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BBenenue

[Henp yueOHOro mocoOusi — A3BIKOBAsl  ajanTalus K  aHIJIOSI3bIYHOM
npodeccCHoHaTbHON KOMMYHHUKAIIUU ITyTEM Pa3BUTHS U COBEPIICHCTBOBAHUS PEUU B
IIPOLIECCE YTEHUS, NEPEBOJA, AYIWPOBAHMUS AYTEHTUYHBIX TEKCTOB XHMHYECKOU
OTPACIIH.

Ilenr» oOywaromero — co3gaTh Ha YpOKe Takyl arMochepy aHTIOS3BIYHON
XUMUYECKON KOMMYHUKAIIMH, YTOOBI OOyUYarOIIMICs CMOT II1ar 3a IIaroM 0CO3HaBaTh
OCOOEHHOCTH, TPYAHOCTH, MPOOJEMbl JABYS3BIYHOTO OOIICHUS, JABYSI3bIYHOIO
oOyueHus, IBYS3bIYHOMN JESITEIbHOCTU B CBOEH MpoeccroHanbHOM cpee.

I{enb oOyyaromierocs — paclIupyUTh TPaHUIIBI CBOUX MPO(eCcCHOHABHBIX 3HAHUM,
BOWJIA B AHIJIOSI3BIYHYI0 XMMHUYECKYI0 KOMMYHHUKAIUIO C JOCTOMHBIMH HABBIKAMHU
AHIJIOS3BIYHON KYJIBTYPHOUM peUM, a UMEHHO: JIBYS3bIUHAsl COBPEMEHHAA XUMUYECKas
TEPMUHOJIOTHS, HauOoJiee pacnpocTpaHeHHass OOUIeyNoTpeOUTeNbHas JEKCUKa
JBYSI3bIYHOM XMUMUYECKON KOMMYHUKAIIHIO.

Martepuan ydeOHOro mnocoOus JaeT BO3MOXKHOCTh CTyA€HTaM B THIpoLecce
OoOy4YeHHs] aHTJIMHUCKOMY S3bIKY MOJIYYHTh CHEIUATIbHbIE XMMUYECKHUE CBEJICHUS Ha
AHTJIMACKOM SI3bIKE C YYETOM SI3bIKOBBIX M TEPMHUHOJIOTMYECKHX OCOOEHHOCTEU
AHTJIOS3BIYHOM XMMHYECKOM KOMMYHMKAIIMHM, C YYE€TOM OCOOCHHOCTEH mpolecca
oOy4yeHHs] XMMHHM B aHIVIOS3BIYHBIX CTpaHax. Marepuan y4yeOHOro mocoOus
BKJIFOYAET CIIELMAIBHBIE XUMUYECKHE TEKCTHI, KOTOPHIE UMEIOT IPSIMOE OTHOLIEHHUE K
TEMaTUKE XUMUYECKUX HCCIICIOBAHUMN, MPOBOJAMMBIX HA XUMHUYECKOM (haKyIbTeTe
KazHY um. anp-dapadu.

CtpykTypa y4eOHOTO OCOOUS — TPAIUITMOHHAS JIs TF000T0 Y4eOHOTO
nporecca. 15 ypoKoB coAeprKaT He TOJBKO CIIEHHAIbHbIE XUMUYECKHE TEKCTBI, HO U
BKJIIOYAIOT 3aJIaHKs B BUJIE YIIPAXKHEHHUI U BOIIPOCOB HA 3aKPEIIICHUE JIEKCHUYECKOTO
A3bIKOBOT'0 MaTepuaia, Ha 3aKpeIICHUE TEPMUHOIOTUYECKUX CIIOBOCOYETAHUN U UX
aZIEKBaTHBIN NIEPEBOJ] B CUCTEME KOHTAKTUPYIOIIUX S3bIKOB. [Ipemiaraemplie 3ananus
CIOCOOCTBYIOT PAa3BUTHIO YCTHOM peyH, MUCbMEHHOM S3bIKOBOI TPaMOTHOCTH,
Pa3BUTHIO S3bIKOBOTO XMMUYECKOTO MBIIUIEHU. MaTepuan yueOHOro nocoous
Mo00paH Tak, YTO OTBEYAET COBPEMEHHOMY YPOBHIO Pa3BUTHUS aHTJIMMCKOTO SI3bIKA,
COBPEMEHHOW XMMHMYECKON TEPMUHOJIOTUYECKON cucTteMe 3HaHnid. ConeprxaHue
CHeIUaIbHBIX TEKCTOB COOTBETCTBYET 00pa30BaTEIbHBIM U HAYYHBIM 3a/1a4aM
XUMHUHU HACTOSIIIIETO BPEMEHHU, CBSA3AHbI KaK C TEOPETUUECKON XUMUEH, TaK U C
MpaKTUYECKON Xumuei. B yueOHOM mocobun nmpuBeIeHbI CIICIIMaTbHBIE TEKCTHI
Pa3HBIX XUMHUYECKUX WH()OPMAITMOHHBIX UICTOYHUKOB: YdeOHas1, ClipaBoOYHas
JUTEpaTypa, )KypHajbHbIEe CTaTbU 3apyOeKHbIX U3ganuil. 3yuus u npopadoras 15
YPOKOB 3TOTO MOCOOMS, CTYJIEHT CMOXKET MOAHATH CBOM YPOBEHBb 3HAHHM 110
aHIIIMHCKOMY 513bIKY OT ypoBHs Intermediate 1o Upper-intermediate.



Lesson 1

Part 1
Should and Would

In scientific literature authors often use such verbs as “should” and “would”.
“Should” has the meaning of obligation while “would” means the repetition of
actions. “Should” is translated as “momxen”. The meaning of would is rendered into
Russian with the word “o6sran0”. E.g.: This solution should be heated at 700 K. —
DTOT pacTBOp HYXHO HarpeBath npu Temmeparype 700 K. This solution would be
heated at 700 K. — DtoT pacTBop 00BIYHO HarpeBaroT rpu temmeparype 700 K.
Vocabulary
benzene — Genszon
value - 3nauenue
to get acquainted — o3HaKOMHUTBCS
VISCOSIty - BS3KOCTh
vapour — map
humidity — BnasxHOCTB
solution — pactBop

Practice

Translate the following sentences paying attention to the verbs «would» and
«should»

1. The halobenzenes should form a number of compounds.

2. He would test the device before putting it into service.

3. One should take this catalyst, not the old one.

4. Microwave determination dipole moments should be of a considerable reliance.

5. The temperature of the solution should be controlled.

6. It should be emphasized that the double bonds in the benzene ring are of inert
character.

7. Viscosity would be expected to increase with intermolecular forces.

8. Should the value of p for ammonium ion be chosen as four or one ?

9. Expansion of solution would account only for 0.5 % change.

10. It would Dbe highly desirable to have quantitative data involving kinetically

controlled reactions.

11. This device should be tested.

12. These reactions would take place at high temperatures.

13. To understand this phenomenon you should get acquainted with the previous
works devoted to this theme.

14. You should be very careful when you work with these reagents.



15. The instrument using such an element would not respond to the relative
humidity.

16. Air saturated with water vapour at the temperature of 58° F would contain 0.01
pound of water vapour per pound of dry air.

Part 2
Exercises 1. Read, translate and retell the text.
Carbon

Carbonisa non-metallic element that belongs to group 14 (formerly 1V B) of the
periodic table. Atomic number (a.n) is 6, relative atomic mass (r.a.m) is 12.011,
melting point (m.p.) is ~ 3550° C, boiling point (b.p.) is ~ 4827°C. Carbon has three
main allotropic forms.

Diamond occurs naturally and can be produced synthetically. It is extremely hard.
The hardness of diamond results from the covalent crystal structure in which each
carbon atom is linked by covalent bonds to four others that are situated at the corners
of tetrahedron.

Graphite is a soft black slippery substance. It occurs naturally and can be produced
by Acheson process. In graphite carbon atoms are arranged in layers where each
carbon atom is surrounded by three others. The layers are held together by weak van
der Waals’ forces. Graphite is a good conductor of heat and electricity. It has variety
of uses including electrical contacts, high-temperature equipment and solid
lubricants. Graphite mixed with clay is the ‘lead’ in pencils. The third crystalline
allotrope is fullerite.

There are several amorphous forms of carbon: carbon black and charcoal. There
are two stable isotopes of carbon (proton numbers 12 and 13) and four radioactive
isotopes (10, 11, 14, 15). Carbon -14 is used in carbon dating.

Carbon occurs in all organic compounds. So carbon is fundamental to the
structure of all living organisms. It is an essential element for plants and animals. It is
ultimately derived from atmospheric carbon dioxide. It is assimilated by plants during
photosynthesis.

Carbon forms a large number of compounds due to its unique ability to form
stable covalent bonds with other carbon atoms and with hydrogen, oxygen, nitrogen
and sulfur atoms.

Also there is a phenomenon in chemistry that is closely connected with carbon. It
Is carbon assimilation. Carbon assimilation is the incorporation of carbon from
atmospheric carbon dioxide into organic molecules. This process occurs during
photosynthesis.

Vocabulary
carbon - yriepon relative atomic mass (r.a.m) -
atomic  number (a.n) - aTroMHBIH OTHOCHTEJIbHAS aTOMHas Macca

HOMEDP



melting point (m.p)
TUTaBJICHUS

boiling point (b.p) - Ttemmeparypa
KHTICHHS
allotropic forms
dbopMbI

diamond - anmas
naturally - B mpupone

to occur - BcTpeuyarbces

to belong to - mpunaanexKath

hard - TBepabIit

compound - coeTuHEHNE

bond - cBs3b

covalent bond - koBajsieHTHas CBSI3b
extremely - Becbma

to link — cBs3BIBaTH

to form - oOGpazoBsIBaTH

to be situated - maxomuThCs
tetrahedron - rerpasnp

to arrange - pacrnoJsiarate

layer - cioii

to surround - okpyxath

conductor - mpoBOAHUK
high-temperature  equipment -
o0opymoBaHue, MPEIHA3HAYCHHOE IS

- TeMIiepaTypa

-~AJUIOTPOIMMYCCKHUC

paboThI B YCJIOBHAX BBICOKOM
TeMIICPaTypPhbl
solid lubricant -  cmasbeIBaroUIMiA

MaTtepuana TBEPAOW KOHCUCTECHLINHU

Exercise 2. Answer the following questions.

1. What is carbon?

graphite - rpadur

soft - msrkwmii

slippery - ckonb3kwii

unique - yHHKaIbHBIN

allotrope - amnmorpon

fullerite - pymnepur

amorphous - amopdHBIii

carbon black - texmmueckmii yriepon,
rasoBas caka, yIJIEPOJHAsS  Caxa,
KOIOTh

charcoal - npeBecHslil yroib

carbon dating (radiocarbon dating) -

JaTHPOBAHUC PadIruoyricpoaom
(yriepoaHasi METKa)

sulphur - cepa

carbon assimilation - accumuIALHS

yriepoa

to assimilate - accumunpoBatbcst
nitrogen - asor

to produce - momy4arb, IPOW3BOIUTH
(MPOMBITITIEHHBIM, TIPOM3BOICTBEHHBIM
CIoco0om)

to prepare - TPUTOTOBUTH, MOJIYYUTH
(J1abopaToOpHBIM CITOCOOOM)

to obtain - momyuuTh, MOdy4aTh (B
71a00paTOPHBIX YCIOBUSIX)

to have variety of uses -
UCTIOJIB30BATHCS B pa3IMYHBIX chepax

2. How many allotropic forms does carbon have?

3. How can graphite be produced?
4. How are atoms arranged in graphite?
5. Where is graphite used?

Exercise 3. Put questions to the bold-typed words.

