume bat no definite

X. Read the text, try to get it as a whole.

Text 10B
The Nature of a Gas

That the molecules of a gas are not held together, but are moving freely
in a volume rather large compared with the volumes of the molecules
themselves is the characteristic feature of a gas. The Van der Waals
attractive forces between the molecules still operate whenever two
molecules come close together, but usually these forces are negligibly small
because the molecules are far apart. Because of this freedom of molecular
motion, a specimen of a gas does not have either definite shape or definite
size. A gas shapes itself to its container.
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Gases at ordinary pressure are very dilute: the molecules themselves
constitute only about one-thousandth of the total volume of the gas, the rest
being empty space. Thus, 1 g of solid iodine has a volume of about 0.2 cm?
(its density is 4.93 g/cm?), whereas 1 g of iodine gas at 1-atm pressure and
at the temperature of 184°C (its boiling point) has a volume of 148 cm?, over
700 times greater. The volume of all the molecules in gas at ordinary
pressure 1s accordingly small compared with the volume of the gas itself. On
the other hand, the diameter of a gas molecule is not extremely small
compared with the distance between molecules; in a gas at room temperature
and 1-atm pressure the average distance from a molecule to its nearest
neighbours is about ten times its molecular diameter.

XI. Find answers to the following questions in the text:

1. What is the characteristic feature of a gas?

2. Why are Van der Waals attractive forces small in a gas?

3. What can you say about the shape and size of a gas?

4. What kind of substances are gases at ordinary pressure?

5. What is the volume of all the molecules in a gas at ordinary
pressure?

6. What is a diameter of the gas molecules?

7.1s the distance between the molecules of a gas at 1-atm pressure
greater than diameter of the molecule itself?

8. How do molecules move in a volume of a container?

9. Are the molecules of a gas rather close together at ordinary
pressure?

XII. Find sentence characterizing the following:
1. the movement of molecules in a gas;

2. Van der Waals attractive forces in a gas;

3. the volume of a gas at ordinary pressure;

4. the volume of 10dine gas at 1-atm pressure;

5. the diameter of a gas molecule.
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Unit VI
THE ARRHENIUS THEORY OF ACIDS AND BASES

I. Remember the following words and words combinations from
the text:

1. class of equilibria — knacc paBHOBecuii

2. acid-base reaction — KUCJIOTHO-OCHOBHAsI PeaKLUs

3. to involve (to include) — BktOUaTH

4. nomenclature of acids and bases — HOMeHKIaTypa KHUCIOT H
OCHOBaHUU

5. to suggest — nmpeaaraTh

6. sour taste — KUCJIBIN BKYC

7. alkalis — menouun

8. to neutralize the action of acids — HeliTpanu30BaTh 1EHCTBUE KUCIOT

9. to have different strengths — uMeTh pazHble CONPOTHUBIICHUS

10. degree of dissociation — cTeneHb AUCCOITUAIIUN

11. hydroxyl ion — ruApPOKCUIBHBIN HOH

12. to be responsible for — ObITh OTBETCTBEHHBIM 32

13. to concern the nature — KkacaTbCsi IPUPOIBI

14. aqueous solution — BOAHBINA pacTBOP

15. tobe capable of acting as bases — ObITh CHOCOOHBIM JIEHCTBOBATH
B Ka4€CTBE OCHOBAaHUU

16. dissociation — pa3ioxxeHue

II. Give the Russian equivalents for the following:

acid-base reaction, ionic dissociation theory, to neutralize the action
of acids, necessary constituent, hydroxyl ion, advance in chemical theory,
nomenclature of acids and bases, basic properties, aqueous solution, acidic
properties.

II1. Give the English for the following:

JIGI\/JICTBOBaTB KaK OCHOBAHHC, KJ'IaCCI/I(bI/IKaLII/IH KHUCJIOT N OCHOBaHI/Iﬁ,
KHCJIBIN BKYC, 3JICKTPOIIPOBOAHOCTDb, CTCIICHb AUCCOIMAINH, OIIPCACICHUC
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TPYAHOCTH, HGO6XOI[HMBII>1 KOMIIOHCHT KHCJOT, OBITH OTBETCTBECHHBIM 34,
KJIacC paBHOBeCI/Iﬁ, COJIAHaA KHCJIOTa.

IV. Translate the following sentences into Russian:

1. There is a perhaps no other class of equilibria as important as that
involving acids and bases.

2. The classification of “acid-base reaction” includes a vast number of
chemical changes.

3. Arrhenius 1onic dissociation theory was developed between 1880
and 1890.

4. The proton was responsible for acidic properties.

5. The theory of ionic dissociation has played a great role in the
development of chemistry.

V. Translate the following sentences into English:

1. ITomararor, YTO KHCJIOTa JOJDKHA COJEp)KaTh BOJOPOJ Kak
HEOOXOAMMBIN KOMIIOHEHT.

2. Knaccudukanusi BeHIECTB Ha KHUCJIOTHI OblIa OOyCIOBJIEHA HX
KHCJIBIM BKYCOM.

3.3a  menoun = NpUHUMAIM  BEIIECTBA, KOTOPbIE  MOTJIHU
HEUTPaAIN30BaTh IENCTBUS KUCIIOT.

4.B 1810 r. [I»BH mokazaii, 4To COJsIHasi KUCIOTa COJIEPKUT TOJIBKO
BOJIOPOJI U XJIOP.

5. Cy11ecTBOBajIO MHEHUE O TOM, YTO BCE KHUCJIOTHI UMEIOT BOJOPO/]
KaK OCHOBHOW KOMIIOHEHT.

VI. Translate the following sentences. Define the types of
Subordinate Clauses:

1. Alkalis were taken as substances that could neutralize the action of
acids.

2. It was thought also that an acid must have, as necessary constituent,
the element oxygen.

3. An experiment of why acids had different strengths was one of the
important results of the Arrhenius ionic dissociation theory.
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4. While this point of view was a considerable advance in chemical
theory, it led to certain difficulties.

5. A similar scheme applied to the behaviour of bases which were all
thought to produce the hydroxyl ion in solution.

VII. Read the text below and find out information about states of
matter.

Text 11A
The Arrhenius Theory of Acids and Bases

There is perhaps no other class of equilibria as important as that
involving acids and bases. As we continue the study of chemistry, we shall
find that the classification “acid-base reaction” includes a vast number of
chemical changes, so that the principles and practical points are of very
general use. Now we must devote some time to a nomenclature and
classification of acids and bases.

The classification of substances as acids was at first suggested by their
sour taste, and alkalis were taken as those substances that could reverse or
neutralize the action of acids. It was thought also that an acid must have, as
necessary constituent, the element oxygen, but in 1810 Davy demonstrated
that hydrochloric acid contained only hydrogen and chlorine. Shortly
thereafter the view was taken that all acids had hydrogen as an essential
constituent.

An explanation of why acids had differing strengths was one of the
important results of the Arrhenius ionic dissociation theory, developed
between 1880 and 1890. The chemical activity and electrical conductivity
of solutions of acids were taken to be consequences of their reversible
dissociation into ions, one of which was H™:

HCI=H"+CI.

The fact that different acids had different strengths was explained as a
result of a variation of the degree of dissociation. A similar scheme applied
to the behaviour of bases, which were all thought to produce the hydroxyl
ion in solution:
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NaOH(s) = Na'(aq) + OH (aq).

Thus, the proton was responsible for acidic properties, and the
hydroxyl ion was responsible for basic properties.

While this point of view was a considerable advance in chemical
theory, it led to certain difficulties. The first of these concerned the nature
of the proton in aqueous solution, and the second had to do with the fact that
substances which did not contain hydroxyl ion were capable of acting as
bases.

VIII. Answer the following questions about the text:

1. What are the characteristic properties of acids?

2. What was the classification of substances as acids at first suggested
by?

3. What did Davy demonstrate in 18107

4. What was one of the most important result of the Arrhenius ionic
dissociation explained?

5.How was the fact that different acids had different strengths
explained?

IX. Fill in the blanks which information taken from the text:

1. The proton for acidic properties.

2.In 1810 Davy demonstrated that contained only hydrogen
and chlorine.

3. The fact that different acids had different strengths was explained
as a result of a variation of the

4. While this point of view was a considerable , 1t led to
certain difficulties.

5. The chemical activity and of solutions of acids were
taken to be consequences of their dissociation into ions.
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X. Read the text, try to get it as a whole.

Text 11B
A Kinetic Theory of Liquids

In a liquid, molecules are close to each other, and consequently the
forces exerted on one molecule by its neighbours are substantial. Thus, the
problem of analyzing the motion of a single molecule is exceedingly
difficult, for each is constantly in “collision”, subject to the forces for as
many as twelve nearest neighbours. What then can we say about molecular
motion in liquids? One of the most revealing observations in this respect was
made by the botanist Robert Brown in 1827. Brown discovered that very
tiny particles (10 cm diameter) suspended in a liquid undergo incessant
randomly directed motion. These motions occur without any apparent
external cause such as stirring or convection, and are evidently associated
with an intrinsic property of all liquids. A wealth of experimental
observation has confirmed the idea of this Brownian motion being a direct
manifestation of the thermal motion of molecules. When it is suspended in
a liquid, a very small particle constantly experiences collisions with all the
molecules surrounding it. If the particle is small enough, so few molecules
will be able to collide with it, that at any particular instant the number
striking it from one side may be different from the number striking it from
the other sides; consequently, the particle will be displaced. Subsequently,
another unbalance of collisional forces may occur, this time displacing the
particle in a different direction. The great majority of these displacements
are so small that they cannot be detected individually, but the motion which
is observed is a result of many of the smaller random displacements. In
essence, a Brownian particle is a “molecule” thought to be large enough to
be observable, but small enough to execute observable random thermal
motion.

Analysis of the motion of Brownian particles shows that their kinetic
energy is °/» kT. Since each particle is to be considered as one of the
molecules of the liquid we can conclude that the average kinetic energy of a
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molecule in a liquid is also */> kT — exactly the same as the kinetic energy of
a gaseous molecule at the same temperature.

XI. Find answers to the following questions in the text:

1. How are molecules arranged in a liquid?

2.The problem of analyzing the motion of a single molecule is
difficult, isn’t it? And why?

3. What did botanist Robert Brown discover in 18277

4. What has a wealth of experimental observation confirmed?

5. What is Brownian motion now?

6. When may another unbalance occur?

7.Can displacement in the motion of molecules be detected
individually?

8. What is the average kinetic energy of a molecule in a liquid?

9. In what way do liquids resemble solids?

XII. Find sentences characterizing the following:

1. arrangement of molecules in a liquid;

2. the problem of analyzing the motion of a single molecule;

3. the discovery made by the botanist Robert Brown in 1827;

4. Brownian motion is a direct manifestation of the thermal motion of
molecules;

5. kinetic energy due to analysis of the Brownian particles.

Text 12A
Molecules in Gases and Liquids

I. Remember the following words and words combinations from
the text:

1. equal volumes of gases — paBHbIE 00bEMBI Ta30B

2. regardless of composition — He3aBUCHUMO OT COCTaBa

3. the same temperature and pressure — 0JJuHAKOBBIE TEMIIEpaTypa U
JABJICHHE

4. to calculate by different methods — paccunurats pazubiMu MeTOIaAMU
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5. increasing refinement — Bo3pociiiee yTOUHEHHE

6. to move at the same rate — IBUTaTbCS C TOU KeE CKOPOCTBIO

7. to flow in a stream — Te4b IIOTOKOM

8. extent of motion — MPOTKEHHOCTH (TPOCTPAHCTBO) ABUKECHUS

9.to give evidence — naBaTh JI0Ka3aTeIHLCTBA

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

the force of cohesion — cuna cuennenus

to occupy space — 3aHUMaTh IPOCTPAHCTBO

to have effect on — oka3bIBaTh BIMAHNE Ha

to be adjacent — ObITh psAOM

to move at the same velocity — ABUTaThCs € TOM K€ CKOPOCTHIO
force of attraction- cuia npuTsKEHUS

to overcome the cohesive force — npeogoneTs cuily cuemieHus
vapour pressure — J1aBjieHue napa

to leave the surface — ocTaBUTh TOBEPXHOCTH

evaporation — uCrapeHue

the act of boiling — mpouiecc kunsiueHus

to be accomplished — ObITH TOCTUTHYTHIM

to raise the temperature — NoBBILLIATH TEMIIEPATYPY

to reduce the pressure — moHWXaTh TEMIIEPATYPy

I1I. Give the Russian equivalents for the following:

a gram-molecular weight, to calculate by different methods, to move
at the same rate, the force of cohesion, below the surface layer, throughout
the liquid, to accomplish the boiling, to reduce pressure, to occupy the
volume, the extent of motion.

II1. Give the English for the following:
HE3aBUCHUMO OT COCTaBa, OJWHAKOBOE YHUCIO MOJIEKYJ, O]

AaBJICHUCM B OJHY aTMocq)epy, Harp€BaHUC KHUIAKOCTHU, ABUIATLCA C

0O0IBIION CKOpPOCTBIO, IIPH HaHHOﬁ TCMIICPATYPEC, B OTIIMYHUHN OT, TCHACHIIUA

K UCIIAapCHUIO, 1OCTUYb aTMOC(l)epHOI‘O JaBJICHUA, OKa3bIBaTh BJIMSAHHNEC HA.
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IV. Translate the following sentences into Russian:

1. Molecules of a liquid move at the same rate as those in a gas at equal
temperatures.

2. Some of the more rapidly moving molecules overcome the cohesive
force of their neighbor and leave the surface.

3. The tendency to evaporate varies from liquid to liquid.

4. According to Avogadro’s principle, equal volumes of gases contain
the same number of molecules at the same temperature and pressure.

5. Heating liquids, as a rule, results in their expansion.

V. Translate the following sentences into English:

1.IIpu onuHAKOBOW TeMIEpaType CpPEIHUE CKOPOCTH JBHUKECHUS
MOJIEKYJI KUIKOCTH U ra3a OIUHAKOBBI.

2. TenneHIMs K HMCHApPEHUIO YBEJIWYMBAETCS, KOI/A IOBBIILIACTCS
TeMIIEpaTypa.

3. Touka KuMeHUsT KUIAKOCTH ONPEAEISIETCA TEMIIEPATYpOrd U
JABJICHUEM.

4. Harpeanue Tena, Kak MPAaBUIO, NPUBOAUT K YBEIUYEHHUIO €r0
o0bema.

5. Henp3s cka3zaTh, 4TO BCE KUJIKOCTH HCIAPSIOTCA C OJUHAKOBOU
CKOPOCTBIO.

VI. Translate the following sentences into Russian. Define the
Types of Subordinate Clauses.

1.1t is argued that molecules in a liquid are adjacent, close enough to
flow in a continuous stream.

2. The tendency to evaporate increases when the temperature is raised.

3. As arule, there is a tendency of the molecules to occupy more space
when they move at a faster rate.

4. In general, vapour pressure increases when the temperature rises.

5. As the hydrides of the alkali decompose in water, hydrogen is being
released.
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VII. Read the text below and find out information about molecules
in gases and liquids.

Text 12A
Molecules in Gases and Liquids

According to Avogadro's principle, equal volumes of gases regardless
of composition, contain the same number of molecules at the same
temperature and pressure. As a consequence of the principle, the gram-
molecular weight of any gaseous substance occupies 22.4 litres at standard
temperature (0°C) and pressure (760 mm of mercury). The number of
molecules per gram-mole has been calculated by different methods of
increasing refinement through the years, and is now considered to be
6.023x10% atoms per gram-atom, or molecules per gram-mole, and it is
accurate within 0.1%. For example, one mole of ammonia gas (NH3z —
weighs 17.073 grams, occupies a volume of 22.4 litre at standard
temperature and pressure, and contains 6.023x10%° molecules).

At the same temperature, molecules of a liquid move at the same rate
as those in a gas. In a liquid, however, the extent of motion must be more
restricted. Liquids flow as a stream and tend to form drops to a greater or
less extent, thus giving evidence of the importance of the force of cohesion
between the molecules in a liquid. Heating liquids, as a rule, results in their
expansion, an effect explained by the tendency of the molecules to occupy
more space when they move at a faster rate. Also, increase in pressure has
but slight effect on the volume compressible. From this evidence it is argued
that molecules in a liquid are ajacent, close enough to flow in a continuous
stream.

The molecules in a liquid, like those in a gas, are not all moving at the
same velocity, but at the same average velocity at a given temperature. The
molecules at the surface of a liquid, unlike those below the surface layer,
have no force of attraction from molecules above. Some of the more rapidly
moving molecules overcome the cohesive force of their neighbour and leave
the surface. The tendency to leave the surface or to evaporate varies from
liquid to liquid, and it increases when the temperature is raised. The pressure
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caused by the evaporation of molecules from a liquid, measured at
equilibrium with the returning molecules at a given temperature, is called
the vapour pressure. In general, vapour pressure increases when the
temperature rises. With continued addition of heat the vapour pressure rises
still more until the vapour pressure reaches the vapour pressure of the
atmosphere above the liquid. The evaporation goes on throughout the liquid,
and the liquid is boiling. Obviously, the act of boiling can be accomplished
either by raising the temperature of the liquid or by reducing the pressure of
the atmosphere above the liquid.

VIII. Answer the following questions about the text:

1. What does Avogadro’s principle state?

2. In what way can the number of molecules per mole be determined?
3. What forces act between the molecules in a gas and in a liquid?

4. What affects the molecular motion?

5. What process is called evaporation?

IX. Fill in the blanks which information taken from the text:

1. At the same temperature molecules of a liquid move as
those of gas.

2. The molecules of a liquid are not moving at a given
temperature.

3. Some of the more rapidly moving molecules of their

neighbor and leave the surface.

4. The tendency to varies from liquid to liquid.

5. The pressure caused by evaporation of molecules from liquid is
called
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X. Read the text, try to get it as a whole

Text 12B
Liquids and Solutions

Solids and gases represent the extreme states of behaviour in which
some of the properties found in either solids or gases are molecules. The
liquid state can be thought of as an intermediate condition displayed.
Liquids, like gases are 1sotropic and flow readily under applied stress, but
like solids, they are dense, relatively incompressible, and have properties
that are largely determined by the nature and strength of intermolecular
forces. With respect to molecular order, liquids are substances considered to
be intermediate between solids and gases. The fact that liquids are isotropic
tells us immediately that they do not have the extended lattice structure and
long-range order of solids. Yet, the density of a liquid is generally only 10%
less than that of its solid phase; this must mean that the molecules in a liquid
are packed together with some regularity, and do not exhibit the complete
chaos associated with molecules in the gas phase.

One of the most important properties of liquids is their ability of acting
as solvents. In the first place, liquid solutions provide an extremely
convenient means of bringing together carefully measured amounts of
reagents and of allowing them to react in a controlled manner. Second, the
nature of the reactions which proceed and the speed at which they occur can
be greatly influenced by the properties of the liquid solvent medium. Finally,
the physical properties of solutions are interesting and important, because
they can be used to determine molecular weights of dissolved substances
and to study the nature and strength of forces between solvent and solute
molecules.

One of the most engaging and absorbing features of the study of
chemistry is the attempt to explain the behaviour of bulk matter in terms of
molecular properties. Therefore, it is important to outline a molecular picture
which will help us to understand and relate phenomena associated with the
liquid state.
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XI. Answer the following questions about the text:

1. What are the main states of matter?

2. How can the liquid state be thought?

3. Is there any difference in the density of solids, liquids or gases?

4. Why are liquids usually thought of as solvents?

5. What can you say about the physical properties of solutions?

6. What position do liquids occupy?

7. What are the main properties of liquid?

8. What is one of the most important features of the study of
chemistry?

9. What will help us understand the phenomena associated with the
liquid state?

XII. Find sentences characterizing the following:

1. the volume of gases;

2. the calculation of number of molecules per gram-mole;
3. movement of molecules of a liquid;

4. the effect of heating the liquid;

5. the tendency of molecules to evaporate.
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Unit VII
TEMPERATURE SCALES

I. Remember the following words and words combinations from
the text:

1. temperature scales — TeMnepaTypHbI€ IIKaJIbI

2.to place in contact — pa3MecTUTh B KOHTAKTE

3. to determine the direction — onpeneanTs HampaBiIcHUE

4. to measure temperature — U3MEPATh TEMIIEPATYPY

5. ordinary mercury thermometer — 0OBbIYHBII PTYTHBIM TEPMOMETP

6. glass tube — mpoOupka

7. centigrade of Celsius scale — crorpaaycnas unu mkana Lleascust

8. to saturate — HACBIIATH

9. Fahrenheit scale — mkana ®@apenreiita

10. the freezing point of water — Touka 3amep3aHusi BOJIbI

11.  to be devised — ObITH pazpabOTaHHBIM

12.  to invent the mercury thermometer — u300pecTd PTYTHBHIM
TEPMOMETD

13.  zero point of the scale — HyneBas Touka mIKaIbI

14.  to mix equal quantities — cMemMBaTh PaBHOE KOJIMYECTBO

15.  to have a slight fever — umMeTb HEOOBIIIYIO TUXOPAJIKY

16. to convert temperature from one scale to another — nepeBoAUTH
TEMIIEPATYPY U3 OJHON HIKAJIBI B APYTYIO

17.  Rankin scale — mkana Pankuna

II. Give the Russian equivalents for the following:

ammonium chloride, to calibrate the thermometer, centigrade scale,
ordinary mercury thermometer, a Swedish professor of astronomy,
temperature of freezing water, the zero point on the scale, to convert
temperature, absolute zero, object at lower temperature.