1. Diamond occurs naturally.

2. Graphite is agood conductor of electricity.



3. The hardness results from the structure.

4. The third crystalline allotrope is fullerite.

5. Graphite can be produced by Acheson process.

6. Carbon occurs in  organic compounds.

7. The layers are held together by weak van der Waals’ forces.

8. Diamond is extremely hard.

9. There are several amorphous forms of carbon: carbon black and charcoal.

10. Carbon forms a large number of compounds because of its unique ability to
form covalent bonds.

11. Graphite has variety of uses including electrical contacts, high-temperature
equipment and solid lubricants.

12. Graphite is a soft black slippery substance.

Exercise 4. Give the equivalents for the following words and make up sentences with
them:

Boiling point, melting point, to hold together, to have variety of uses, high-
temperature equipment, solid lubricants, nitrogen, sulphur, charcoal, to occur, layer,
to arrange, amorphous, carbon black, carbon dating.

Exercise 5. Match the beginnings of the sentences and the endings.

1. Carbon is a a) naturally.
2. Graphite is used in b) by weak van der Waals’ forces.
3. All metals have ¢) non-metallic element .
4. There are two d) the production of solid lubricants.
5. All layers are held e) a unique ability to form
covalent bonds.
6. Diamond occurs T) allows defining the age of an archeological
object.
7. Carbon dating g) amorphous forms of carbon.
8. Carbon is h) is the ‘lead’ in pencils.
9. Graphite mixed with clay i) an essential element for all living
organisms.

Exercise 6. Give the explanation for the following words: carbon, boiling point,
melting point, graphite, diamond, conductor, equipment, charcoal, carbon black,
carbon dating, covalent bond, fullerite.

Exercise 7. Put the following sentences into Passive.

1. We used carbon dating to define the age of this archeological finding.

2. Recently, we have bought new high-temperature equipment.



3. Our workers usually use carbon black in many industrial processes.

4. We have obtained two amorphous forms of carbon.

5. I will investigate this substance tomorrow.

6. How often do you use charcoal in your research?

7. We use graphite in many spheres.

8. We haven’t measured the boiling point yet.

9. How did you determine the mass of this substance ?

10. Recently we have studied the properties of graphite.

11. Our researchers are developing a new method for graphite production now.
12. To produce good solid lubricants we usually use graphite.

Exercise 8. Put the words into the right order.

1. Is /conductor /a / electricity / heat / of / and / graphite / good.

2. Stable / two / there / isotopes / are.

3. Unique / to form / atoms / sulphur / carbon / forms / ability / a / number / large
/ compounds /of / because of / its / stable / bonds / covalent / with.

4. Results / covalent / hardness / from / structure / of / covalent / diamond / the
Ithe.

5. Atom /is/to / other / linked / carbon / four / atoms/ each / situated / corners /
tetrahedron / are / the / of / that / at.

6. Compounds / occurs / all / organic / in / carbon.

7. Can /produced /be /diamond/ synthetically.

8. Is /carbon/ the / point / what / boiling / of ?

9. What / the / “charcoal” / your / of / term / understanding / is ?

10. Is/essential / for / animals / carbon / plants / for / an / element / and.

11. Is / graphite /in/solid /the /lubricants /used/ production / of.

Texts for educational purposes
Buckminsterfullerene

Buckminsterfullerene is a form of carbon composed of clusters of 60 carbon atoms
bonded together in a polyhedral structure composed of pentagons and hexagons.
Originally it was identified in 1985 in the products obtained by firing a high-power
laser at a graphite target. It can be made by an electric arc struck between graphite
electrodes in an inert atmosphere. The molecule, Cg, was named after the US
architect Richard Buckminster Fuller (1895-1983) because of the resemblance of the
structure to the geodesic dome, which Fuller invented. The molecules are informally
called buckyballs, more formally, the substance is called fullerene. The substance is
a yellow crystalline solid (fullerite), which is soluble in benzene.
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Various fullerene derivatives are known in which organic groups are attached to
carbon atoms on the sphere. In addition, it is possible to produce novel enclosure
compounds by trapping metal ions within the cage. Some of these have
semiconducting properties. The electric-arc method of producing also leads to a
smaller number of fullerenes such as C;,, which have less symmetrical molecular
structures. It is also possible to produce forms of carbon in which the atoms are
linked in a cylindrical, rather than spherical framework with a diameter of a few
nanometers. They are known as buckytubes (or nanotubes).

Buckminster fullerene

Inorganic compounds of carbon

Carbon dioxide is a colourless odourless gas, CO,, soluble in water, ethanol and
acetone. Density (d.) is 1.977 g / dm 2 (0 °C); m.p. is -56.6 °C; b.p. is -78.5°C. It
occurs in the atmosphere (0.04% by volume), but has a short residence time in this
phase. It is both consumed by plants during photosynthesis and produced by
respiration and combustion. It is readily prepared in the laboratory by the action of
dilute acids on metal carbonates or the action of heat on heavy-metal carbonates.
Carbon dioxide is a by-product from the manufacture of lime and from fermentation
processes. Carbon dioxide has a small liquid range. Liquid carbon dioxide is
produced only at high pressures. The molecule CO, is linear with each oxygen
making a double bond to carbon. Chemically, it is not reactive and will not support
combustion. It dissolves in water to give carbonic acid.

Large quantities of solid carbon dioxide (dry ice) are used in processes requiring
large-scale refrigeration. It is also used in fire extinguishers as a desirable alternative
to water for most fires and as a constituent of medical gases as it promotes
exhalation. It is also used in carbonated drinks.

The level of carbon dioxide in the atmosphere has increased by some 12% in the
last 100 years, mainly because of extensive burning of fossil fuels and the destruction
of large areas of rain forest. This has been postulated as the main cause of the average
increase of 0.5°C in global temperatures over the same period, through the

11



greenhouse effect. Steps are now being taken to prevent further increases in
atmospheric CO, concentration and subsequent global warming.

Carbon monoxide is a colourless odourless gas, CO, sparingly soluble in water and
soluble in ethanol and benzene. Density is 1.25 g dm™® (0 ° C); m.p. is -199°C; b.p.
is -191.5° C. It is flammable and highly toxic. In the laboratory it can be made by
the dehydration of methanoic acid (formic acid) using concentrated sulphuric acid.
Industrially it is produced by the oxidation of natural gas (methane) or by the water-
gas reaction. It is formed by the incomplete combustion of carbon and is present in
car-exhaust gases.

It is a neutral oxide which burns in air to give carbon dioxide and is a good reducing
agent, used in a number of metallurgical processes. It has the interesting chemical
property of forming a range of transition metal carbonyls, e.g. Ni(CO),. Carbon
monoxide is able to use vacant p-orbitals in bonding with metals. The stabilization of
low oxidation states, including the zero state, is a consequence of this. This also
accounts for its toxicity which is due to the binding of the CO to the iron in
haemoglobin, thereby blocking the uptake of oxygen.

Carbonic acid is a dibasic acid, H,COs, formed in solution when carbon dioxide is
dissolved in water:

CO,(aq) + H20(1) = H,COs(aq).

The acid is in equilibrium with dissolved carbon dioxide and also dissociates as
follows:

H2 C03 = H+ + HCO_g

Ky =4.5x107 mol dm™
HCO; = COs*  +H'
K¢s=4.8x10 "' moldm .

The pure acid cannot be isolated, although it can be produced in ether solution at
30°C. Carbonic acid gives rise to two series of salts: the carbonates and the
hydrogencarbonates.

Carbon disulphide (carbon bisulphide) is a colourless highly refractive liquid, CS,,
slightly soluble in water and soluble in ethanol and ether. Relative density (r.d.) is
1.261; m.p. is-110 ° C; b.p. is 46.3° C. Pure carbon disulphide has an ethereal odour
but the commercial product is contaminated with a variety of other sulphur
compounds and has a very unpleasant smell. It was previously manufactured by
heating a mixture of wood, sulphur and charcoal. Modern processes use natural gas
and sulphur. Carbon disulphide is an excellent solvent for oils, waxes, rubber, sulphur
and phosphorus, but its use is decreasing because of its high toxicity and its
flammability. It is used for the preparation of xanthates in the manufacture of viscose
yarns.

Carbide is any of various compounds of carbon with metals or other more
electropositive elements. True carbides contain the ion C* as in A1,C;. These are
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saltlike compounds giving methane on hydrolysis. They were formerly called
methanides. Compounds containing the ion C,* are also saltlike and are known as
dicarbides. They yield ethyne (acetylene) on hydrolysis. They were formerly called
acetylides. The above types of compound are ionic but have partially covalent bond
character, but boron and silicon form true covalent carbides, with giant molecular
structures. In addition, the transition metals form a range of interstitial carbides in
which the carbon atoms occupy interstitial positions in the metal lattice. These
substances are generally hard materials with metallic conductivity. Some transition
metals (e.g. Cr, Mn, Fe, Co and Ni) have atomic radii that are too small to allow
individual carbon atoms in the interstitial holes. These form carbides in which the
metal lattice is distorted and chains of carbon atoms exist (e.g. CrsC,, Fe;C, W,C).
Such compounds are intermediate in character between interstitial carbides and ionic
carbides. They give mixtures of hydrocarbons on hydrolysis with water or acids.
Organic compounds of carbon

Carbonium ion (carbenium ion) is an organic ion with a positive charge on a
carbon atom; i.e. it is an ion of the type R3C*. Carbonium ions are intermediates in
certain types of organic reaction (e.g. Williamson's synthesis). Certain fairly stable
carbonium ions can be formed (carbocations). Carbonium ions can be prepared from
an alkyl fluoride and a superacid, such as antimony pentafluoride (SbFs) at low
temperature. Carbonium atoms always have a strong affinity for such nucleophiles as
water.

Carbanion is an organic ion with a negative charge on a carbon atom; i.e. itis an
ion of the type R;C . Carbanions are intermediates in certain types of organic
reaction (e.g. the aldol reaction).

Carbonyl group is the group >C=0, found in aldehydes, ketones, carboxylic acids,
amides. Carboxyl group is the organic group -COOH, present in carboxylic acids.

Carbonyl compound is a compound containing the carbonyl group >C=O0.
Aldehydes, ketones and carboxylic acids are examples of organic carbonyl
compounds. Inorganic carbonyls are complexes in which carbon monoxide has
coordinated to a metal atom or ion, as in nickel carbonyl, Ni(CO), Carbonyl chloride
(phosgene) is a colourless gas, COCI,, with an odour of freshly cut hay. It is used in
organic chemistry as a chlorinating agent and was formerly used as a war gas.

Carboxylic acids are organic compounds containing the group -COOH (the
carboxyl group; i.e. a carbonyl group attached to a hydroxyl group). In systematic
chemical nomenclature carboxylic-acid names end in the suffix -oic, e.g. ethanoic
acid, CH3;COOH. They are generally weak acids. Many long-chain carboxylic acids
occur naturally as esters in fats and oils and are therefore also known as fatty acids.
Methanoic acid (formic acid) is a colourless pungent liquid, HCOOH; r.d. is 1.2;
m.p. is 8°C; b.p. is 101°C. It can be made by the action of concentrated sulphuric

13



acid on the sodium salt (sodium methanoate) and occurs naturally in ants and stinging
nettles. Methanoic acid is the simplest of the carboxylic acids.

Carbene is a species of the type R,C:, in which the carbon atom has two electrons
that do not form bonds. Methylene, :CH,, is the simplest example. Carbenes are
highly reactive and exist only as transient intermediates in certain organic reactions.
They attack double bonds to give cyclopropane derivatives. They also cause insertion
reactions, in which the carbene group is inserted between the carbon and hydrogen
atoms of a C-H bond:

C-H +:CR, — C-CR,-H.

Alcohols are organic compounds that contain the -OH group. In systematic
chemical nomenclature alcohol names end in the suffix -ol. Examples are methanol,
CH50H, and ethanol, C,HsOH. Primary alcohols have two hydrogen atoms on the
carbon joined to the -OH group (i.e. they contain the group -CH,-OH). Secondary
alcohols have one hydrogen on this carbon (the other two bonds being to carbon
atoms, as in (CH3),CHOH). Tertiary alcohols have no hydrogen on this carbon (as
In(CH3); COH). The different types of alcohols may differ in the way they react
chemically. For example, with potassium dichromate (VI) in sulphuric acid the
following reactions occur:
primary alcohol — aldehyde — carboxylic acid
secondary alcohol— ketone
tertiary alcohol - no reaction.

Other characteristics of alcohols are reaction with acids to give esters and
dehydration to give alkenes or ethers. Alcohols that have two -OH groups in their
molecules are diols (or dihydric alcohols), those with three are triols (or trihydric
alcohols). Methanol (methyl alcohol) is a colourless liquid, CH3;OH; r.d. is 0.79; m.p.
IS -93.9°C; b.p. is 64.96°C. It is made by catalytic oxidation of methane (from
natural gas) using air. Methanol is used as a solvent and as a raw material for making
methanal (mainly for urea-formaldehyde resins). It was formerly made by the dry
distillation of wood (hence the name wood alcohol).

Aldehydes are organic compounds that contain the group -CHO (the aldehyde
group; i.e. a carbonyl group (C=0) with a hydrogen atom bound to the carbon atom).
In systematic chemical nomenclature, aldehyde names end with the suffix -al.
Examples of aldehydes are methanal (formaldehyde), HCOH, and ethanal
(acetaldehyde), CH;CHO. Aldehydes are formed by oxidation of primary alcohols.
Further oxidation yields carboxylic acids. They are reducing agents and tests for
aldehydes include Fehling's test and Tollens reagent. Aldehydes have certain
characteristic addition and condensation reactions. With sodium hydrogensulphate
(1V) they form addition compounds of the type [RCOH(SO3)H] Na’. Formerly these
were known as bisulphite addition compounds. They also form addition compounds
with hydrogen cyanide to give cyanohydrins and with alcohols to give acetals and
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undergo condensation reactions to yield oximes, hydrazones and semicarbazones.
Aldehydes readily polymerize.

Methane is a colourless odourless gas, CH4; m.p. is -182.5°C; b.p. is -164°C.
Methane is the simplest hydrocarbon, being the first member of the alkane series. It is
the main constituent of natural gas (-99%) and is an important raw material for
producing other organic compounds. It can be converted into methanol by catalytic
oxidation.

Benzene is a colourless liquid hydrocarbon, CsHg; r.d. is 0.88; m.p. is 5.5°C;
b.p. is 80.1°C. It is now made from gasoline and from petroleum by catalytic
reforming (formerly obtained from coal tar). Benzene is the archetypal aromatic
compound. It has an unsaturated molecule, yet will not readily undergo addition
reactions. On the other hand, it does undergo substitution reactions in which
hydrogen atoms are replaced by other atoms or groups. This behaviour occurs
because of delocalization of p-electrons over the benzene ring and all the C-C bonds
in benzene are equivalent and intermediate in length between single and double
bonds. It can be regarded as a resonance hybrid of Kekule and Dewar structures. In
formulae it can be represented by a hexagon with a ring inside it.

Texts from scientific articles
Journal: Biomaterials
Mesoporous carbide-derived carbon with porosity tuned
for efficient adsorption of cytokines

Abstract

Porous carbons can be used for the purification of various bio-fluids , including
the cleansing blood of inflammatory mediators in conditions such as sepsis or auto-
iImmune diseases. Here we show that the control of pore size in carbons is a key
factor to achieving efficient removal of cytokines. In particular, the surface area
accessible by the protein governs the rate and effectiveness of the adsorption process.
We demonstrate that novel mesoporous carbon synthesized from ternary MAX-phase
carbides can be optimized for efficient adsorption of large inflammatory proteins.
The synthesized carbons, having tunable pore size with a large volume of slit-shaped
mesopores, outperformed all other materials or method in terms of efficiency of TFN
- o removal and the results are comparable only with highly specific antibody-
antigen interactions.

Introduction.

Activated carbons (AC), known for over 3000 years, still remain the most
powerful conventional adsorbents, mainly due to their highly developed porous
structure and these experiments carbide derived carbons (CDCs) outperformed any
other materials or method for the efficient removal of TFN - o and the results are
comparable only to highly specific antibody-antigen interactions.
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Adsorption of the smaller cytokine IL-6 by most of the studied carbons was
noticeably higher, but demonstrated similar trends. Strictly microporous Adsorba
300° C was clearly inefficient. However, CDCs prepared at 600 ° C having a limited
amount of mesopores (pores 2-50 nm), adsorbed 66-77 % of the cytokines initially
present in the solution for 1 hr. The CDCs produced at 1200 ° C demonstrated 97-
98.5 % adsorption which is comparable with the CXV samples, capable of adsorbing
~99% . The CDCs prepared from Ti,AIC at 800 ° C having the most developed
mesoporosity decreased IL-6 concentration by ~99.8 %; the remaining IL-6 was
close to the detection limit of ELISA used.

Lesson 2

Part 1
Attributive chains (AC)

Attributive chains are compound phrases which consist of two or more nouns
connecting logically with each other where the preposition «ofy» is absent. E.g.:
the reaction of catalysis - catalysis reaction
the solution of benzene - benzene solution.
As all compound phrases are formed in scientific literature with the help of
genitive case (poautenpHBINA Taaek), Most authors prefer to use attributive chains.
To avoid the frequent repetition of the preposition «of» authors omit this
preposition by transferring the word which must be after the preposition «of» at
the beginning of a phrase. Let’s consider this process on the following example.
At first we will translate all the words:
['opeHne XUAKOCTH aleTUICHa:
ropenue - combustion
*KuakocTs - liquid
aleTUIIEeH - acetylene.

Now let’s translate this phrase using the preposition «of»: ropenue xuaKocTH
anerunena - the combustion of the liquid of acetylene. Here we can see two
prepositions «of». Such kind of phrase is not good for English style. To get rid
(n30aButhest) Of the excessive (upesmepnbiii) use of the preposition «ofy we
should put the word «acetylene» at the beginning. The word «acetylene» will be
the first. Then after the word «acetylene» we must put the word «liquidy. It will be
the second word. And finally the word «combustion» will be the last one in this
phrase. As a result we have the following word combination: acetylene liquid
combustion.

Now let’s consider the translation of AC from English into Russian on the
following example: magnesium oxide melting point.
At first of all we will translate all the words in this phrase:
magnesium - Maruui
oxide - okcun
melting point - Temmeparypa IUIaBICHHUS.
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When we translate from English into Russian we should start our translation
from the last word. The first word will be melting point - remneparypa nnasiexus,
the second word will be oxide - okcux and the last word will be magnesium -
marauit and finally we will have the following phrase: remmeparypa miaBneHwus
OKCHJa MarHus4.

Vocabulary:

to proceed - mpoxXoaAHTH, IPOTEKATH hydrocarbon - yrieBogopon
toluene - Tomyou data - manubie

well - ckBaxxuua reduction - BoccTaHOBIIEHHE

commercial - mpou3BoACTBEHHBIMH
Practice
Translate the following sentences paying attention to the translation of the
compound phrases:
1. We have obtained catalysis original data.
2. Silicon oxidation technique was successfully tested by researches last year.
3. Heavy hydrocarbon fuel has been added into this device.
4. Last time toluene reduction proceeded very slowly.
5. Commercial well drilling has opened a new era in petrochemistry.
6. Hydrogen oxide is the lightest compound in chemistry.
7. Benzene is astrong solvent.
8. Last year we developed a new combustion technique.
9. Toluene oxidation process has taken place at 40 K.
10. Anew toluene production procedure was developed two years ago.
11. The detection method developed by Lovelock is widely-used by us.
12. Present - day theories attempt to explain this phenomenon.
13. Benzene structure analysis has been carried out by us.
14. The researchers couldn’t determine the soot yield.
15. Unfortunately, we haven’t obtained the analysis data yet.
16. We have used terbium oxide to obtain this substance.

Part 2
Exercise 1. Read, translate and retell the text.
Alkali Metals

Alkali metals are the elements of group 1 (formerly 1A) of the periodic table:
lithium (Li), sodium (Na), potassium (K), rubidium (Rb), cesium (Cs) and francium
(Fr). All have a characteristic electron configuration that is a noble gas structure
with one outer s-electron. They are typical metals (in the chemical sense) and
readily lose their outer electron to form stable M ions with noble-gas
configurations. All are highly reactive, with the reactivity (i.e. metallic character)
that increases down the group. There is a decrease in ionization energy from
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lithium to cesium. The second ionization energies are much higher and divalent
ions are not formed. Other properties also change down the group. Thus, there is
an increase in atomic and ionic radius, an increase in density and a decrease in
melting and boiling points. The standard electrode potentials are low and
negative, although they do not show a regular trend because they depend both on
ionization energy (which decreases down the group) and the hydration energy of
the ions (which increases). All the elements react with water (lithium slowly; the
others violently) and tarnish rapidly in air. They can all be made to react with
chlorine, bromine, sulphur and hydrogen. The hydroxides of the alkali metals are
strongly alkaline (hence the name) and do not decompose on heating. The salts are
generally soluble. The carbonates do not decompose on heating, except at very
high temperatures. The nitrates (except for lithium) decompose to give the nitrite
and oxygen:

2MNO3(s) — 2MNO,(s) + O(0).

Lithium nitrate decomposes to the oxide. In fact lithium shows a number of
dissimilarities to the other members of group 1 and in many ways it resembles
magnesium. Lithium is widely-used in batteries and also as a potential tritium
source for fusion research. On heating it reacts with nitrogen and oxygen. In
general, the stability of the salts of oxo acids increases down the group (i.e. with
increasing size of the M* ion). This trend occurs because the smaller cations (at the
top of the group) tend to polarize the oxo anions more effectively than the larger
cations at the bottom of the group.

Vocabulary

alkali metals - menouHbie MeTaLTBI standard electrode potentials -
lithium - auTnii CTaHJIapTHBIC JICKTPOTHBIC
potassium - kamuii [MOTEHIIAAJTBI

rubidium - pyounnii chlorine - xmop

cesium - me3wuii bromine - 6pom

francium - dpannumii to decompose - pasmaraTbes

noble gas - GnaroposHsIit ra3 to resemble - ObITH MOXO0XKUM
ionization - nonuzamus magnesium - mMaraui

reactive - peakIIMOHHO-CIIOCOOHBIH, heating - HarpeBanue

XMMHYECKH aKTHUBHBIH cation - kaTHoH

reactivity - peakimonHast anion - aHuoOH

CIIOCOOHOCTH to polarize — monsipu3oBaTh(-cs)
dissimilarity - pazmuuue nitric acid - azoTHas KucioTa

divalent ion - qByxBaJCHTHBII HOH
to tarnish - BbI3bIBaTh MOTYCKHEHUE
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Exercise 2. Answer the following questions.

1. What elements belong to alkali metals?

2. Why do alkali metals readily lose their outer electron?

3. What substances do alkali metals react with and where do they tarnish?

4. Why don’t alkali metals show a regular trend?

5. What substance does lithium nitrate decompose to?
Exercise 3. Put questions to the bold-typed words.

1. Alkali metals can all be made to react with chlorine.

2. Lithium (Li) is an alkali metal.

3. The standard electrode potentials are low and negative.

4. Salts are generally soluble.

5. The nitrates (except for lithium) decompose to give the nitrite.

6. The carbonates do not decompose on heating.

7. There is a decrease in ionization energy from lithium to cesium.

8. In fact lithium shows a number of dissimilarities to the other members of

group 1.

9. The smaller cations tend to polarize the oxo anions.

10. The second ionization energies are much higher.

11. lonization energy decreases from lithium to cesium.

12. Other properties also change down the group.
Exercise 4. Give the equivalents for the following words and make up sentences
with them: alkali metals, lithium, sodium, potassium, rubidium, cesium,
francium, noble gas, ionization, reactive, to decompose, to resemble,
magnesium, heating, carbonate, cation anion, to polarize.
Exercise 5. Match the following words with the correct definitions.
1. Nitric acid is a) poisonous and harmful to people and animals.
2. Natural gas is b) a colourless acid that can destroy substances

and used to make explosives.
3. Oil pollution is c) gas consisting of methane and other
hydrocarbon gases that
are found underground and used for heating and cooking.
4. Sulfuric acid is  d) a strong acid that has no color and can harm flesh.
Chemical formula is H,SO,

5. Toxic means e) a pollution caused by oil.
6. Boiling point is  f) a point at which liquid boils.
7. Phenol is g) a poisonous white chemical compound.