II1. Give the English for the following:
MOJyYUTh COCAUHCHUE HATPEBAHUEM, TEIUIOBAs SHEPTUS, U3MEPSTh
TeMIepaTypy, CTEKJIsSHHas TpyOKa, HACHIATh BO3AYXOM, H300pecTH
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PTYTHBIA TEPMOMETP, CMEIIMBAHUE PA3HBIX KOJHWYECTB, TEMIIEpATypHAas
mikana, rpaagyc no dapeHrenty, TemieparypHas mkaina PaHkuHa.

IV. Translate the following sentences into Russian:

1. Temperature determines the direction in which thermal energy
flows when the two objects are in contact.

2. Thermal energy flows when the two objects are in contact.

3. Fahrenheit devised alcohol thermometer.

4. Only the Fahrenheit scale is used in the English-speaking countries.

5. The temperature of the boiling point is 100 degrees centigrade.

V. Translate the following sentences into English:

1. Temmneparypa — 3TO KaueCTBO, KOTOPOE OMPEAEISET HANPABICHUE
MPOXO0KICHHS TETUIOBOM SHEPTHUH OT OJTHOTO 00BEKTA K IPYTrOMYy.

2. O0BIYHO TEMIIEpaTypa U3MEPSIETCS TEPMOMETPOM.

3. TemneparypHasi mkana Obula BBeaeHa LlembcueMm, MIBEACKUM
npodeccopomM acCTPOHOMHUHU.

4. Touka 3amMep3aHus BOJIbl Ha IIKayie (papeHreiTa paBHa 32°.

5./Horna B aHIJIOA3BIYHBIX CTpaHaX MCIOJIB3YETCs TeMIleparypa
mKanbl PaHKHHA.

VI. Translate the following sentences, paying attention to
Participle I or I1:

1. Temperature is usually measured by ordinary mercury thermometer,
consisting of a quantity of mercury in a glass tube.

2. The temperature scale used by scientists is centigrade or Celsius
scale.

3. On this scale the temperature of freezing water saturated with air 1s
0°C.

4. On the Fahrenheit scale used in everyday life in English-speaking
countries, the freezing point of water is 32°F.

5. While calibrating his thermometer Fahrenheit had a slight fever.
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VII. Read the text below to find out information about the
temperature scales.

Text 13A
Temperature Scales

If two objects are placed in contact with one another, thermal energy
may flow from one object to the other one. Temperature is the quality that
determines the direction in which thermal energy flows — it flows from the
object at higher temperature to the object at lower temperature.

Temperatures are ordinarily measured by means of a thermometer,
such as the ordinary mercury thermometer, consisting of a quantity of
mercury in a glass tube. The temperature scale used by scientists is the
centigrade or Celsius scale; it was introduced by Anders Celsius (1701 —
1744), a Swedish professor of astronomy, in 1742. On this scale the
temperature of freezing water saturated with air is 0°C and the temperature
of boiling water is 100°C at 1-atm pressure.

On the Fahrenheit scale, used in everyday life in English-speaking
countries, the freezing point of water is 32°F and the boiling point of water
1s 212°F. On this scale the freezing point and the boiling point differ by 180°,
rather than 100° of the centigrade scale. The Fahrenheit scale was devised
by Gabriel Fahrenheit (1686-1736), a natural philosopher who was born in
Danzig and settled in Holland. He invented the mercury thermometer in
1714; before then, alcohol had been used as the liquid in thermometers. As
the zero point on his scale he took the lowest temperature he could obtain,
produced by mixing equal quantities of snow and ammonium chloride. His
choice of 212° for the boiling point of water was made in order that the
temperature of his body should be 100°F. The normal temperature of the
human body is 98.6°F; perhaps Fahrenheit had a slight fever while he was
calibrating his thermometer.

To convert temperatures from one scale to another, you need only
remember that the Fahrenheit degree is '°/1s0 or °/o of the centigrade degree,
and that 0°C is the same temperature as 32°F.
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Another absolute scale, the Rankine scale, 1s sometimes used in
engineering work in the English-speaking countries. It uses the Fahrenheit
degree, and has 0°R as the absolute zero.

VIII. Answer the following questions about the text:

1. What is temperature?

2. In what way can the temperature be determined?

3. Who introduced the centigrade scale?

4. What scale is now used in English-speaking counties?

5. What is the difference between centigrade scale and Fahrenheit one?

IX. Fill in the blanks which information taken from the text:

1. The Fahrenheit scale was devised by a natural
philosopher.

2. Temperatures by thermometers.

3. The temperature of the 1s 100 degrees centigrade.

4. The normal temperature of the on the Fahrenheit scale
is 98,6°F.

5. Another absolute scale is sometimes used in English-

speaking countries.
X. Read the text, try to get it as a whole.

Text 13B
Celsius versus Centigrade

The Ninth General Conference on Weights and Measures, held in
October, 1948, adopted the name “Celsius” for the scale of temperature
which had more commonly been called “centigrade”. This action, which had
not been proposed in advance of the Conference, arose from a question
regarding preferred usage in French, the sole official language of the
Conference. The decision might be considered as applying strictly only to
hat language. In the interest of eventual uniformity of practice the use of
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“Celsius” appeared desirable, but it was not practicable to impose this term
on those who preferred “centigrade”.

In preparation for the General Conference the National Bureau of
Standard submitted a revised text defining the International Temperature
Scale to supersede that adopted in 1927. The proposed text was drafted in
English and, in accordance with common English practice as well as the
official French text adopted in 1927, it used the name “centigrade”. This
name was carried over into the French translation prepared for consideration
by the Advisory Committee on Thermometry in May, 1948. However, in the
printed report of that meeting, the term “centigrade” had, in most cases, been
changed to “centesimal”, the term that was used in the French law governing
weights and measurements. When it was asked to choose between the two,
the International Committee on Weights and the General Conference voted
to substitute “Celsius”.

With regard to the merits of the decision it might be remarked that
Celsius (abbreviated C) was analogous to the names Kelvin, Fahrenheit,
Reaumur, and Rankine, used for other temperature scales, that it had
previously been used considerably in some countries, and occasionally in
America. It might also be argued that “centigrade” was logically ambiguous,
since the absolute Kelvin scale, as well as the centigrade scale has 100
degrees between the ice point and the boiling point of water. On the other
hand, the name “centigrade” was thoroughly established in English-
speaking countries, the need for choosing between that name and
“centesimal” arose only in French, and the decision on a term in the official
French language of the Conference might not be considered as controlling
the terms to be used in translating into other tongues.

XI. Find answers to the following questions in the text:

1. What problems were discussed at the conference in 1948?

2. What name was adopted for choosing a single name for the scale?
3. What was the reason for choosing a single name for the scale?

4. Why was the name «Celsius» considered preferable?

5. What other name for this scale do you know?

6. What other temperature scales do you know?
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7. What scale was established in English-speaking countries?

8. What is the similarity between absolute Kelvin scale and centigrade
one?

9. What temperature scales are used in Russia?

XII. Find sentences characterizing the following:

1. conference on weights and measures held in October, 1948;

2. the name for temperature scale adopted at the conference;

3. the temperature scale used in English-speaking countries;

4. the absolute Kelvin scale and centigrade scale have 100 degrees
between the ice point and boiling point of water;

5. Celsius was analogous to the names established in English-speaking
countries.

Text 14A
The Kelvin Temperature Scale and Modern Means
of Meaning the Temperature

I. Remember the following words and words combinations from
the text:

1. to notice — 3ameyaTh

2. a sample of a gas — oOpazer raza

3.to cool a gas — oxyaxxaars ra3

4. to develop a concept — pazpabaThIBaTh KOHIICTIIIUIO

5. to decrease in volume — yMeHbIIUTHCS B 00BEME

6. absolute zero — aOCOIOTHBIN HOJIb

7. law of thermodynamics — 3aK0H TEpMOIMHAMUKU

8. triple point of water — TpoitHast TOYKa BOBI

9. to be in equilibrium — HaXOIUTHCS B paBHOBECUU

10. to determine thermodynamic temperature at a fixed point —
OTIPEICTUTh TEPMOIMHAMUYECKYIO TEMIIEpaTypy B (PUKCUPOBAHHOM TOUKE

11. highly accurate measurements — 04eHb TOYHBIE U3MEPECHUS

12. convenience of instruments — y100cTBO IprOOPOB

13. resistance thermometer — TepMoMeETp COMPOTUBIICHUS
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14.  mercury thermometer — pTyTHBII1 TEpMOMETP
15. thermocouple — Tepmonapa

16. to feel the need — uyBcTBOBaTH HEOOXOAUMOCTD
17. gas thermometer — ra3oBblil TEpMOMETP

I1I. Give the Russian equivalents for the following:

sample of a gas, the law of thermodynamics, to be in equilibrium,
triple point of water, one-atmosphere pressure, highly accurate
measurement, resistance thermometer thermocouples, to decrease the
volume, to become zero.

II1. Give the English for the following:

pa3paboTarh  KOHICMIMIO, TOYHO  H3MEPATH  TeMIeparypy,
3HaMeHUTHIM bputanckuii (usuk, BbIpakaTb B NOpocTor Gdopme,
aHAJIOTUYHBIA METO/I, HOBas TEMIIepaTypHas ITKajia, ONpeAeIICHIE Ipaayca,
CO37aHUE MEXIyHApOJHON TeMIEepaTypHOU IIKajbl, TEPMOIUHAMUYECKAS
TeMIIepaTypa, HaXOAUTHCS B PABHOBECHUU.

IV. Translate the following sentences into Russian:

1. Temperature does not depend on how much matter is present.

2. It 1s necessary that the temperature should be kept constant.

3. Thermodynamic temperatures of the fixed point must be determined
with as much accurate as possible.

4. The device was needed that measures essentially the
thermodynamic temperature.

5. Gas thermometer is quite enough to carry out such measurements.

V. Translate the following sentences into English:

1.Cro 5er TomMy Hazaj, Y4YCHBbIC 3aMETHJIM 3aBUCHUMOCTb MEXIY
TeMIiepaTypoi u 00bEMOM rasa.

2. Temmeparypa, Ipu KOTOpol o0beM oOpasiia raza Obl1 OBl paBeH
HYJIIO, Ha3BaJIid a0COTIOTHBIM HYJIEM.

3. Ha MexxayHapoaHOH IIKaJie CTaHAApTOB a0COMIOTHBIA HOJIb PaBeH
0°.

78



4. "a30BBIi TEPMOMETP UCHOJIB3YETCS 1JI1 OOBIYHBIX U3MEPEHUM.
5. JIlerko nojcuuTarh TeMIeparypy Ha mkaie Llenbcus.

VI. Translate the following sentences into Russian. Define the
Tenses:

1. The International standard temperature scale is the Kelvin scale with
a new definition of the degree.

2. About 200 years ago scientists noticed that a sample of a gas
decreases in volume.

3. The establishment of the International Temperature Scale has
required the thermodynamic temperature to be accurately determined.