When dissolved in water it is used as an antiseptic.
8. Sodium is h) a process for producing ions.
9. lonization is 1) a soft, silvery-white metal that is found

naturally only in compounds, such as salt.
Exercise 6.
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a) Fill the gaps with an appropriate word and translate the text: bonds,
molecule, energy, bond, to form, electrons, covalent, valence, configuration,
atoms, to give, gas.

Chemical bond

Chemical bond is a strong force of attraction that connects atoms ina ... or
crystal. Usually chemical bonds have .... that is equal to 10000 kJmol ™ . There are
two types of chemical ... . The first type is ionic ... . Transfer of electrons ... ionic
bond. For instance, calcium atom has electron configuration of [Ar] 4s2. It has two
electrons in outer shell. The electron ... of chlorine atom is [Ne] 3s°3p® with seven
outer electrons. If calcium atom transfers two .... to chlorine atom it becomes Ca®*
ion with stable configuration of inert ... . ... electrons form covalent bond.
bond is a bond where one of the atoms supplies two electrons. For instance,
hydrogen ... have one outer electron. In hydrogen molecule H, each atom ... one
electron to the bond. So, hydrogen atom controls two electrons. In water molecule
H,O oxygen atom with six outer electrons controls an extra two electrons which
hydrogen atoms supply. Similarly, hydrogen atoms gain control of an extra electron
from oxygen.

Notes to the text: outer - BHEUTHUH

chemical bond — xumudeckast cBsi3b shell - obosouka

force - cuma for instance -mampumep

attraction - nputskeHHe Inert gas - MHEPTHBII Ta3

electron transfer — nmepenoc to gain control of - mony4ars
3JIEKTPOHOB KOHTPOJIb HaJl

to be equal to - paBHsATBCS to supply - maBath, oOecrieunBaThH

b) Grammar and spelling quiz: find and correct the mistakes in the following
sentences:

1. Are alkali metals elements to an group 1 (formerly IA) with pireodec
tabl: lithum (Li), sadium (Na), potasium (K), rubium (Rb), cesiem (Cs) and
franceum (Fr).

Decomposes nitrate lithim wth the oxide.
All is high reactive.
Are the salts soluble gebneraly.
Nitrates decomoposes to give thee oxide.
6. In fact lithum show a number of dissimilarities.

c) Chemical quiz: Are these sentences true or false?:

1. Nais anon-metal.

2. Alkaline-earth metals and alkali metals are similar.
3. Graphite is a metal.
4
5

oW

. The boiling point of carbon is 43 ° C.
. Chemical bond is a connection between two chemical elements.
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6.

Hydrogen atoms controls one molecule.

Exercise 7. Put the prepositions into the gaps, some prepositions can be used 2-3
times: down, with, of, in, on, at, to, of.

1.

2.

w

All the elements react ... water (lithium slowly; the others violently) and
tarnish rapidly ... air.

They can all be made to react ... chlorine, bromine, sulphur, and hydrogen.
The hydroxides ... the alkali metals are strongly alkaline and do not
decompose ... heating.

The carbonates decompose ... high temperatures.

4,
5. The energy .....chemical bond is equal ... 10000 kJ/mol.

6. The stability of the salts of oxo acids increases ... the group.
7.
8
9.
1

This phenomenon can be observed only ... high pressure.

. One can see an increase ... atomic and ionic radius.

The standard electrode potentlals depend ... ionization energy.

0. The larger cations ... the bottom ... the group tend to polarize less

effectively than smaller ones.
.. fact lithium shows a number ... dissimilarities ... the other members of
group 1.

Exercise 8.

a)

CoNoGaRwWNE

Describe any alkali element on the following plan:
boiling point;

melting point;

atomic number;

relative density;

valence;

Is it a metal or non-metal ?;

What group does it belong to?;

colour,;

. odour,;

10 Where is it used?;

11.What substances does it react with?;

12. What chemical compounds does it have?.

b) Choose any two alkali elements and compare them on the following plan

using comparative and superlative degree:
1. melting point;
2. boiling point;
3. relative density;
4. atomic and ionic radius;
5. relative atomic mass
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Texts for educational purposes
Clay and its minerals

Clay is a fine-grained deposit consisting chiefly of clay minerals. It is

characteristically plastic and virtually impermeable when wet and cracks when it
dries out. In geology the size of the constituent particles is usually taken to be less
than 1/256 mm. In soil science clay is regarded as a soil with particles less than 0.002
mm in size.
Clay minerals are very small particles, chiefly hydrous silicates of aluminium,
sometimes with magnesium and/or iron substituting for all or part of the aluminium,
that are the major constituents of clay materials. The particles are essentially
crystalline (either platy or fibrous) with a layered structure, but may be amorphous or
metalloidal. The clay minerals are responsible for the plastic properties of clay; the
particles have the property of being able to hold water. The chief groups of clay
minerals are: Al;Si;O.0(OH)g, the chief constituent of kaolin; halloysite, kaolinite,
A|4S|4(OH)80|04H20, illite, KAI4(S|A|)8 045.2H50; montmorillonite,
(Na,Ca)g.33(Al,MQ),Si,O10(OH),.nH,0, formed chiefly through alteration of volcanic
ash; and vermiculite, (Mg,Fe,Al)3(Al,Si)4010(OH),.4H,0, used as an insulating
material and potting soil.

Potassium and its compounds

Potassium is a soft silvery metallic element belonging to group 1 (formerly 1A)
of the periodic table; a.n. is 19; r.a.m. is 39.098; r.d. is 0.86; m.p. is 63.7°C; b.p. is
774°C. The element occurs in seawater and in a number of minerals, such as sylvite
(KC1), carnallite (KCIl.MgCl,.6H,0), and kainite (MgSQO,4.KC1,.6H,0). It is obtained
by electrolysis. The metal has few uses but potassium salts are used for a wide range
of applications. Potassium is an essential element for living organisms. The
potassium ion, K', is the most abundant cation in plant tissues, being absorbed
through the roots and being used in such processes as protein synthesis. In animals
the passage of potassium and sodium ions across the nerve-cell membrane is
responsible for the changes of electrical potential that accompany the transmission of
impulses. Chemically, it is highly reactive, resembling sodium in its behaviour and
compounds. It also forms an orange-coloured superoxide, KO,, which contains the
O, ion. Potassium was discovered by Sir Humphry Davy in 1807.

Potassium bromide is a white or colourless crystalline solid, KBr, slightly
hygroscopic and soluble in water and very slightly soluble in ethanol. Its shape is
cubic; r.d. is 2.75; m.p. is 734°C; b.p. is 1435°C. Potassium bromide may be
prepared by the action of bromine on hot potassium hydroxide solution or by the
action of iron (I11) bromide or hydrogen bromide on potassium carbonate solution. It
is used widely in the photographic industry and is also used as a sedative. Because of
its range of transparency to infrared radiation, KBr is used both as a matrix for solid
samples and as a prism material in infrared spectroscopy.
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Potassium carbonate (pearl ash; potash) is a translucent (granular) or white
(powder) deliguescent solid known in the anhydrous and hydrated forms. K,CO;
(monoclinic; r.d. is 2.4; m.p. is 891°C) decomposes without boiling. 2K,C03.3H,0
(monoclinic; r.d. is 2.04) dehydrates to K,CO3.H,O above 100°C and to K,COs
above 130° C. It is prepared by the Engel-Precht process in which potassium chloride
and magnesium oxide react with carbon dioxide to give the compound Engel's salt,
MgCO;.KHC05.4H,0. It decomposes in solution to give the hydrogencarbonate,
which can then be calcined to K,COs. Potassium carbonate is soluble in water
(insoluble in alcohol) with significant hydrolysis to produce basic solutions.
Industrial uses include glasses and glazes, the manufacture of soft soaps. It is used
also in laboratory as a drying agent.

Potassium chlorate is a colourless crystalline compound, KCIOs, which is soluble
in water and moderately soluble in ethanol; monoclinic; r.d. is 2.32; m.p. is 356°C. It
decomposes above 400°C giving off oxygen. The industrial route to potassium
chlorate involves the fractional crystallization of a solution of potassium chloride and
sodium chlorate but it may also be prepared by electrolysis of hot concentrated
solutions of potassium chloride. It is a powerful oxidizing agent finding applications
in weedkillers and disinfectants. Due to its ability to produce oxygen it is used in
explosives, pyrotechnics and matches.

Potassium chloride is a white crystalline solid, KC1, which is soluble in water and
very slightly soluble in ethanol; its shape is cubic; r.d. is 1.98; m.p. is 772°C. It
sublimes at 1500°C. Potassium chloride occurs naturally as the mineral sylvite (KC1)
and as carnallite (KCIl.MgCl,.6H,0). It is produced industrially by fractional
crystallization of these deposits or of solutions from lake brines. It has the interesting
property of being more soluble than sodium chloride in hot water but less soluble in
cold. It is used as a fertilizer, in photography and as a source of other potassium salts
such as the chlorate and the hydroxide. It has low toxicity.

Potassium chromate is a bright yellow crystalline solid, K,CrO,, soluble in water
and insoluble in alcohol. Its shape is rhombic; r.d. is 2.73; m.p. is 968.3°C. It
decomposes without boiling. It is produced industrially by roasting powdered
chromite ore with potassium hydroxide and limestone and by leaching the resulting
cinder with hot potassium sulphate solution. Potassium chromate is used in leather
finishing as a textile mordant and in enamels and pigments. In the laboratory it is
used as an analytical reagent and as an indicator. Like other chromium (lII)
compounds it is toxic when ingested or inhaled.

Potassium chromium sulphate (chrome alum) is a violet or ruby-red crystalline
solid, K»,S0,.Cr,(S0,)3.24H,0, that is soluble in water and insoluble in ethanol. Its
shape is cubic or octahedral; r.d. is 1.826; m.p. is 89°C. It loses 10H,0 at 100°C,
12H,0 at 400°C. Six water molecules surround each of the chromium (I1l) ions and
the remaining ones are hydrogen bonded to the sulphate ions. Like all alums, the
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compound may be prepared by mixing equimolar quantities of the constituent
sulphates.

Potassium dichromate (potassium bichromate) is an orange-red crystalline solid,
K,Cr,07, soluble in water and insoluble in alcohol. It is monoclinic or triclinic; r.d. is
2.68. Monoclinic changes to triclinic at 241.6°C; m.p. is 396°C. It decomposes
above 500°C. It is prepared by acidification of crude potassium chromate solution
(the addition of a base to solutions of potassium dichromate reverses this process).
The compound is used industrially as an oxidizing agent in the chemical industry and
in dyestuffs manufacture, in electroplating, pyrotechnics, glass manufacture, glues,
tanning, photography and lithography and in ceramic products. Laboratory uses
include application as an analytical reagent and as an oxidizing agent. Potassium
dichromate is toxic and considered a fire risk on account of its oxidizing properties.

Potassium hydrogencarbonate (potassium bicarbonate) is a white crystalline solid,
KHCO;, soluble in water and insoluble in ethanol; r.d. 2.17. It decomposes at about
120°C. It occurs naturally as calcinite and is prepared by passing carbon dioxide into
saturated potassium carbonate solution. It is used in baking, soft-drinks manufacture
and in CO, fire extinguishers. Because of its buffering capacity it is added to some
detergents and also used as a laboratory reagent.

Potassium hydrogentartrate (cream of tartar) is a white crystalline acid salt,
HOOC(CHOH),COOK. It is obtained from deposits on wine vats (argol) and used in
baking powders.

Potassium hydroxide (caustic potash; lye) is a white deliquescent solid, KOH,
often sold as pellets, flakes, or sticks, soluble in water and in ethanol and very
slightly soluble in ether. Its shape is rhombic; r.d. is 2.044; m.p. is 360.4°C; b.p. is
1320°C. It is prepared industrially by the electrolysis of concentrated potassium
chloride solution but it can also be made by heating potassium carbonate or sulphate
with slaked lime, Ca(OH),. It closely resembles sodium hydroxide but is more
soluble and is therefore preferred as an absorber for carbon dioxide and sulphur
dioxide. It is also used in the manufacture of soft soap, other potassium salts and in
Ni-Fe and alkaline storage cells. Potassium hydroxide is extremely corrosive to body
tissues and especially damaging to the eyes.