4.1 think it would be right to study existing temperature scales first.

5.The device that has filled the need of making accurate
thermodynamic measurements is the gas thermometer.

VII. Read the text below to find out information about the Kelvin
Temperature Scale.

Text 14A
The Kelvin Temperature Scale and Modern Means of Meaning
the Temperature

About 200 years ago scientists noticed that a sample of gas that is
cooled decreases in volume in a regular way, and they saw that if the volume
were to continue to decrease in the same way, it would become zero at about
-273°C. The concept was developed that this temperature -273°C (more
accurately -273.15°C) is the minimum temperature, the absolute zero. A
new temperature scale was then devised by Lord Kelvin, a great British
physicist (1824 — 1907). The Kelvin scale is defined in such a way as to
permit the laws of thermodynamics to be expressed in a simple form.

The International Standard temperature scale is the Kelvin scale with
a new definition of the degree. The absolute zero is taken to be 0K and the
triple point of water is taken to be 273.15K. (The triple point of water, the
temperature at which pure liquid water, ice and water vapour are in
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equilibrium, will be discussed later.) With this definition of the degree, the
boiling point of water at one-atmosphere pressure is 373.15K and the
freezing point of water saturated with air at one-atmosphere pressure is
273.15K. Hence the SI Kelvin temperature 1s 273.15K greater than the
centigrade temperature.

VIII. Answer the following questions about the text:

1. What is the absolute zero?

2. When was a new temperature scale defined?

3. What temperature is the triple point of water?

4. What is the triple point of water?

5. How can you convert the centigrade temperature to Kelvin?

IX. Fill in the blanks which information taken from the text:

1. A new temperature scale was then devised by , a great
British physicist.

2. The concept was developed that this temperature -273°C is the
minimum temperature, the :

3. Hence the SI Kelvin temperature 1s 273.15K than the
centigrade temperature.

4. The Kelvin scale is in such a way as to permit the laws
of thermodynamics
5. The absolute zero to be OK and the triple point of water

is taken to be 273.15K.
X. Read the text, try to get it as a whole.

Text 14B
Temperature Dependence of Vapour Equilibrium

Experimental measurements show that the equilibrium vapour
pressure of a liquid increases as the temperature increases. In the
temperature range in which the vapour pressure is small, it is relatively
insensitive to the temperature, but the vapour pressure grows at an increasing
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rate as the temperature is raised. The temperature at which the equilibrium
vapour pressure becomes equal to 1 atm is called the normal boiling
temperature, or the boiling point. In the boiling process, bubbles of vapour
form throughout the bulk of the liquid. In other words, evaporation occurs
anywhere in the liquid, not just at the upper surface. The reason that this
occurs only when the vapour pressure equals the atmospheric pressure is
easy to understand. In order for a bubble to form and grow the pressure of
the vapour inside the bubble must be at least equal to the pressure exerted
on it by the liquid. This, in turn, is equal to the pressure of the atmosphere
plus the very small pressure due to the weight of the liquid above the bubble.
Therefore, bubble formation and boiling occur only when the vapour
pressure of the liquid is equal to the pressure of the atmosphere.

The initiation of a bubble in the bulk of a pure liquid is a very difficult
process, since it requires that many molecules with kinetic energies greater
than that required for vaporization must be close to one another. Hence, the
fact that the liquid reaches the boiling temperature is no guarantee that
boiling will occur. If it does not, continued addition of heat will cause the
liquid to become superheated, that is, to reach a temperature greater than its
boiling point. When finally occurring in a superheated liquid, the bubble
formation proceeds with almost explosive violence, because the vapour
pressure in any bubble formed greatly exceeds atmospheric pressure, the
bubbles tending to expand rapidly. Such violent boiling can be avoided
introducing agents which initiate bubbles in the liquid as soon as the boiling
temperature i1s reached. Porous pieces of ceramic material which evolve
small bubbles of air into which evaporation can occur serve very well in this
application.

VIII. Answer the following questions about the text:

1. What does experimental measurement show about the equilibrium
vapour pressure?

2. When does the vapour pressure grow?

3. How is the temperature at which the equilibrium vapour pressure
becomes equal to 1 atm called?

4. What happens with the bubbles of vapour in the boiling process?
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5. What is the reason for that?

6. When do bubble formation and boiling occur?

7. Why 1is the imitation of a bubble in a bulk of pure liquid very
difficult?

8. What is it necessary to do in order to make liquid superheated?

9. What happens in a liquid when it begins boiling? Describe the
procedure.

IX. Find sentences characterizing the following:

1. process of formation of the boiling point of water;

2. the reason of formation of bubbles and their growth;

3. the process of formation of bubbles within a liquid,;

4. the tendency of bubbles to expand rapidly in a liquid,;

5. the use of pieces of ceramic materials do contribute to evaporation.

82



Unit VIII
CHANGES OF MATTER

I. Remember the following words and words combinations from

the text:

l.to require time for completion - TpeOoBaTb BpeMEHU JId
3aBEpIICHHUSI

2. change in oxidation state — U3MEHEHUE B CTETICHNU OKHCIICHUS

3. neutralization of an acid by a base — HelTpanu3zanusi KUCIOTHI

IEJI0YBIO

4. presumably — mpeamoaI0KUTEILHO

5. hydronium ion — MOH IBYOKHCH BOJIOPOA

6. to collide — crankuBaTbcs

7. collision — CTOJIKHOBEHHE

8. delay in the reaction — 3anepxka peakiuu

9. to formulation of a precipitate — popmupoBanue

10.
11.
12.
13.
14.
15.
16.

silver chloride — xjopun cepedpa

crystalline grains — kpucTamIMuecKue rpanyJibl
stannous ion — MOH JBYXBAJIEHTHOTO OJIOBa

to transfer — mepeHOCHTH, IEpEMEIIATh
appreciable reaction — 3aMeTHast peakius

to be manifold — 6pITH MHOTOOOpa3HBIM
intimacy of the mixture — TecHas cBsi3b B CMECH

II. Give the Russian equivalents for the following:

require time for oxidation state, to be extremely fast, to form the
precipitate, oxidation-reduction reaction, an order for a reaction to take
place, to transfer electrons, to observe a reaction, to affect the reaction, to
collide with.

II1. Give the English for the following:
HEWTpanu3anus KHUCIOTbl OCHOBAaHUEM, CMELIMBATH PACTBOPBHI, MpPHU

KOMHATHOM TeMIIepaType, CMECh BOJIOPOJIa U KUCIOPOJa, BUAUMBIN CBET,

PCHTITCHOBCKUC JIYy4H, 0e3 W3MEHCHHS OKHCIMTEILHOTO COCTOAHMUA,
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nepejaya dJIEKTPOHOB, CKOPOCTh PEAKIHUM, OBITh MHOT'OUYHCIICHHBIM,
KOHLEHTpALUsI pEarcHTOB.

IV. Translate the following sentences into Russian:

1. In order for a reaction to take place, the collision between the ions
must result in the transfer of electrons from one ion to another.

2. The rate of the reaction depends on the temperature and pressure.

3. Ionic oxidation-reduction reactions are sometimes very slow.

4. In order that the reaction might occur, the reaction must be heated.

5. Every chemical reaction requires some time for its completion.

V. Translate the following sentences into English:

1. Bce xuMu4eckue peakuuu MpoOruCXoIAT C pa3HOU CKOPOCTBIO.

2. CKOpOCTh peaKklry 3aBUCHUT OT COCTABA PEArHPYIOIINX BEIIECTB U
YCIIOBUU PEAKIUH.

3. CyiiecTByeT MHOKECTBO (PAKTOPOB, KOTOPBIE OKA3bIBAIOT BIIMSHUE
Ha PEaKIIUIO.

4.Cpenn HHMX TMpeXIE BCEro CIEAYET Ha3blBaThb TEMIEPaATypy,
KOHIIEHTPAIMIO, HAJIMYKME KaTaIu3aTOPOB U APYTHE.

5. Horma CKOpOCTh PEAKIMUA B 3HAYUTEIIBHOW CTEIEHW 3aBUCUT OT
MPUCYTCTBUS KaTaJIN3aTOPOB.

VI. Translate the following sentences, paying attention to the use
of Modal Verbs:

1. The formulation of the precipitate such as that of silver chloride may
require a few seconds.

2. In order for a reaction to take place, the collision must be of such a
nature that electrons can be transferred from one iron to another.

3. A mixture of hydrogen and oxygen can be kept reaction taking
place.

4. In order that the reaction might occur, the reactants must be heated.

5. The example of the fast reaction is that of neutralization of an acid
by a base which proceeds as fast as the solutions can be mixed.
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VII. Read the text below to find out information about the rate of
chemical reactions.

Text 15A
Factors Influencing the Rate of Reactions

Every chemical reaction requires some time for its completion, but
some reactions are very fast and some are very slow. Reactions between ions
on solution without change in oxidation state are usually extremely fast. An
example is the neutralization of an acid by a base, which proceeds as fast as
the solutions can be mixed. Presumably nearly every time a hydronium ion
collides with a hydroxide ion reaction occurs, and the number of collisions
is very great, so that there is little delay in the reaction. The formulation of
a precipitate, such as that of silver chloride when solution containing silver
ion i1s mixed with a solution containing chloride ion, may require a few
seconds, to permit the ions to diffuse together to form the crystalline grains
of the precipitate:

Ag'(aq) + CI'(aq) — AgCl(c).

On the other hand, ionic oxidation-reduction reactions are sometimes
very slow. An example is the oxidation of a stannous ion by a ferric ion:

2Fe**+ Sn*" — 2Fe* + Sn*".

This reaction does not occur every time a stannous ion collides with
one or two ferric 1ons. In order for a reaction to take place, the collision must
be of such a nature that electrons can be transferred from one ion to another,
and collisions that permit this electron transfer to occur may be rare. An
example of a reaction that is extremely slow at room temperature is that
between hydrogen and oxygen:

2H, + O; — 2H,0.

A mixture of hydrogen and oxygen can be kept for years but we can
observe no appreciable reaction taking place.

That is why it is not unusual to hear chemists speaking about the
factors that determine the rate of a reaction. These are manifold. The rate
depends not only upon the composition of the reacting substances, but also
upon their physical form, the intimacy of their mixture, the temperature and
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pressure, the concentrations of the reactants, special physical circumstances
such as irradiation with visible light, ultraviolet light, X-rays, neutrons, or
other waves or particles, and the presence of other substances that affect the
reaction but are not changed by it.

VIII. Answer the following questions about the text:

1. What reactions proceed fast?

2. What reactions are usually slow?

3. In what way is silver chloride formed?

4. What example of oxidation-reduction reaction can you give?
5. What factors influence the reaction rate?

IX. Fill in the blanks which information taken from the text:

1. Among the factors that after are temperature,
concentration, etc.

2. On the other hand are sometimes very slow.

3. An example of a reaction that is extremely slow at room temperature
is between :

4. of hydrogen and oxygen can be kept for years.