Potassium iodate is a white crystalline solid, KIOs, soluble in water and insoluble
in ethanol. It is monoclinic; r.d. is 3.9: m.p. is 560°C. It may be prepared by the
reaction of iodine with hot concentrated potassium hydroxide or by careful
electrolysis of potassium iodide solution. It is an oxidizing agent and is used as an
analytical reagent. Some potassium iodate is used as a food additive.

Potassium iodide is a white crystalline solid, KI, with a strong bitter taste, soluble
in water, ethanol, and acetone. Its shape is cubic; r.d. is 3.13; m.p. is 681°C; b.p. is
1330°C. It may be prepared by the reaction of iodine with hot potassium hydroxide
solution followed by separation from the iodate (which is also formed) by fractional
crystallization. In solution it has the interesting property of dissolving iodine to form
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the triiodide ion 157, which is brown. Potassium iodide is widely used as an analytical
reagent, in photography and also as an additive to table salt to prevent goitre and
other disorders due to iodine deficiency.

Potassium manganate (VII) (potassium permanganate) is a compound, KMnOQ;,,
forming purple crystals with a metallic sheen, soluble in water (intense purple
solution), acetone and methanol but it is decomposed by ethanol; r.d. is 2.70.
Decomposition is slightly above 100°C and is complete at 240°C. The compound is
prepared by fusing manganese (IV) oxide with potassium hydroxide to form the
manganate and electrolysing the manganate solution using iron electrodes at about
60°C. An alternative route employs production of sodium manganate by a similar
fusion process, oxidation with chlorine and sulphuric acid, then treatment with
potassium chloride to crystallize the required product.

Potassium manganate (VII) is widely used as an oxidizing agent and as a
disinfectant in a variety of applications and as an analytical reagent.

Potassium monoxide is a grey crystalline solid, K,O. Its shape is cubic; r.d. is
2.32. Decomposition occurs at 350°C. It may be prepared by the oxidation of
potassium metal with potassium nitrate. It reacts with ethanol to form potassium
ethoxide (KOC,Hs) and with liquid ammonia to form potassium hydroxide and
potassamide (KNH,).

Potassium nitrate (saltpetre) is a colourless rhombohedral or trigonal solid, KNOs,
soluble in water, insoluble in alcohol; r.d. is 2.109. Transition to trigonal forms at
129°C; m.p. is 334°C. It decomposes at 400°C. It occurs naturally as nitre and may
be prepared by the reaction of sodium nitrate with potassium chloride followed by
fractional crystallization. It is a powerful oxidizing agent (releases oxygen on
heating) and is used in gunpowder and fertilizers.

Potassium nitrite is a white or slightly yellow deliquescent solid, KNO,, soluble
in water and insoluble in ethanol; r.d. is 1.91; m.p. is 440°C. It may explode at
600°C. Potassium nitrite is prepared by the reduction of potassium nitrate. It reacts
with cold dilute mineral acids to give nitrous acid and is also able to behave as a
reducing agent (if oxidized to the nitrate) or as an oxidizing agent (if reduced to
nitrogen). It is used in organic synthesis because of its part in diazotization and in
detecting the presence of the amino groups in organic compounds.

Potassium sulphate is a white crystalline powder, K,SO,, soluble in water and
insoluble in ethanol. Its shape is rhombic or hexagonal; r.d. is 2.66; m.p. is 1069°C.
It occurs naturally as schonite (Strassfurt deposits) and in lake brines from which it is
separated by fractional crystallization. It has also been produced by the Hargreaves
process which involves the oxidation of potassium chloride with sulphuric acid. In
the laboratory it may be obtained by the reaction of either potassium hydroxide or
potassium carbonate with sulphuric acid. Potassium sulphate is used in cements, in
glass manufacture, as a food additive and as a fertilizer (source of K*) for chloride-
sensitive plants, such as tobacco and citrus.
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Lesson 3

Part 1
Ways of the Translation of Passive Voice
There are a few ways of the translation of the passive voice. They are the
following:

1. passive voice can Dbe translated by passive voice itself, e.g.: These data are

presented in Fig. 2. - DTu AaHHBIC IPEICTABICHBI HA PUCYHKE 2.

2. Passive voice can be translated into Russian by the verbs with endings -cs, -cb.

E.g.: Solubility of hydroxides is characterized by  solubility constant. -

PacTBOpHMOCTh THIPOKCHIOB  XapaKTEPU3YETCs KOHCTAHTOW pacTBOPUMOCTH. The

beauty of this method was recognized by many scientists. - ITIpeumyiiecTBo 3TOr0

MCTO/Ja IIPHU3HABAJIOCh MHOI'MMHU YUCHBIMH.

3. Passive voice can be translated as a verb in active voice, e.g.: The properties of
iron  were taken into account in the measurement of its relative density -
CBolicTBAa kKeJe3a yWIN TPU U3MEPEHUHN €T0 OTHOCUTEIBHOM TNIOTHOCTH.

4. Passive voice of compound verbal complexes that include modal verbs is
translated as infinitive, e.g.: Tin can be reduced under high pressure. - Omogo
MOKHO BOCCTaHOBUTH IIPHM BBICOKOM pdaBieHuu. These conditions should be
maintained. - HeoOxoauMo moaaepKUBaTh 3TH YCIOBUSL.

Translation of the construction: under + noun
There are some constructions in English like “under +noun”. In scientific
literature the preposition “under” in this constructions is translated as “npu’: under
pressure - mpu gaBieHud, under temperature - mpu temnepatype, but there are

cases where it can be translated in a different way. They can be translated as a

participle.  In English they are often placed after a noun but in translation into

Russian they are placed before the noun. E.g.: The properties under examination

are very important - PaccmaTpruBaeMbie CBOWCTBA OUCHb BaXKHBI.
Here are some examples of these constructions:

under consideration - paccmarpuBaeMslii

under examination - paccMaTpuBaeMbIi

under review - paccMaTpuBacMBbIit

under investigation - ucciemyemsblit

under study - uccrienyemblil, U3y4aeMblii

under observation - HaGr01aeMbIi

under test - uCIIBITYEMBbIH, UCTIBITHIBACMBIN

under way - oCyIIecTBIsSEMbIN B TaHHOE BPEMH.

Vocabulary

vinylacetylene - Bununaneruiexn iIsomaltose - u3zomanbTO32a

rate of reaction - ckopocTh peakiuu independent synthesis - BcTpeuHsIit
trisacharide - Tpucaxapun CHUHTE3
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hydrolyse - ruaponu3oBbIBaThCS, impurity - npuMech
THIPOJIN30BaTh
Practice

Translate the following sentences paying attention to the passive voice and
constructions: “under +noun”.

1. At this point the material under examination is fed.

2. Hydrogen has been substituted by oxygen.

3. The values have little relevance to the problem under investigation.

4. Vinylacetylene under pressure with or without catalysis is polymerized.

5. The results have been affected by the presence of impurities.

6. The amine is isolated from reaction.

7. The rate of reaction is symbolized by XV.

8. The trisacharide under examination has been contaminated with isomaltose.

9. The reaction was accompanied by the violent evolution of heat.

10. Conclusive proof for dioxin structure was obtained through independent
synthesis last time.

11. These results under review have been verified by us a few times.

12. The polarization of these lines under consideration can be predicted using this
mechanism.

13. A new technique under consideration has been developed by us.

14. The oxidation of this substance has been carried out by us.

15. The research of the new properties of iron compounds are being carried out by
them.

16. Compound Il under study can be hydrolyzed to yield free amine.

17. The reaction under study can be accompanied by resin formation.

18. This apparatus is made up of the following parts.

19. The properties of these compounds were defined by us last year.

20. This method will be reported by us tomorrow.

21. This reaction has been hindered by the presence of impurities.

Part 2
Exercise 1. Read and translate the text. Make the summary of the text.
Alkaline-Earth Metals

Alkaline-earth metals are the elements of group 2 (formerly IIA) of the
periodic table: beryllium (Be), magnesium (Mg), calcium (Ca), strontium (Sr), and
barium (Ba). The elements are sometimes referred to as the 'alkaline earths’,
although strictly the ‘earths' are the oxides of the elements. All have a
characteristic electron configuration that is a noble-gas structure with two outer s-
electrons. They are typical metals (in the chemical sense) and readily lose both
outer electrons to form stable M?* ions; i.e. they are strong reducing agents. All are
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reactive, with the reactivity increasing down the group. There is a decrease in both
first and second ionization energies down the group. Although there is a
significant difference between the first and second ionization energies of each
element, compounds containing univalent ions are not known. This is because the
divalent ions have a smaller size and larger charge, leading to higher hydration
energies (in solution) or lattice energies (in solids). Consequently, the overall
energy change favours the formation of divalent compounds. The third ionization
energies are much higher than the second ionization energies, and trivalent
compounds (containing M®*) are unknown.

Beryllium, the first member of the group, has anomalous properties because
of the small size of the ion: its atomic radius (0.112 nm) is much less than that of
magnesium (0.16 nm). From magnesium to radium there is a fairly regular
increase in atomic and ionic radius. Other regular changes take place in moving
down the group from magnesium. Thus, the density, melting and boiling points
increase. Beryllium, on the other hand, has higher boiling and melting points than
calcium and its density lies between those of calcium and strontium. The standard
electrode potentials are negative and show a regular small decrease from
magnesium to barium. In some ways beryllium resembles aluminium.

All the metals are rather less reactive than the alkali metals. They react with
water and oxygen (beryllium and magnesium form a protective surface film) and
can be made to react with chlorine, bromine, sulphur, and hydrogen. The oxides
and hydroxides of the metals show the increasing ionic character in moving down
the group. Beryllium hydroxide is amphoteric. Magnesium hydroxide is a very
slightly soluble in water and weakly basic, calcium hydroxide is sparingly soluble
and distinctly basic. Strontium and barium hydroxides are quite soluble and basic.
The hydroxides decompose on heating to give the oxide and water:

M (OH), (s) — MO (s) + H,0 (g).

The carbonates also decompose on heating to the oxide and carbon dioxide:

MCO;(s) — MO (s) + CO; (g).

The nitrates decompose to give the oxide:

2M(NO3)2(s) — 2MO (s) +4NO,(g) + O2(9).

As with the alkali metals, the stability of the salts of oxo acids increases down the
group. In general, the salts of the alkaline-earth elements are soluble if the anion
has a single charge (e.g. nitrates, chlorides). Most salts with a doubly charged
anion (e.g. carbonates, sulphates) are insoluble. The solubilities of salts of a
particular acid tend to decrease down the group.

Vocabulary

alkaline-earth metals - strontium - cTpoHIMiA
IEJI0OYHO3EMEIIBHBIC METAJLIbI barium - 6apuii

beryllium - 6epumnnii to refer to - oTHOCHUTBCS, CCBLIATHCS
calcium - xampumii univalent - omHOBaIEHTHBIM

28



size - pasmep radium - paguii

charge - 3apsin amphoteric - ampoTepHbIii

single charge - exnHUYHBIHM 3apsia surface film - moBepxHOCTHas IICHKA
to favour - 6rmaronpusTCTBOBaThH solubility - PacTBOPUMOCTH
lattice  energy - SHEPTHUs

KPUCTAJUIMYECKON PEIIETKH

Exercise 2. Answer the following questions.
1. What elements belong to alkaline-earth metals?
2. What is your understanding of the term “alkaline - earth”?
3. What element does beryllium resemble?
4. When can one observe a fairly regular increase in atomic and ionic radius?
5. What does the overall energy change favour?
Exercise 3. Put questions to the bold-typed words.
Beryllium has anomalous properties.
Beryllium has a high melting point.
The hydroxides decompose on heating to give the oxide.
The oxides of the metals show the increasing ionic character.
Beryllium has higher boiling and melting points than calcium.
The standard electrode potentials show a regular small decrease from
magnesium to barium.
Regular changes take place down the group.
8. Alkaline-earth metals react with water and oxygen.
9. One can observe a decrease in first and second ionization energies down
the group.
10. Compounds contain univalent ions.
11. All alkaline-earth metals have a characteristic electron configuration.
12. There are three electrons in the outer shell.
Exercise 4. Give the equivalents for the following words and make up
sentences with them: univalent, compound, lattice energy, sparingly soluble,
solution, amphoteric, to favour, charge, size, single charge, to refer to, surface
film, solubility, reducing agent, regular.

oakrwnE
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Exercise 5.
a) Match the beginnings of the sentences with the endings.