5. Reaction between ions in solution without change in are
usually extremely fast.

X. Read the text, try to get it as a whole.

Text 15B
Factors Affecting the Boiling Point

The temperature at which a liquid boils, is dependent not only upon
the nature of the liquid itself, but also upon the pressure prevailing at the
time the boiling point is determined. An increase in the atmospheric pressure
causes a rise in the boiling point of a liquid; a decrease results in a lowering
of the boiling point.

Each individual substance capable of existing in the liquid state has its
own definite boiling point. Consequently, this property is used for
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identifying or characterizing a substance in the same way that density and
other physical properties are employed.

Inasmuch as the boiling point of a substance 1s affected by changes in
pressure, it has been found necessary to set up a standard pressure at which
all boiling points can be compared. A pressure of 760 mm Hg has been
selected as the standard. Thus, if the boiling point of water is given as 100°
C, the measurement is understood to have been made at a pressure of 760
mm Hg. Nevertheless, it is quite true to say that the boiling temperature of
water is 70°C at a pressure of 233.8 mm Hg; it is also correct to say that
carbon tetrachloride boils at a temperature of 70°C, but in this case the
pressure i1s 620 mm Hg. Boiling temperature should not therefore be used
for distinguishing one substance from another unless the values used have
been determined at the same pressure. Unless otherwise stated, a boiling
point value is understood to be the temperature at which a substance boils
under a pressure of 760 mm Hg.

One atmosphere (standard atmospheric pressure) is equal to 101.325
kNm™. It is not an approved SI (International System) unit of pressure, but
it is especially important in chemistry because many properties of substances
have been measured and recorded at 1-atm pressure. An approved SI unit of
pressure is the pascal (1 Pa =1 H/m?).

Another unit of pressure that has been much used in the past is the torr,
which is the height in millimetres of a column of mercury that balances the
pressure. The symbol mmHg is sometimes used for torr. The name of the
unit is taken from the name of the Italian physicist Evangelista Torricelli
(1609 — 1647), known for having invented the mercury barometer. One
atmosphere is equal to 760 torr.

XI. Find answers to the following questions in the text:

1. What factors is the boiling point of a liquid dependent on?

2. How does the atmospheric pressure affect the boiling point?

3. What was the need of setting up a standard pressure?

4. What pressure was selected as a standard?

5.In what way can the boiling point be used in comparing the
substances?
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6. What other units of pressure do you know?

7. What is one atmosphere equal to?

8. Why is SI (International System) unit of pressure very important in
chemistry?

9. What is another unit of pressure that has been much used in the past?

XII. Find sentences characterizing the following:

1. role of an increase in the atmospheric pressure in boiling point of a
liquid;

2. the characteristic of property of a liquid;

3. changes in pressure affect the boiling point of a liquid;

4. understanding the boiling point of a liquid;

5. the origin of the name torr.

Text 16A
A Catalyst

I. Remember the following words and words combinations from
the text:

1.to alter the speed of a chemical reaction — U3MEHUTH CKOPOCTH
XUMHUYECKON PEaKLUU

2.to undergo chemical change — mpeTepneBaTh XUMHUYECKUE
U3MCHEHUS

3. to be specific inaction — ObITH cienUPUIECKUM B JEHCTBUU

4. to be useless — ObITh OecIOIE3HBIM

5. manufacture of sulphuric acid — npou3BOACTBO CEpHON KUCIOTHI

6. enzymes — (epMEHTHI

7. to aid the digestion of food — momoraTs B iepeBapruBaHUM TUIIH

8. to proceed without catalysts — npoTekaTs 6€3 KaTanuzaTopa

9. foreign material — uHOPOHBIN MaTepua

10. to augment the rate of a chemical reaction — yBenmuuuBarth
CKOPOCTh XUMHUYECKOH peaKIuu

11. elementary process — 3JeMEHTapHBIN MPOIECC

12. to be consumed — noTpedISITHCSA
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13. to have smth regenerated —  oOnagaTh  4YeM-TO
pereHepupOBaHHBIM (BOCCTAHOBJICHHBIM)

14. ammonia — aMMuaKk

15. function as catalysts — nqelicTBOBaTh Kak KaTajaiu3aTop

16. irradiation with visible light — 06rydyeHue BUIUMBIM CBETOM

17. to affect the reaction — mOBIHUATE HA pEAKLIUIO

II. Give the Russian equivalents for the following:

biological system, to affect the reaction, to be specific in action,
enzymes, digestion of food, to augment the rate of a chemical reaction, to
provide the possibility, to alter the speed of a chemical reaction, foreign
material, to consume a catalyst.

II1. Give the English for the following:

yYBEIMYEHUE aTMOC(EPHOrO JABJICHHS, YMEHbIICHUE TEeMIEPaTyphl,
Oecrone3Hbld  KaTalau3aTop, OTKPbIBaTh XHWMHUYECKHE peakuuu 0Oe3
KaTaJu3aTopoB, creuuduueckue (GepMeHTbl, MOABEPraThCs XUMUUYECKUM
U3MEHEHUsIM, TNPUMEHEHUE KaTajau3aropa, HEOONbIIOEe KOJIUYECTBO
MHOPOJHOTO MAaTepualla, pPEeryJIMpoBaTbCA KaTaau3aTOpPAMH, H3MEHATH
CKOPOCTh XMMUYECKOW PEaKIHM.

IV. Translate the following sentences into Russian:

1. There is a tremendous number of factors affecting the reaction.

2. Catalysts are important only in chemical industry.

3. A particular property of a catalyst is that it is not consumed in the
reaction.

4. Enzymes are catalysts for biological systems.

5. No reaction can proceed without a catalyst.

V. Translate the following sentences into English:

1. KaTtanusaTop BIHSIET HA pEAKIUIO U CaM HE U3MEHSETCH.

2.B KoOHLE peakiuu KaTaau3aTrop JOJDKEH BOCCTAaHABIMBATHCS B
IIEPBOHAYAIIBHOM BUJIE.

3. KaTtanuzaropsl MOT'YT y4acTBOBaTh B OMOJIOTMYECKUX MPOLIECCAX.
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4. X¥MHUKHU OTKPBUIA MHOKECTBO PEAKINI, KOTOPbIE MPOUCXOIAT 0€3
KaTaJIU3aTOPOB.

5.Korma coenuHeHue uMeeT Kakoe-TO KOJIMYECTBO HMHOPOIHOIO
Marepuasa, ero Hejab3s CUUTATh YUCTHIM.

VI. Translate the following sentences paying attention to
Participle I or II.

1. There is a tremendous number of factors affecting the reaction.

2. A catalyst 1s a substance that alters the speed of a chemical reaction
without itself undergoing any chemical change.

3.In biological systems substances called enzymes function as
catalysts.

4. The phenomenon in which a relatively small amount of a foreign
material, called a catalyst, augments the rate of a chemical reaction is called
catalysis.

5. A catalyst provides the possibility of new elementary processes
taking place, but it is not consumed during the reaction.

VII. Read the text below to find out information about the catalyst
and the rate of reaction.

Text 16A
A Catalyst

A catalyst is a substance that alters the speed of a chemical reaction
without itself undergoing any chemical change, usually only a small quantity
of it is required.

Catalysts are usually specific in action; thus, a catalyst for one reaction
is more often than not useless for any other reaction. They are extremely
important substances not only in the laboratory but also in chemical industry
and in biological systems. Thus, the manufacture of sulphuric acid, ammonia
and margarine involves the application of catalysts, the most of the chemical
reactions that occur in our bodies are regulated by these substances. In
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biological systems substances called enzymes function as catalysts, e. g.,
specific enzymes are used to aid the digestion of food in the stomach.

Chemists have discovered the great majority of reactions that proceed
without catalysts. But there are almost innumerable other reactions that
cannot be practically effected without a catalyst.

The phenomenon in which a relatively small amount of a foreign
material, called a catalyst, augments the rate of a chemical reaction is called
catalysis. A catalyst provides the possibility of new elementary processes
taking place, but it is not consumed during the reaction. If we cannot have it
regenerated, there is no catalysis.

VIII. Answer the following questions about the text:

1. What is the rate of reaction?

2. What chemical factors affect the course of a reaction?

3. What physical factors influence the speed of a reaction?

4. What is catalysis?

5. In what way does the presence of a catalyst affect the reaction rate?

IX. Fill in the blanks with the information from the text:

1. Special enzymes are used to aid in the stomach.

2. A catalyst is a substance that of a chemical reaction.

3. The manufacture of involves the application of
catalysts.

4.In biological systems substances called function as
catalysts.

5. Catalysts are usually specific
X. Read the text, try to get it as a whole.

Text 16B
Nonideal Solutions

Consider a solid substance dissolving in a liquid solvent. The solid is
such that when melted, it is converted to a liquid that, in turn, can form an
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ideal solution with the solvent. The dissolution of the solid can be pictured
as occurring in two hypothetical stages:

solid solute — liquid solute — solute in solution.

The second of these steps does not involve any energy change, for the
solution formed is ideal. In contrast, the first step does involve the absorption
of energy in the amount AHgs per mole of solute. Consequently, while the
tendency toward maximum entropy favours the dissolution of the solid, the
tendency toward minimum energy favours the solid remaining undissolved.
Therefore, the solubility of the solid is limited, and a saturated solution
which represents the best compromise between maximizing entropy and
minimizing energy is formed. Since aHms i1s related to the strength of
attractive forces between solute molecules, we can deduce that the
magnitudes of these same forces determine the solubility of the solid in ideal
solutions.

By using some care, we can extend our arguments to nonideal
solutions. Two liquids which mix with the evolution of heat will be infinitely
soluble in each other, for both energy and entropy effects favour their
mixing. Two liquids which mix with the absorption of heat may have limited
solubility in each other, for if the mixing process is energetically
unfavourable, the tendency toward maximum molecular chaos may or may
not be sufficient to allow the liquids to mix in all proportions. Likewise, the
solubility of a solid is likely to be small if it enters the solution only with
considerable absorption of heat. On the other hand, if the dissolution of the
solid is accompanied by evolution of heat, the solubility of the solid may be
quite high. Even with these generalizations it is difficult to predict or even
rationalize qualitatively the solubilities of substances that form markedly
nonideal solutions, for the energy and entropy changes that accompany the
mixing of strongly irreacting molecules are subtle and difficult to anticipate.

XI. Find answers to the following questions in the text:

1. What hypothetical steps can be pictured when a melted solid is
dissolved?

2. At what stage does the energy change take place?

3. Why is the solubility of the solid limited?
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4. What two liquids will be infinitely soluble in each other?