1. Beryllium has a) down the group.
2. Alkaline —earth metals react with b) anomalous properties.
3. Calcium c) high.
4. Ba hydroxide is d) a very soluble.
5. Alkaline - earth metals’ properties increase e) is useful for children.
6. Solubilities of salts can decompose g) on heating.
7. The boiling point of Be is f) water.
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8. The overall change h) 0.112 nm.
9. The atomic radius of Be is g) favours the formation
of divalent compounds.
b) Grammar and spelling quiz: find and correct the mistakes:
1. Be have anomalous propertyes.
2. The atomic radius (0.112 nm) of Be are more less that those of
magnesium (0.16 nm).
3. To general, the is soluble salts of the alkali-earthy elements if the anion
had an single charge.
4. These elements reats to water.
5. We is studying the compounds contain univalent ions.
6. An standard electrode potentials a regular decrease in magnesium to
barium show.
¢) Chemical quiz: Are these sentences true or false?:
1. Carbon is a non-metal.
2. Nais an alkaline-earth metal.
3. The oxides and hydroxides of the alkaline-earth metals show the
decreasing atomic character in moving down the group.
4. The hydroxides of the alkali metals are weakly alkaline.
d) Finish the sentences:
1. Alkaline - earth metals are ...
2. Beryllium resembles ...
3. Alkaline-earth metals react with ...
4. The third ionization energies are much ...
Exercise 6. Give the explanations for the following words: ion, solution,
property, reducing agent, oxide, amphoteric, alkaline-earth.
Exercise 7. Make the following sentences negative and interrogative.
1. The overall energy change favours the formation of divalent compounds.
2. The stability of the salts of oxo acids increases down the group.
3. Other regular changes take place in moving down the group from
magnesium.
4. The oxides and hydroxides of the metals show the increasing ionic character
In moving down the group.
5. Be density lies between those of calcium and strontium.
6. The elements are sometimes referred to as the alkaline earths.
7. The solubilities of the salts of a particular acid tend to decrease down the
group.
8. Alkaline-earth metals have many uses.
9. The standard electrode potentials show a regular trend.
Exercise 8. Project work:
a) Describe any alkaline-earth metal on the following plan:
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boiling point;
melting point;
atomic number;
relative density;
valence;
Is it a metal or non-metal?;
What group does it belong to?;
colour;
. odour
10.Where is it used ?;
11.What substances does it react with ?;
12. What chemical compounds does it have ?.
b) Choose any two alkali elements and compare them on the following plan
using comparative and superlative degrees:
6. melting point;
7. boiling point;
8. relative density;
9. atomic and ionic radius;
10.relative atomic mass.

Texts for educational purposes

Calcium and its compounds

Basalt is a fine-grained basic igneous rock. It is composed chiefly of calcium-
rich plagioclase feldspar and pyroxene; other minerals present may be olivine,
magnetite, and apatite. Basalt is the commonest type of lava.

Calcium is a soft grey metallic element belonging to group 2 (formerly 11 A) of
the periodic table: a.n. is 20; r.a.m. is 40.08; r.d. is 1.54; m.p. is 839°C; b.p. is
1484°C. Calcium compounds are common in the Earth's crust, e.g. limestone and
marble (CaCOs), gypsum (CaS0,.2H,0) and fluorite (CaF,). The element is extracted
by electrolysis of fused calcium chloride and is used as a getter in vacuum systems
and a deoxidizer in producing nonferrous alloys. It is also used as a reducing agent in
the extraction of such metals as thorium, zirconium, and uranium.

Calcium is an essential element for living organisms, being required for normal
growth and development. In animals it is an important constituent of bones and teeth
and is present in the blood, being required for muscle contraction and other metabolic
processes. In plants it is a constituent (in the form of calcium pectate) of the middle
lamella.

Calcium carbonate is a white solid, CaCOjz, which is only sparingly soluble in
water. Calcium carbonate decomposes on heating to give calcium oxide (quicklime)
and carbon dioxide. It occurs naturally as the minerals calcite ( its shape is
rhombohedral; r.d. is 2.71) and aragonite ( its shape is rhombic; r.d. is 2.93). Rocks
containing calcium carbonate dissolve slowly in acidified rainwater (containing

©CooNoGRwWNE
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dissolved CO,) to cause temporary hardness. In the laboratory calcium carbonate is
precipitated from limewater by carbon dioxide. Calcium carbonate is used in making
lime (calcium oxide) and is the main raw material for the Solvay process.

Calcium chloride is a white deliquescent compound, CaCl,, which is soluble in
water; r.d. is 2.15; m.p. is 782°C; b.p. is >1600°C. There are a number of hydrated
forms, including the monohydrate, CaCl,.H,O, the dihydrate, CaCl,.2H,0O (r.d. is
0.84) and the hexahydrate, CaCl,.6H,O (trigonal; r.d. is 1.71). The hexahydrate
loses 4H,0 at 30°C and the remaining 2H,O at 200°C. Large quantities of it are
formed as a byproduct of the Solvay process and it can be prepared by dissolving
calcium carbonate or calcium oxide in hydrochloric acid. Crystals of the anhydrous
salt can only be obtained if the hydrated salt is heated in a stream of hydrogen
chloride. Solid calcium chloride is used in mines and on roads to reduce dust
problems, whilst the molten salt is the electrolyte in the extraction of calcium. An
aqueous solution of calcium chloride is used in refrigeration plants.

Calcium fluoride is a white crystalline solid, CaF,; r.d. is 3.2; m.p. is 1360°C;
b.p. is 2500°C. It occurs naturally as the mineral fluorite (or fluorspar) and is the
main source of fluorine. The calcium fluoride structure (fluorite structure) is a crystal
structure in which the calcium ions are each surrounded by eight fluoride ions
arranged at the corners of a cube. Each fluoride ion is surrounded by four calcium
ions at the corners of a tetrahedron.

Calcium hydrogencarbonate (calcium bicarbonate) is a compound Ca(HCOs)s,,
that is stable only in solution and is formed when water containing carbon dioxide
dissolves calcium carbonate.

It is the cause of temporary hardness in water because calcium ions react with soap
to give scum. Calcium hydrogencarbonate is unstable when heated and decomposes
to give solid calcium carbonate. This explains why temporary hardness is removed by
boiling and the formation of scale in kettles and boilers.

Calcium hydroxide is a white solid, Ca(OH),, which dissolves sparingly in water;
its shape is hexagonal; r.d. is 2.24. It is manufactured by adding water to calcium
oxide, a process that evolves much heat and is known as slaking. It is used as a cheap
alkali to neutralize the acidity in certain soils and in the manufacture of mortar,
whitewash, bleaching powder and glass.

Calcium oxide is a white solid compound, CaO, formed by heating calcium in
oxygen or by the thermal decomposition of calcium carbonate. Its shape is cubic; r.d.
is 3.35; m.p. is 2580°C; b.p. is 2850° C. On a large scale, calcium carbonate in the
form of limestone is heated in a tall tower (lime kiln) to a temperature above 550°C:

CaCO;(s) = CaO (s) + CO,(g).

Although the reaction is reversible, the carbon dioxide is carried away by the
upward current through the kiln and all the limestone decomposes. Calcium oxide is
used to make calcium hydroxide, as a cheap alkali for treating acid soil and in
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extractive metallurgy to produce a slag with the impurities (especially sand) present
in metal ores.

Calcium phosphate (V) is a white insoluble powder, Caz(PO,),; r.d. is 3.14. It is
found naturally in the mineral apatite, Cas(PO,);(OH, F, Cl) and as rock phosphate. It
Is also the main constituent of animal bones. Calcium phosphate can be prepared by
mixing solutions containing calcium ions and hydrogenphosphate ions in the
presence of an alkali. It is used extensively as a fertilizer. The compound was
formerly called calcium orthophosphate.

Calcium sulphate is a white solid compound, CaSQOy: r.d. is 2.96; 1450°C It
occurs naturally as the mineral anhydrite, which has a rhombic structure,
transforming to a monoclinic form at 200°C. More commonly, it is found as the
dihydrate, gypsum, CaS0,.2H,O (monoclinic; r.d. is 2.32). When heated, gypsum
loses water at 128°C to give the hemihydrate, 2CaSQO,4.H,0, better known as plaster
of Paris. Calcium sulphate is sparingly-soluble in water and is a cause of permanent
hardness of water. It is used in the manufacture of certain paints, ceramics and paper.
The naturally occurring forms are used in the manufacture of sulphuric (V1) acid.

Solution and solvation
Solution is a homogeneous mixture of a liquid (the solvent) with a gas or solid
(the solute). In a solution, the molecules of the solute are discrete and mixed with the
molecules of solvent. There is usually some interaction between the solvent and
solute molecules . Two liquids that can mix on the molecular level are said to be
miscible. In this case, the solvent is the major component and the solute the minor
component.

Hydrolysis is a chemical reaction of a compound with water. For instance, salts of
weak acids or bases hydrolyse in agueous solution, as in

NaCHs;COO + H,0 = Na"+ OH + CH;COOH

The reverse reaction of esterification is another example.

Solvation is the interaction of ions of a solute (the substance dissolved in a
solvent in forming a solution) with the molecules of solvent. For instance, when
sodium chloride is dissolved in water the sodium ions attract polar water molecules,
with the negative oxygen atoms pointing towards the positive Na* ion. Solvation of
transition-metal ions can also occur by formation of coordinate bonds, as in the
hexaquocopper (1) ion (Cu(H,0)¢]**. Solvation is the process that causes ionic
solids to dissolve, because the energy released compensates for the energy necessary
to break down the crystal lattice. It occurs only with polar solvents. Solvation in
which the solvent is water is called hydration. Solvay process (ammonia-soda
process) is an industrial method of making sodium carbonate from calcium
carbonate and sodium chloride. The calcium carbonate is first heated to give calcium
oxide and carbon dioxide, which is bubbled into a solution of sodium chloride in
ammonia. Sodium hydrogencarbonate is precipitated.

33



The sodium hydrogencarbonate is heated to give sodium carbonate and carbon
dioxide. The ammonium chloride is heated with calcium oxide (from the first stage)
to regenerate the ammonia. The process was patented in 1861 by the Belgian chemist
Ernest Solvay (1838-1922).

Lesson 4

Part 1
How to Translate “to follow” and its derivatives
“To follow” has a few meanings - caemoBath 3a, CICAHUTH 33, MCIIOJIB30BATh,
npocnexuBarbesa. “Following” -  cienyromuii 3a, HCHOIB3YIOMMKA (-Cs), IOCITE.
“Followed by” - 3a koropeiMm cienyer, ¢ mociaeaytomum. E.g.: We followed this
method. - M1 ciemoBanu s3Tromy Metoay. Following the experiment the end product
was tested. - [Tocie skcriepMeHTa KOHEYHBIH MPOAYKT ObUT MPOTECTHPOBAH.

Vocabulary

curve - KpuBas

formation - o6pazoBanue

procedure - meToaMKa

interdiffusion - B3aumuas muddysus

X-ray - peHTT€HOBCKUH JTy4

Practice

Translate the following sentences paying attention to the verb “to follow”.

. This usage is not followed in carbohydrate chemistry.

. Then followed the discovery of a new compound.

. The reaction is followed by temperature rise.

. The condensation is followed by a rapid epoxide formation.

. This apparatus was followed by us to determine the concentration of the acid.

. One of the procedures described in Part 1 has been followed here.

. Identical procedures are followed in preparing this solution.

. The opening of the epoxide ring is not followed by the displacement of bromine
by oxygen.

. It is to be noted that according to the classical ideas the reaction under
consideration would be expected to follow the complete path of potential energy
curve.

10. To reach the results we followed this method.

11. Following the measurements we were able to determine the mass of the

substance.

12. This issue is considered in Chapter 9 followed by Chapter 10.

13. Molecular layers of different substances may be deposited above one another,

and their interdiffusion might be followed with the help of X-ray.

14. The reactions were too rapid to be followed by other method.

coO~NO OIS WN -

(o]
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Part 2
Exercise 1. Read and translate the text. Make the summary of the text.
Bismuth

Bismuth is a white crystalline metal with a pinkish tinge belonging to group
15 (formerly VB) of the periodic table; a.n. is 83; r.a.m. is 208.98; relative density
(r.d) is 9.78; m.p.is 271.3°C; b.p. is 1560°C. The most important ores are
bismuthinite (Bi,S3) and bismite (Bi,0O3). Peru, Japan, Mexico, Bolivia and Canada are
major producers. The metal is extracted by carbon reduction of its oxide. Bismuth
Is the most diamagnetic of all metals and its thermal conductivity is lower than
the thermal conductivity of any metal except mercury. The metal has a high
electrical resistance and a high Hall effect when placed in magnetic fields. It is
used to make low-melting-point casting alloys with tin and cadmium. These alloys
expand on solidification to give clear replication of intricate features. It is also used
to make thermally activated safety devices for fire-detection and sprinkler systems.
More recent applications include its use as a catalyst for making acrylic fibres, as a
constituent of malleable iron, as a carrier of uranium-235 fuel in nuclear reactors
and as a specialized thermocouple material. Bismuth compounds (when lead-free)
are used for cosmetics and medical preparations. It is attacked by oxidizing acids,
steam (at high temperatures) and by moist halogens. It burns in air with a blue
flame to produce yellow oxide fumes. C. G. Junine first demonstrated that it was
different from lead in 1753. |

Vocabulary

bismuth - BucmyT electrical resistance - sanekTpudeckoe
pinkish - po3oBaTbrii COIPOTHUBIICHUE

tinge - orTeHoK alloy - crutas

ore - pyaa low-melting-point casting alloys -
relative density (r.d.) - JICTKOIIABKUE CILIABBI
OTHOCHUTEJIbHAS TIOTHOCTh tin - oyloBO

bismuthinite - BucMytun (OMcMyTHHHUT, to expand - yBenuuuBaTh(-cs),
BUCMYTOBBI OJIECK) pactupsTh(-cs)

bismite - Oucmut (BucMyTOBast 0Xpa) solidification - 3aTBepueBanue,

to extract - mosyudars, U3BJIEKATH 3aCTBIBAHHUEC

thermal conductivity - sprinkler system - mpoTuBomOXapHas
TETUTOTPOBOMMOCTb cucTeMa

mercury - pTyThb device - npubop

safety - 6e3omacHOCTh
detection - oOHapykeHuUe
acrylic fibers - akpunoBsie BoJOKHa
malleable iron - koBkuii yyryH
carrier - HocuTesb
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uranium - ypax
fuel - Tommso
nuclear reactor - saepHBI peakTop
thermocouple material - wmarepuan, WCIONB30BAHHBIA JJIT HM3TOTOBIICHHS
TepMOoIapsbl (MaTepuaa TEpMOIIaphbl)
lead-free - He comeprxamuii TeTpadTUICBHHIIA (HEATUIMPOBAHHBIN )
oxidizing acid - kuciaoTa - OKUCIUTEIb, OKACIISIONAsT KHCIIOTa
steam - map
MOISt - BIaKHBIH
halogen - ranoren
to burn - ropets
fume - napIM, map
Exercise 2. Answer the following questions.
1. In what countries are bismuthinite (Bi,S3) and bismite (Bi,O5) produced?
2. What are the main characteristics of bismuth?
3. What are the uses of bismuth?
4. Where does bismuth burn?
5. What scientist demonstrated the difference of bismuth from lead in 17537
Exercise 3. Put questions to the bold-typed words.
1. Bismuth is a white crystalline metal with a pinkish tinge belonging to
group 15 (formerly VB) of the periodic table.
2. Bismuth is extracted by carbon reduction of its oxide.
3. Bismuth compounds (when lead-free) are used for cosmetics and medical
preparations.
4. Bismuth burns in air with a blue flame to produce yellow oxide fumes.
5. Bismuth has a high electrical resistance and a high Hall effect when
placed in magnetic fields.
6. Relative density of bismuth is 9.78.
7. Melting point of bismuth is 271.3°C.
8. Peru, Japan, Mexico, Bolivia, and Canada are major producers of these
minerals.
9. These alloys expand on solidification
10. The alloys expend to give clear replication of intricate features.
11.Bismuth is a diamagnetic metal.
Exercise 4 . Put the following words in the gaps: bismuth, oxidizing acids, to
produce, melting point, to be used for, to demonstrate, bismite, flame, reduction, lead-
free, sprinkler systems, cadmium.
1. Nowadays ... has many applications.
2. Bismuth is usually attacked by... .
3. These ores are mainly ... in Canada, Peru.
4. ... of this metal is very low.
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5. Bismuth ... medical preparations.
6. Yesterday he ... all the advantages of the obtained substance.
7. ... s arare mineral.
8. We used ... to obtain this substance.
9. Only ... compounds can be used in cosmetics production.
10. Our engineers have developed a new type of ... which works more
effectively during fire.
11. ... isused in batteries and nuclear reactors.
12. ... was growing higher and higher.
Exercise 5. Match the beginnings of the sentences with the endings.

1. Bismuth is a) a specialized thermocouple material.
2. Carbon burns in b)make low-melting-point casting alloys.
3. Bismuth is used as c) are extracted in Peru.
4. Sulphur has a d) tin and iron.
5. Itis used to e) high electrical resistance.
6. The minerals of bismuth ) a diamagnetic metal.
7. This alloy contains g) air.
8. C. G. Junine first demonstrated h) very low.
9. Its thermal conductivity is 1) the difference of Bi from Pb.
Exercise 6. Work with synonyms: Match the first column with the second column:
device to employ
to detect to identify
to extract to put
feature apparatus
to place peculiarity
to use to obtain
to give to donate

Exercise 7. Put the following sentences into Passive.
1. We often use bismuth in our experiments.
2. Yesterday we could define the melting point of this element.
3. Recently we have extracted a new element from urine ores.
4. Now we are developing a new type of sprinkler system which will be
much better than the previous one.
Today many owners of petrol stations prefer to use lead —free petrol.
We have just extracted bismuth by carbon reduction.
7. Last year the researchers of our institute invented a new type of fire-
detection system.
8. At first we measured the diameter of the dome.
9. Mexico produces large quantities of bismuth every year.
10. The researchers from Peru were the first who investigated this problem.
11. How did you obtain these results ?

o o
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12. We use bismuth as a catalysts to make acrylic fibres.
Exercise 8.

a)
1.
2.

3
4
5
6.
7
8.
b

Grammar and spelling quiz: find and correct the mistakes.

Bismuth used id make low-melting-point casting aloys.

This aloys from solidificataon gived cler replicataon with intricate features
expands.

. The metal extracts by carbon reduction of her oxide.
. What you knows to alkaline-earth metals ?
. Alakaly metals reacting in water.

What is an difference among lead and bismuth ?

. Junin were the first which discovered ths difference.

We want describing the properties of this element.

) Chemical quiz: Are these sentences true or false ?

1. Bismuth is an acid.

2. Beryllium is an alkali metal.

3. Bismuth compounds (when lead-free) are used for cosmetics and medical
preparations.

4. Bismuth has a high electrical resistance and a high Hall effect when
placed in magnetic field.

5. Bismuth is used to make low-melting-point casting alloys with hydrogen
and oxygen.

6. Graphite is used to make electrical contacts.

7. Diamond is used to produce solid lubricants.

8. Carbon is an essential element for all living organisms.

Compare bismuth with iron and tin on the following scheme, using

comparative and superlative degrees:

e.g. The boiling point of iron is higher than that of bismuth.

1. Melting point;

2. Boiling point;

3. Relative atomic mass;

4. Which of these metals is more ductile?;

5. Which of these elements is widely-used?;

d) Make the following sentences interrogative and negative:

1. These alloys expand on solidification to give clear replication of intricate
features.

2. The metal is extracted by carbon reduction of its oxide.

3. Bismuth compounds (when lead-free) are used for cosmetics and medical
preparations.

4. The metal has a high electrical resistance.
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Texts for educational purposes
Lead and its compounds

Lead is a heavy dull grey soft ductile metallic element belonging to group 14
(formerly 1VB) of the periodic table. The main ore is the sulphide galena (PbS); other
minor sources include anglesite (PbSQO,), cerussite (PbCO3) and litharge (PbO). The
metal is extracted by roasting the ore to give the oxide, followed by the reduction
with carbon. Silver is also recovered from the ores. Lead has a variety of uses
including building construction, lead-plate accumulators, bullets, and shot, and is a
constituent of such alloys as solder, pewter, bearing metals, type metals, and fusible
alloys. Chemically, it forms compounds with the +2 and +4 oxidation states, the
lead(11) state being the more stable.

Lead-acid accumulator is an accumulator in which the electrodes are made of
lead and the electrolyte consists of dilute sulphuric (V1) acid. The electrodes are
usually cast from a lead alloy containing 7-12% of antimony (to give increased
hardness and corrosion resistance) and a small amount of tin (for better casting
properties). The electrodes are coated with a paste of lead (Il) oxide (PbO) and finely
divided lead; after insertion into the electrolyte a forming current is passed through
the cell to convert the PbO on the negative plate into a sponge of finely divided lead.
On the positive plate the PbO is converted to lead (IV) oxide (PbO,). The equation
for the overall reaction during discharge is:

PbO, + 2H,S0, + Pb — 2PbSO, + 2H,0.

The reaction is reversed during charging. Each cell gives an e.m.f. of about 2 volts
and in motor vehicles a 12-volt battery of six cells is usually used. The lead-acid
battery produces 80-120 kJ per kilogram.

Lead (Il) carbonate is a white solid, PbCOs, insoluble in water; rhombic; r.d. is
6.6. It occurs as the mineral cerussite, which is isomorphous with aragonite and may
be prepared in the laboratory by the addition of cold ammonium carbonate solution to
a cold solution of a lead (Il) salt (acetate or nitrate). It decomposes at 315°C to lead
(1) oxide and carbon dioxide.

Lead (ll) carbonate hydroxide (white lead; basic lead carbonate) is a
powder, 2PbCO;.Pb(OH),, insoluble in water, slightly soluble in aqueous carbonate
solutions; r.d. is 6.14. It decomposes at 400°C. Lead (l1) carbonate hydroxide occurs
as the mineral hydroxycerussite (of variable composition). It was previously
manufactured from lead in processes using spent tanning bark or horse manure,
which released carbon dioxide. It is currently made by electrolysis of mixed solutions
(e.g. ammonium nitrate, nitric acid, sulphuric (V1) acid and acetic acid) using lead
anodes. For the highest grade product the lead must be exceptionally pure (known in
the trade as corroding lead) as small amounts of metallic impurity impart grey or pink
discolorations. The material was used widely in paints both for art work and for
commerce, but it has the disadvantage of reacting with hydrogen sulphide in
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industrial atmospheres and production of black lead sulphide. The poisonous nature
of lead compounds has also contributed to the declining importance of this material

Oxidation-reduction reactions (redox)

Originally, oxidation was simply regarded as a chemical reaction with oxygen. The
reverse process - loss of oxygen -was called reduction. Reaction with hydrogen also
came to be regarded as reduction. Later, a more general idea of oxidation and
reduction was developed in which oxidation was loss of electrons and reduction was
gain of electrons. This wider definition covered the original one. For example, in the
reaction:

4Na (s) + O, (g) — 2Na,0 (s).

The sodium atoms lose electrons to give Na* ions and are oxidized. At the same
time, the oxygen atoms gain electrons and are reduced. These definitions of oxidation
and reduction also apply to reactions that do not involve oxygen. For instance in
reaction:

2Na (s) + Cl,(g) — 2NaCl (s).

The sodium is oxidized and the chlorine reduced. Oxidation and reduction also
occurs at the electrodes in cells.