5. When will the solubility of the solid be high?

6. Does the tendency toward maximum entropy favour the solid
remaining undissolved?

7. What determines the solubility of solids in ideal solutions?

8. When i1s the mixing process of liquids unfavourable?

9. When will two liquids be soluble in each other?

XII. Find sentences characterizing the following:

1. the process of dissolving a solid in a liquid;

2. factors which solubility depends on;

3. prediction of solubility of a particular solute in a given solvent;

4. the difference between an ideal and nonideal solution;

5. difference between a process of dissolving a solid in a liquid from
that of dissolving a liquid in a liquid.
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Unit IX
METHODS OF ANALYSIS

I. Remember the following words and words combinations from
the text:

1. works chemist — xuMHK-aHaTUTUK

2. classical method of analysis — kmaccuueckuii MeTo1 aHaIKM3a

3. gravimetric analysis — rpaBUMETpUYECKUI aHAINU3

4. volumetric analysis — 0ObEMHBIN aHATU3

5. to determine the weight of a product — onpenenuts Bec npoaykTa

6. to be based on volumes — ocHOBBIBaThCsI HA 00BbEMAX

7. titration — TATpOBaHUE

8. determination of the strength of acid and basic solutions —
orpe/eseHue KOHIIEHTPAIlUd PACTBOPOB KUCIOT U OCHOBAHUMN

9. sole reason — eAMHCTBEHHAs IPUYUHA

10. the decline of the glamour and prestige of the analyst — ymanok
BOJIIIEOCTBA U MPECTHKA aHATUTUKA

11. to take natural substance apart — pa3Ouparb Ha 4YacTu
IPUPOIHBIC BEIIECTBA

12.  to synthesize in a test-tube — cuHTE3UpPOBATH B MPOOUPKE

13. evolution of research — 3BomtonUA KccneqoBaHUM

14. to experience a renaissance — UCIBITaTh OXKUBJICHHE
(BO3pOXKICHNUE)

15. ever-increasing competitive market — MOCTOSIHHO pacTyIIHiA
KOHKYPEHTHBIN PBIHOK

16. to come a demand — cTaTh TpebOBaHHEM

17. to introduce scientific concepts — 3HAKOMHUTH C HAy4YHBIMU
MOHSATUSMH

II. Give the Russian equivalents for the following:

to depend on the classical methods, to be defined at, gravimetric
analysis, respective constituents, to determine the volumes, the strength of
acid and basic solutions, competitive market, a difficult situation, to
introduce a concept, volumetric analysis.
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II1. Give the English for the following:

Ka3aTbCsl CTPAHHBIM, MPUPOAHBIE BEIIECTBA, CUHTE3UPOBATH B
npoOUpKe, XUMHUK-aHAUIUTUK, TOTPEOHOCTh B HOBBIX METOJAaX aHajau3a,
OTPOMHOE KOJMYECTBO HCCJIEAOBaHUN, OCHOBBIBATHCA Ha IPOLECCE
TUTPOBAHUS BEIIECTBA, HECYIIECTBYIOLIUE B IPUPO/IE, OBITH HAITPABICHHBIM
Ha, CJICAYIOLIMN 1ar.

IV. Translate the following sentences into Russian:

1. The energy involved in any reaction is usually called the heat of
reaction.

2. There are two methods of analysis: gravimetric and volumetric.

3. Gravimetric analysis is based on methods of determining the
weights of the respective constituents of a product.

4.Quality became a very important factor in ever-increasing
competitive market.

5. There came a demand for more rapid and more accurate methods of
analysis.

V. Translate the following sentences into English:

1. Kak HU cTpaHHO, MHOTHE METObI aHAJIN3A UCTIOJIB3YIOTCA U ceryac.

2. Kitaccu4eckumMy METOIAMU aHaJM3a SIBJISIIOTCS TPAaBUMETPUYECKUN
aHanu3 U 0ObEMHBIN aHATIH3.

3. XuMUKH CHauajla pasjeisyii MOpUpPOAHBIE BEIIECTBa, YTOObBI
ONPENEIIUTh COCTABJISIOIINE UX DJIIEMEHTHI.

4.1loToM OHM MOJONUIA K CJIEAYIOUIEH CTYNEHU — CHUHTE3UPOBATH
COBEPUIEHHO HOBOE BEILIECTBO.

5.Poct TpeboBaHuMii K BELIECTBY MPHUBEN K JalibHEHIIeMy
COBEPLICHCTBOBAHNUIO METOJIOB aHAJIN3A.

VI. Translate the following sentences, paying attention to the use
of Gerund:

1. Gravimetric analysis is based on methods of determining the weight
of respective constituents of a product.
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2. Chemists began gradually think about synthesizing constituents of
nature substances in test-tube.

3. The next logical step, of course, was to begin think about producing
things not found in the natural state.

4. Volumetric analysis is based on determining volumes by a process
known as titration.

5. We had an evolution of research, principally in organic chemistry,
directed toward synthesizing older new compounds.

VII. Read the text below to find out information about the classical
methods of analysis.

Text 17A
Classical Methods of Analysis

Strange as it may seem now, the analyst and the “works chemist” of
the 18th and 19th centuries depended almost entirely on what are frequently
defined today as the classical methods of analysis, namely, gravimetric
analysis and volumetric analysis. Gravimetric analysis is based on methods
of determining the weights of the respective constituents of a product,
whereas volumetric analysis is based on volumes rather than weights, the
that is, volumes being determined by a process known as titration
determination of the strength of acid and basic solutions.

Difficult as the situation of the so-called “works chemist” during the
industrial revolution was, it was not the sole reason for the decline of the
glamour and prestige of the analyst in the early days of the science of
chemistry.

Following the logical sequence of events, it is not at all strange that
chemist, having taken natural substances apart in order to determine their
constituent elements, would then begin gradually to think about synthesizing
in a test-tube, at least some of the useful things found in nature. The next
logical step, of course, was to begin to think about producing things not
found in the natural state. Thus, we had an evolution of research, principally
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in organic chemistry, directed towards synthesizing old or new compounds,
chiefly the latter.

About halfway between World War I and World War II, the analytical
chemist gradually began to experience a renaissance in his status with other
members of the profession and with management. Quality became a very
important factor in ever-increasing competitive markets. With this welcome
change there came a demand for more rapid and more accurate methods of
analysis. This demand led to a tremendous amount of research related to the
broad field of analysis. New scientific concepts were introduced, many of
them based on what might be called physical chemistry.

VIII. Answer the following questions about the text:

1. What methods of analytical chemistry are called classical methods
of analysis?

2. What is gravimetric analysis?

3. What is volumetric analysis?

4. How did chemists come to the idea of synthesizing a substance?

5. What stimulated the evolution of methods of analysis?

IX. Fill in the blanks which information taken from the text:

1. Quality became a very important factor in :

2. This demand led to a related to the blood field of analysis.
3. The next logical step, of course, was to begin to think about

producing things state.
4. We had , principally in organic chemistry.
5. With this welcome change there for more rapid and

more accurate methods of analysis.

97



X. Read the text, try to get it as a whole.

Text 17B
Modern Methods of analysis

The so-called classical gravimetric and volumetric methods have by
no means been superseded by physical chemistry and physical methods.
Unlikely as such a statement may seem, instrumental analysis, as it is known
today, supplements rather than supplants the so-called classical wet
methods. Such terms as calorimetry, spectrophotometry, Raman effect,
fluorimetry, spectrography, X-ray diffraction, radiometric methods,
polarography, etc., are in common usage and every part of the analytical
work now performed is through the use of instrumentation. Indeed,
modifications of many of these instruments are now being moved out into
actual manufacturing operations in order to provide continuous analysis.

One of the more modern developments in the field of analysis is that
of microanalysis, employed where the size of the samples is considerably
smaller than used in the type of analysis sometimes defined as
macroanalysis. Today quite a number of analysts are directly concerned with
what is frequently defined as trace analysis. The determination of very low
concentrations is often of great importance in maintaining high quality of a
product. A wide variety of new techniques have been developed to meet this
need. Another field currently receiving greater attention is the matter of
scientific sampling. Certainly, no method of analysis, accurate as it may be,
will give a proper perspective if the sample employed is not reasonably
representative of the whole.

Today the research analyst in the chemical process industries is an
honoured member of the “team”. The use of this term has become
widespread to describe the modern “team approach” to the discovery,
development, and full-scale production of new products. Thus, the wheel of
fortune for the analyst has made a complete circle.
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XI. Find answers to the following questions in the text:

1. What is the position of instrumental analysis in analytical
chemistry?

2. What is the purpose of modifying instruments?

3. What is the difference between macroanalysis, microanalysis and
trace analysis?

4. What is every part of analytical work performed through?

5. Where is determination of very low concentrations very important?

6. What is another field receiving great attention now?

7. What requirements should the sample meet to allow the analyst to
obtain proper results?

8. What 1is the position of the research analyst in industry of
organization at present?

9. What does this term describe?

XII. Find sentences characterizing the following:

1. the role of analytical chemist in various periods of the history of
chemistry;

2. the development of various analytical methods;

3. the field of applying microanalysis by chemists-analysts;

4. working in a team — advantages and disadvantages;

5. the role of the analyst in the chemical industries.

Text 18A
Statistical Methods in Analytical Chemistry

I. Remember the following words and words combinations from
the text:

1.design and interpretation of chemical experimentation -
TUTAHUPOBAHUE ¥ HHTEPIPETAIAS XUMHIECKUX SKCIIEPUMEHTOB

2. substitute — 3aMeHa

3. scientific judgement — Hay4HOE CYyXJICHUE

4. to constitute an objective aid — mpeacTaBIATh COO0H 0OBEKTUBHYIO
TTOMOIIIb
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5.1n view of the meticulousness — BBUly TIIATEILHOCTH

6. to devote some thought — HanpaBUTH MBICTTH

7. final interpretation of outcome — oxoHYaTeNbHAsT UHTEpIPETALUS
pe3ynbTara

8. to act on intuition — AEHCTBOBATH 110 UHTYHUIIUH

9. rudimentary study of data — moBTopeHne N3y4eHHBIX JaHHBIX

10. ranking studied effects — panxxupoBanue nzydeHHbIX 3HPEKTOB

11. observed disturbances — HabOmt01aeMble HAPYIICHUS

12. subject of an occasional intuition — mpeameT ciy4ailHOM
UHTYHIIHH

13. to result in more conspicuous plan — mpuBectu K Ooiee
3aMETHOMY IIJIaHy

14. unavoidable experimental error — Heu3OexHas omKUOKa
IKCIIEPUMEHTA

15. to dismiss error as negligible — OTKJIOHUTH OHIMOKY Kak
HE3HAYUTENbHYIO

16. avoidance or correction of systematic error — OTMEHa WM
UCTIPABJICHNE CUCTEMATHUECKON OIUOKH

17. to offer some objective criteria — MPEAJIOKUTh HEKOTOPHIC
OOBEKTUBHBIE KPUTEPUH

18. to estimate the quality of experimental work — oneHuTh 00BHEM
HKCIEPUMEHTAIBHON pabOThI

19. important by-products — BaxHbIe TOOOUYHbBIE MPOTYKThI

20. to estimate objective — OLIEHUTH 3a/1a4y

21. statistical methodology — cTaTucTudeckas METO0JIOTHS

22. effects of various variables — 3¢ (pexThI pa3IMUHBIX IEPEMEHHBIX

23. to require careful planning — TpeboBaTh THIATENHHOTO
TUTAHUPOBAHUS

24. the questions under study — u3y4eHHbIE BOIIPOCHI

II. Give the Russian equivalents for the following:

the design of the experiment, to be a substitute for, to ignore
experimental error, to require careful planning, important by-products, to
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estimate objective, scientific judgement, statistical methods, to estimate
objective, unavoidable experimental error.

II1. Give the English for the following:

00BsICHEHUE PE3YJILTATOB AKCIIEPUMEHTA, MPEIIOKUTH OO BEKTUBHBIE
KpUTEPUH, OJWH M3 MOOOYHBIX MPOIYKTOB, H3ydaeMbI€ IEPEMCHHBIC,
paccMaTpuBaTh C TOYKH 3pPEHUS, B COOTBETCTBHHM C HAOJI0IaeMbIMU
dbakTopamu, n30eraTh CUCTEMAaTUYECKUX OIIMOOK, KAKETCS TMPUEMIIEMBIM,
MOBTOPHOE M3Y4YEHHUE JaHHBIX, HAOII0aeMbIe HApYIICHUS.

IV. Translate the following sentences into Russian:

1. Two important aspects of experimentation are its design and
interpretation of the results.

2. Very often the experimenter designs the experiment as it products
acting on his intuition.

3. Before the experiment is started it is necessary to consider various
possible results hypothetically.

4. Statistical methods are used in the design and interpretation of
chemical experimentation.

5.0ne of the important by-products of statistical methods is an
estimate of the quality of experimental work.

V. Translate the following sentences into English:

1.O4eHb BaXHBIMM B  AQHAJIUTHYECKOM  XHUMHH  SIBJISIFOTCS
CTATUCTUYECKHE METOIBI.

2.EnBa 1M MOXHO CKaszaTh, YTO IJIAHUPOBAHHUE SKCIEPUMEHTA —
MPOCTOE J1eJ10!

3. OOBSICHUTh KOHEYHBIM PEe3yJbTaT PEAKIUH ObIBAET HEMPOCTO U
OMBITHOMY XHMHKY.

4. YyeHbIM yAQJIOCh BBIPAOOTATh HEKOTOPHIC METOJbI, YTOOBI
n30eKaTh OMMOKU TTPU MPOBEICHUH SKCIIEPUMEHTOB.

5. OObEKTUBHBIMU KPUTEPHUSMH TMPABUILHOCTA HAYyYHOW THIIOTE3bI
MO>XHO CYHUTATh TOJBKO (PaKTHI.
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VI. Translate the following sentences and Define the Types of
Subordinate Clauses.

1. Before the experiment is started it is necessary to consider various
possible results hypothetically.

2.1t 1s quite natural that many experiments could have resulted from
thoroughly constructed plan.

3. Statisticians have succeeded to offer some criteria which are
invaluable in many situations.

4. Hardly can it be denied that experiments require obtaining reliable
results.

5. Very often the experimenter design the experiment as it proceeds
acting on his own intuition.

VII. Read the text below to find out information about the
statistical methods of analysis.

Text 18A
Statistical Methods in Analytical Chemistry

Statistical methods, as used in the design and interpretation of
chemical experimentation, are not a substitute for common sense or for what
scientists refer to as scientific judgement; they rather constitute an objective
aid to judgement. In view of the meticulousness exhibited by scientific
workers in the purely technical aspects of their experiments it seems
appropriate to devote some thought to two further and no less important
aspects of experimentation: its design and the final interpretation of its
outcome. Very often the experimenter designs the experiment as it proceeds,
acting on a moment's intuition. Similarly, the interpretation or a rudimentary
study of data, the latter consisting in many cases in ranking studied effects
in accordance with their observed disturbances caused by experimental and
systematic errors. Naturally, even the most experienced worker is subject to
an occasional intuition. Therefore natural, and actually borne out by the
facts, is the assumption that many experiments could have resulted in more
conspicuous and sharper constructed plan.
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In taking cognizance of the unavoidable experimental errors, rather
than in ignoring them or dismissing them as negligible, and in attempting a
mathematical study of the avoidance or the correction of systematical errors,
statisticians have succeeded, to a certain extent, in offering some objective
criteria which are invaluable in these situations. One of the important by-
products of these methods is an estimate of the quantity of experimental
work that 1s necessary for obtaining sufficient factual proof for a scientific
hypothesis, such an estimate being more objective than the guessing
technique often used. But among the most important contributions of
statistical methodology to scientific experimentation is the possibility of
clearly separating the effects of various variables under study as well as the
interactions of these variables with regard to the measured quantities, from
the data resulting from a complex experiment. Hardly can it be denied that
this requires careful planning. Even before the experiment is started, the
various possible types of results must be hypothetically considered from the
point of view of the questions under study.

VIII. Answer the following questions about the text:

1. In what fields of analytical chemistry can statistical methods be
used?

2. What important aspects of experimentation should be taken into
account?

3. What is the role of intuition in experimentation?

4. What must be the attitude to errors?

5. What is one of the most important by-products in statistical
methods?

IX. Fill in the blanks with the information from the text:

1. us used in the design and interpretation of chemical
experimentation are not substitutes of scientific judgement.

2. They constitute to judgement.

3. Sometimes the experimenter designs the experiment as it proceeds
acting
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4. Statisticians have succeeded in offering which are
invaluable in many situations.
5. Two important aspects of experimentation are its design and
of results.

X. Read the text, try to get it as a whole.

Text 18B
Who is Discoverer of Spectrum Analysis?

The more detailed is the scrutiny of the history of chemistry, the
greater is the number of interesting facts that come to light.

Those accustomed to associate the name of Kirchhoff with the
discovery of spectrum analysis will undoubtedly be surprised to learn that in
the year 1854, five years prior to the work of Kirchhoff, an unassuming
country doctor in a Pennsylvania village definitely demonstrated the
possibility of determining various elements by means of their lines in the
spectrum. In fact, this country doctor, David Alter, went further than this.
He pointed out that the method could be used to determine the composition
of celestial bodies, thus laying the foundation for the application of the
spectroscope in astronomy, among the modern sciences. He even called
attention to the possibility of detecting impurities in a metal by this method,
thus speaking the language of the most up-to-date spectrographer.

The only possible claim to priority over Alter's discovery can be made
in behalf of Sir John Herschel, who in 1824 demonstrated the possibility of
detecting small quantities of an alkali by its flame spectrum. However, this
work was described in an inaccessible journal, thus receiving practically no
publicity. Unfortunately, it is not unfrequently that this happens. That is why
scientists usually seek to publish their papers in prestigious journals: the
better the reputation of the journal, the sooner the information it contains
comes to the reader. Furthermore, confused by the continual presence of the
strong orange lines, later found to be sodium lines. Herschel soon regarded
his own discovery as incorrect. The same prevalent sodium lines kept other
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physicists of that time from realizing that each element has its characteristic
line in the spectrum.

Alter, however, was not obstructed by this stumbling block. Neither
did the lack of scientific instruments discourage him. He ground his own
prism and constructed his own apparatus.

XI. Find answers to the following questions in the text:

1. What will surprise those who study the history of spectrum
analysis?

2. What contribution did country doctor David Alter make to spectrum
analysis?

3. What did he point out?

4. What did John Herschel’s work demonstrate?

5. How did it happen that he’s work remained unknown?

6. Where do scientists usually publish their articles?

7. What prevented Herschel from drawing the right conclusion?

8. What was the reason for it?

9. How did he correct the situation?

XII. Find sentences characterizing the following:

1. five years prior to the work of Kirchhoff;

2. Alter’s discovery;

3. contribution to spectrum analysis made by Sir John Herschel;
4. the tendency of scientists to publish their articles;

5. attitude of Herschel to his own discovery.
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SUPPLEMENTARY READING

Text 1
Conductance and Electrolysis

Generally speaking, the classification of a substance as a non-
electrolyte or as an electrolyte 1s based on the conductance of its aqueous
solution. Aqueous solutions of non-electrolytes do not conduct an electric
current to any greater extent than pure water does, whereas aqueous
solutions of electrolytes conduct an electric current and undergo electrolysis.
Weak electrolytes give solutions which are relatively poor conductors
because of a limited degree of ionization. On the other hand, aqueous
solutions of strong electrolytes readily conduct an electric current.

If a strong electrolyte is formed as a result of a chemical reaction
involving two weak electrolytes, the conductance of the resulting solution
increases. If the ions of a strong electrolyte are removed from solution as an
insoluble precipitate, or from a weak electrolyte with the ions of another
reactant, the conductance of a mixture of the reactants is less than that of the
strong electrolyte. After the reaction is complete, the conductance will
increase upon further addition of the second reactant, provided the latter is a
strong electrolyte.

Electrolysis always accompanies the passage of a direct current
through an aqueous solution. Cations are reduced to a lower oxidation state,
some of them to the free state, at the cathode; anions are oxidized to 1ons
with a higher oxidation state, or to the free state, at the anode.

Text 2
Radiation Effects on Polymers

Radiation exerts two opposing effects on polymers. On the one hand,
it breaks up the polymer molecules into smaller pieces. On the other, it
causes liberation of a hydrogen atom from each of the two adjoining
molecules with formation of a link between the two molecules (cross-
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linking). The existence of cross-links in a polymer makes the material
tougher and higher melting and is very desirable for certain applications.

The cross-linking of polymers by radiation has been much studied.
The irradiation of any organic compounds results in breaking of CH bonds,
leaving free bonds on the carbon atoms while the hydrogen atoms go off
together in pairs to form hydrogen gas. In a liquid the resulting free radicals
can diffuse as a whole through the solution and eventually meet together and
combine. In a solid polymer it is not clear how these centers get together.
One proposed mechanism is that a hydrogen atom from a neighbouring
carbon will pop into the vacated hydrogen space, producing a new free bond
on the atom adjacent to the original free bond position. This process will
continue, with the free bond flowing up and down the chain, until the free
bond happens to find itself next to a free bond formed on the adjacent
molecule which is likewise travelling up and down. Another mechanism,
possible perhaps only with amorphous polymer, is that the long-chain
molecules as a whole may move with respect to one another until the free
bonds find themselves in proximity.

Whatever the mechanism of cross-linking may be, the result is of
commercial value.

Text 3
The Role Theory in Chemistry

We start at the beginning and define science as a set of observations
and theories about observations. We then define theory as a device for
making predictions and correlations of observations. A theory is composed
of axioms, which are not necessarily self-evident, procedure, and the output
of the procedure. The axioms identify the system, select the procedure and
its parameters, and interpret its output. Each theory is judged by the
following pragmatic criteria listed in the order of decreasing importance.

How diverse is it?

How accurate is it?

How simple is it?
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Like all science, theories evolve; they do so because the basis of our
scientific knowledge is constantly changing. The best theory at a particular
point in time is the theory that best satisfies the above criteria. It is not to be
judged on a political or a religious basis.

A theory evolves. The axioms are conceived in the mind of the theorist
who also may double as an experimentalist. The output of the theory are
predictions and correlations that may suggest new experiments to the
experimentalist. The predictions and correlations are then compared with
observations. If the agreement between predictions-correlations and
observation is “good” the theory is a “good” theory, which is a pragmatic
value judgement. If the agreement is poor which occurs sometimes because
new observations have been made a better theory must be found by some
theorist generating new axioms and a new cycle. This axiomatic-cum-
pragmatic (ACP) cycling is continued until the agreement between theory
and experiment becomes “good”. We call this process the ACP epistemology
of science because (1) epistemology is the acquisition and validation of
knowledge and (2) we wish to distinguish our simplistic view from the more
erudite views of the professional philosophers.

The ACP epistemology can be applied to areas outside of science.

Text 4
Theories of Matter

There is a wide variety of chemical and physical theories from which
we select as our example theories of matter (atoms, molecules, solids, nuclei,
and elementary particles). We can illustrate the ACP epistemology with the
familiar ball-and-stick theory of molecules. This theory employs sticks and
coloured balls with holes drilled in them at prescribed angles. The procedure
consists of assembling the balls and sticks into figures in all possible ways.
The predictions of the theory include molecular geometry and the number
of isomers expected for the molecule in question. We all feel comfortable
with this ball-and-stick theory because it operates in the three-dimensional,
classical world of our senses and seems “real” to us. While it is a very useful
theory, it has a number of significant failures. For example, it fails to predict
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both the geometry and the number of isomers of benzene. More seriously, it
fails to predict the electronic, vibrational, and rotational spectra of
molecules. This failure to predict spectra is common to all classical theories
and has made necessary the development of a new theory which includes
predictive powers in this area. The nonclassical guantum theory is a theory
that predicts more diversely, more quantitatively, but not more simply than
the ball-and-stick theory.

Quantum theory has two essentially equivalent versions: one
concerned with wave mechanics (derived from Schroedinger's work) and
one concerned with matrix mechanics (due to Dirac-Heisenberg) which is
our choice. The procedure of the matrix mechanics theory of matter
(MMTM) is very interesting but is not relevant to the application of the
procedure. It employs vector space and their bases, operators, matrices,
secular equations, eigenvectors, eigenvalues, groups, group algebras, etc.,
concepts that are well known to mathematicians but essentially unknown to
beginning physicists and chemists. In consequence MMTM may seem less
"real" to these beginners than the classical ball-and-stick theory. The
MMTM procedure can be applied uniformly to atoms, molecules, solids,
nuclei, and elementary particles. It is clear that the concept of structure is
much simpler and more intuitive in the ball-and-stick theory than in the
MMTM theory. The MMTM structure concept is that of a set of building
blocks (basis vector of a vector space) that are assembled under supervision
of the Hamiltonian into a physically significant set of structures
(eigenvectors to the Hamiltonian).

The numerical and algebraic calculations required in the MMTM
procedure can become quite tedious but fortunately many of them have been
or can be programmed for personal computers. The calculations of MMTM
then become trivial and operational familiarity is quickly acquired.
Consequently, the challenging part of MMTM becomes the selection of the
vector space and the Hamiltonian and then the interpretation of the output.
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Text 5
Molecular Theory

Matrix mechanics theory of matter (MMTM) is a better molecular
theory than the ball-and-stick molecular theory. In the ab initio MMTM
molecular theory the only parameters required by the procedure are Planck's
constant, the charge and mass of the electron, and the number and kind of
nuclei. This theory can for many molecules predict with high accuracy their
equilibrium geometrics and their force constants. Unfortunately, it predicts
other properties, €. g., dissociation energy, electronic spectra, etc., with a
lower accuracy. The accuracy can be increased by the use of larger vector
spaces, a technique that can be very difficult, very expensive, and/or
impossible with the currently available scalar computers. The problem
becomes easier with supercomputers that employ vector and/or parallel
processors and larger memories, but there will always be some upper limit
to the size of a molecule on which accurate ab initio calculations can be
made. A theory which is less strongly computer-dependent is the
semiempirical molecular theory. Its procedure employs a smaller vector
space and its parameters are determined by comparison of predictions with
a small number of observations.

An example of a semiempirical molecular theory is the z-electron
theory of conjugated, unsaturated hydrocarbons. Here the size of the vector
space is reduced by ignoring core and 8-bonded electrons and employing a
single m-orbital for each carbon site. The size of the vector space can be
further reduced by the use of either of two more approximate theories: the
n-Hiickel molecular orbital theory, which resembles the Bohr theory of the
atom, and the m-valence bond theory, which resembles the ball-and-stick
theory.
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Text 6
The Manufacture of Sulphuric Acid

It is a matter of common knowledge among chemists that sulphuric
acid is made by two processes, the contact process and the lead-chamber
process, which are now about equally important.

In the contact process sulphur trioxide is made by the catalytic
oxidation of sulphur dioxide (the name of the process refers to the fact that
reaction occurs on contact of the gases with the solid catalyst). The catalyst
formerly used was finely divided platinum; it has now been largely replaced
by vanadium pentoxide, V20s. The gas containing sulphur trioxide is then
bubbled through sulphuric acid, which absorbs the sulphur trioxide. Water
is added at the proper rate, and 98% acid is drawn off.

In the lead-chamber process oxygen, sulphur dioxide, nitric oxide, and
a small amount of water vapour are introduced into a large lead-lined
hamber. White crystals of nitrosulphuric acid, NOHSO4 (to put it in another
way, sulphuric acid in which one hydrogen ion is replaced by the nitronium
ion, :N=0":), are formed. When steam is introduced the crystals react to
form drops of sulphuric acid, liberating oxides of nitrogen. In effect, the
oxides of nitrogen serve to catalyze the oxidation of sulphur dioxide by
oxygen. The reactions that occur may be summarized as

2502+ NO + NO; + Oz + H O— 2NOHSOy4;

2NOHSO4 + HO— 2H2SO4 + NO + NOa.

The oxides of nitrogen, NO and NO., that take part in the first reaction,
are released by the second reaction, and can serve over and over again.

It should be pointed out in conclusion that however widespread these
processes may be, they are by no means the only ways of the manufacture
of sulphuric acid.
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Text 7
Benjamin Franklin and Electricity

January 17, 2006, will be the 300th anniversary of the birth of
Franklin. Kant once remarked that Benjamin Franklin was a new
Prometheus who had stolen fire from heaven. In his own day, Franklin was
celebrated throughout all Europe as the world's foremost electrician and his
book on the subject was in demand in many countries. Far-reaching in its
influence, the book became an important Text in the electrical field and even
today we still write of electricity in terms introduced in print by Franklin.
Used in the electrical sense, probably for the first time, in the inventor's book
were words such as armature, battery brush, charged, charging, condense,
conductor, discharge, electrical fire, electrical shock, electrician, electrified,
electrify, Leyden bottle, minus, negative, non-conducting, non-conductor,
non-electric, plus, positive, and others.

Franklin saw his first electrical demonstration in Boston in 1746. He
purchased all the apparatus used by the British experimenter, Dr. Spence,
and proceeded in electrical experiments of his own with great interest. The
work that he did was soon far ahead of the European discoveries. With great
enthusiasm, he described new discoveries that were to him unique, for he
had no way of telling what work his predecessors had done. Foremost among
the observations was the discovery of the action of points in drawing off and
throwing off the electrical fire. One of Franklin's scientific achievements
was his experiment with the Leyden jar. He explained the startling discovery
that the electrified jar became charged positively on the outside, negatively
on the inside, and showed by means of experiment that the positive charge
on the outer coating of the jar was exactly equal and opposite to the negative
inner charge.

Besides the importance and usefulness of Franklin's discoveries, the
world knows him well for his hypothesis concerning the electrical nature of
lightning. Up to his discoveries the general impression was that lightning
was caused by the explosion of poisonous gases in the air. In 1749, Franklin
established that electrical fluid and lightning had similar properties of giving
light, colour of the light, crooked direction, swift motion, being conducted
by metals, crack or noise in exploding, subsisting in water or ice, rending
bodies it passes through, destroying animals, melting metals, firing
inflammable substances, sulphureous smell.
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CONCLUSION

OcHoBHas 11e71b TOcO0UsI — 00€ecTIieueHr e TUTAHOMEPHOT'O PYKOBOJICTBA
ayIUTOPHOW pPabOTON CTyJACHTOB, HANpaBJIEHHOW HA OCHOBATEIIBHOE
u3y4yeHue npophecCuOHaITbHO OPUEHTUPOBAHHBIX TEKCTOB U UX 00CYKJICHHUE
C IPUMEHEHUEM CMBICIIOBOTO aHAIU3A.

M3nanue BKIIOYAET LEIEBBIC 3aJaHUs K TEKCTaM, COCTOSAIIME W3
BOKAOyJIsipa, S3BIKOBBIX M PEYEBBIX YHPAKHEHUM [JIs1 OOCYXKJIEHUS B
ayautopun. llenp 3amaHui — akTUBH3aLMSA CIIOBaps W BOCHPUATHUE
CMBICJIOBOTO COAEPKaHUs TEKCTA.

TekcThl 1Is1 TONOMHUTEIBHOIO YTEHUSI TEMATUYECKH U JIEKCHYECKU
MPEACTABIISIIOT COOOM MPOAOIHKEHUE MOJIYJIE OCHOBHOM YacTH MOCOOUS U
IpeIHa3HAYEHBI JIJIs1 CAMOCTOSITENIbHOM pabOThI CTYIEHTOB.

CtpykTypa Moayieil U Mmoclie0BaTeIbHOCTh M3JI0KEHUSI y4eOHOro
MaTepuasna OJHOTHUITHBI, UTO O0JIETYAET €ro YyCBOCHHE U TOHUMAaHHUeE.

Takum o6pa3om, 4ETKOE CTPYKTYpHUPOBAHHOE 1MOCOOUE, B KOTOPOM
IpeAJIOKEHbl HOBBIE MYTH OTOOpa M OpraHU3alMd y4yeOHOro MmaTepuana,
IIOCJIEAOBATEIBHON CHCTEMBI YNPAKHEHWHW, MOXKET IOMOYb II0-HOBOMY
B3TJIIHYTh Ha MPOOJIeMbl 00yUEHHUsI YTEHUIO OPUTMHAJIBHON JTUTEpaTyphl U
U3BJICUCHHUIO HEOOXOAMMOMN KOTHUTUBHOM MH(GOpMAIUK.
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