This definition of oxidation and reduction applies only to reactions in which electron
transfer occurs - i.e. to reactions involving ions. It can be extended to reactions
between covalent compounds by using the concept of oxidation number (or state).
This is a measure of the electron control that an atom has in a compound compared to
the atom in the pure element. An oxidation number consists of two parts:

1. its sign, which indicates whether the control has increased (negative) or

decreased (positive);

2. its value which gives the number of electrons over which control has changed.

The change of electron control may be complete (in ionic compounds) or partial (in
covalent compounds). For example, in SO, the sulphur has an oxidation number +4,
having gained partial control over 4 electrons compared to sulphur atoms in pure
sulphur. The oxygen has an oxidation number -2, each oxygen having lost partial
control over 2 electrons compared to oxygen atoms in gaseous oxygen. Oxidation is a
reaction involving an increase in oxidation number and reduction involves a decrease.
Thus in reaction:
2H2 + 02 —> 2H20

The hydrogen in water is +1 and the oxygen -2. The hydrogen is oxidized and the
oxygen is reduced. The oxidation number is used in naming inorganic compounds.
Thus in H,SO,, sulphuric (V1) acid, the sulphur has an oxidation number of +6.
Compounds that tend to undergo reduction readily are oxidizing agents; those that
undergo oxidation are reducing agents.
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Oxygen and ozone

Oxygen is a colourless odourless gaseous element belonging to group 16
(formerly VI B) of the periodic table; a.n. is 8; r.a.m.is 15.9994; d. is 1.429 gdm *;
m.p. is -218.4°C; b.p. is -183°C. It is the most abundant element in the Earth's crust
(49.2% by weight) and is present in the atmosphere (28% by volume). Atmospheric
oxygen is of vital importance for all organisms that carry out aerobic respiration. For
industrial purposes it is obtained by fractional distillation of liquid air. It is used in
metallurgical processes, in high-temperature flames (e.g. for welding) and in
breathing apparatus. The common form is diatomic (dioxygen, O,). There is also a
reactive allotrope ozone (O3). Chemically, oxygen reacts with most other elements
forming oxides. The element was discovered by Joseph Priestley in 1774. Ozone
(trioxygen) is a colourless gas, Os, soluble in cold water and in alkalis; m.p. is -
192.7°C; b.p. —is 1119°C. Liquid ozone is dark blue in colour and is diamagnetic
(dioxygen, O,, is paramagnetic). The gas is made by passing oxygen through a silent
electric discharge and is usually used in mixtures with oxygen. It is produced in the
stratosphere by the action of high-energy ultraviolet radiation on oxygen and its
presence there acts as a screen for ultraviolet radiation. Ozone is also one of the
greenhouse gases. It is a powerful oxidizing agent and is used to form ozonides by
reaction with alkenes and subsequently by hydrolysis to carbonyl compounds. Ozone
layer (ozonosphere) is a layer of the Earth's atmosphere in which most of the
atmosphere's ozone is concentrated. It occurs 15-50 km above the Earth's surface and
is virtually synonymous with the stratosphere. In this layer most of the sun's
ultraviolet radiation is absorbed by the ozone molecules, causing a rise in the
temperature of the stratosphere and preventing vertical mixing so that the stratosphere
forms a stable layer. By absorbing most of the solar ultraviolet radiation the ozone
layer protects living organisms on the Earth. The fact that the ozone layer is thinnest
at the equator is believed to account for the high equatorial incidence of skin cancer
as a result of exposure to unabsorbed solar ultraviolet radiation. In the 1980s it was
found that depletion of the ozone layer was occurring over both the poles, creating
ozone holes. This is thought to have been caused by a series of complex
photochemical reactions involving nitrogen oxides produced from aircraft and, more
seriously, chlorofluorocarbons (CFCs) and halons. CFCs rise to the stratosphere,
where they react with ultraviolet light to release chlorine atoms; these atoms, which
are highly reactive, catalyze the destruction of ozone. Use of CFCs is how much
reduced in an effort to reverse this human-induced damage to the ozone layer.
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Lesson 5

Part 1
Participle I

Participle | has two forms: present and perfect. Present participle in the active
voice is formed by adding ending -ing to the verb and translated by Russian
participle of the active voice:
to buy - buying - mokymath - MOKYyTIarOIIHHA.

Present participle has also a passive form which is formed in the following way:

being + V3 (V) and is translated by Russian participle of the passive voice:

being bought - moxkymaembIii WK TOT, KOTOPBIH MOKYIAIOT.
Perfect Participle has also both passive and active forms:

an active form: having bought - kymnus;

a passive form: having been bought - Oymyuun KynaeHHBIH.

In the sentence it can play a few roles:

1. it can play the role of an attribute and be placed before or after a subject. In this
case it is translated by a participle in an active voice or a subordinate clause.

E.g.: A number of animals living on the Earth eat plants. - Psx >XuBOTHBIX,

KUBYIIUX (MM KOTOPBIE )KUBYT) Ha 3eMJIC, TUTAIOTCS PACTCHUSIMHU.

2. It can play the role of an adverb and be placed at the beginning of a sentence or at
the end of a sentence. In this case it is translated by the Russian verbal participle.
E.g.: Taking into account this news we decided to change our plans. - Ipuaumast
BO BHUMAHHUEC 3TY HOBOCTb MbI PCHINJIN HW3MCHHTDH HAIH ITJIAHBI.

3. It can play the role of a parenthetical word:

allowing for - nmpuHuMasi Bo BHUMaHHE;

assuming that - momnaras, 4uTo;

judging by - cynus;

putting it mildly - msrko roBops;

roughly speaking - rpy6o roBops.

4. 1t can also play the role of a subject and is translated by a verbal noun, e.g.:
Substituting carbon for this substance will reduce environmental pollution -
3amMeHa yriiepoJa Ha 3TO BEIIECTBO MO3BOJUT CHU3UTh YPOBEHb 3arps3HEHUS
OKPYXaKOIIEH CPEIbI.

Vocabulary

admixture - mpumech ketal - keran

limited scope - orpanmuenHas cdepa partake - ydacTBOBaThH
IPUMCHCHUS convention - ycioBwue
hydrochloric acid - consnas kuciora abstraction - ornencuue
residue - octaTok, ocaaok nitrosation - HUTpoBaHue

powder- moporiok
affinity - cpoxctso
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Practice
a) Translate the following sentences paying attention to Participle I.

. This reaction involves the following temperature changes.

. We have analyzed the following compounds.

. The remaining admixtures were separated from the end product.

. Judging by the results, the pressure has fallen.

. These moving parts are electrically powered.

. Considering the limited scope of the method it has been used by two researchers.

. The yield was 12% of the dried wood, varying with the amount of hydrochloric

acid.

. This concerns the following problem.

. Judging by the recent works one can say that some amount of ketal is present in

diethyl.

10. The dialyzed solution was evaporated to dryness and the residue was dried at

50 ° C, giving nondeliquescent brown powder.

11. One should bear in mind that this information can be misleading.

12. Having determined all parameters we started our experiment.

13. The research being carried out by our Institute in this field is of a great
Importance.

14. We have obtained these values in the terms of the following formula.

15. Z is favoured by the following data.

16. What is the number of the scientists partaking in the conference ?

17. Having filtered the solution we defined its colour.

18. Having regarded to the summation convention we identified four different
products.

19. If the attacking radical had a greater affinity for hydrogen, then the hydrogen-

abstraction process would be favoured.

20. Having considered his article we decided to renew our research.

21. The process leading to nitrosation may consist o f a few steps.

22. Last year our researchers obtained remarkable results.

b) Put the following verbs in Participle I: to follow, to plan, to buy, to give, to
get, to receive, to write, to do, to make, to recognize, to invent, to see, to
reproduce, to measure.

c) Answer the following:

1. How is Perfect Participle formed ?
2. How is Participle | translated ?

~NOoO oIk WN -

O 0o
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Part 2
Exercise 1. Read and translate the text. Make the summary of the text.
Cobalt

Cobalt is a light-grey transition element; a.n. is 27; r.a.m. is 58.933; r.d. is 8.9;
m.p. is 1495°C; b.p.is 2870°C. Cobalt is a ferromagnetic metal. Its Curie point is
below 1150°C. Small amounts of metallic cobalt are present in meteorites but it is
usually extracted from the ore deposits worked in Canada, Morocco and Zaire. It is
present in the minerals: cobaltite, smaltite, but also associated with copper and nickel
as sulphides and arsenides. Cobalt ores are usually roasted to the oxide and then
reduced with carbon or water gas. Cobalt is usually alloyed for use. Alnico is a well-
known magnetic alloy and cobalt is also used to make stainless steels and in high-
strength alloys that are resistant to oxidation at high temperatures (for turbine blades
and cutting tools).The metal is oxidized by hot air and also reacts with carbon,
phosphorus, sulphur and dilute mineral acids. Cobalt salts, usual oxidation states (
+2) and (+ 3), are used to give a brilliant blue colour in glass, tiles and pottery.

Anhydrous cobalt (1) chloride paper is used as a qualitative test for water and as a
heat-sensitive ink. Small amounts of cobalt salts are essential in a balanced diet for
mammals. Artificially produced cobalt-60 is an important radioactive tracer and
cancer-treatment agent. The element was discovered by Georg Brandt (1694-1768) in
1737. Cobalt (I1) oxide is a pink solid, CoO; its shape is cubic; r.d.is 6.45; m.p. is
1935°C. The addition of potassium hydroxide to the solution of cobalt (I1) nitrate
gives a bluish-violet precipitate, which on boiling is converted to pink impure
cobalt(ll) hydroxide. On heating this in the absence of air, cobalt (11) oxide is formed.
The compound is readily oxidized in air to form tricobalt tetroxide and is readily
reduced by hydrogen to the metal.

Cobalt (I11) is a black grey insoluble solid; its shape is hexagonal or rhombic, r.
d. is 5.18; it decomposes at 895°C. It is produced by the ignition of cobalt nitrate;
however, the product doesn’t have the composition corresponding to cobalt (I11)
oxide. On heating it readily forms Co;0,4 which contains both Co (1) and Co (lI11) and
is easily reduced to the metal by hydrogen. Cobalt (I11) oxide dissolves in strong acid
to give unstable brown solutions of trivalent cobalt salts. Cobalt steel is any of a
group of alloy steels containing 5-12% of cobalt, 14-20% of tungsten, usually with
4% of chromium and 1-2% of vanadium. They are very hard but somewhat brittle.
Their main use is in high-speed tools.

Vocabulary

cobalt - ko6aneT cobaltite - xobGampTHH, KOOAILTOBEII
tricobalt  tetroxide -  Terpokcun Oneck

TPUKOOATbTA smaltite - cManbTHH

ferromagnetic - peppomaruuTHbII sulphide - cynbdun

Curie point - remnepatypa Kropu arsenide - apcenus

deposit - mecTopoxkaeHme to roast - mpokanmBarh, 00XKHraTh
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to reduce - BoccTaHaBIMBATH

to alloy - crutaBnsiTh, TETHPOBATH
alnico - aapHHKO

anhydrous cobalt (I1) chloride paper -
UHAWKATOpHAs Oymara, MpOIHMTaHHAas
0e3BoaHBIM XJ10puaoM kobanbta (I1)
heat-sensitive ink -
TEPMOYYBCTBHUTEIbHBIC YCPHUIIA
stainless steel - mepskaBeromas cTab
strength - mpo4yHOCTH

resistant - ycToiuuBbIii

oxidation - okucieHue

oxidation state - crereHb OKHCICHHUS

to oxidize - okHuCIATH

phosphorus - docdop

dilute mineral acids - pas0aBicHHBIC
MUHEPAIbHbBIE KHCIOTHI

tiles - wepernumna, kademnn

pottery -
U3JICITUS
turbine blade - momarka TypOuHBI
cutting tool - pexxymuit HHCTpyMEHT
amount - KOJIMYECTBO
precipitate - ocagox

to convert -
peoOpa3oBHIBATH
mammal - mirekonuTaroIiee
radioactive tracer - paaMOaKTHBHBIHI

KCpaMHKd, TOHYAPHEBIC

MpeBpaIlaTh,

UHIUKATOP
cancer-treatment agent - arcHT
(mpenapar), HCMIOIb3yEMBbIii pu

JICUCHHUHU pPaKa
composition - coctas

to dissolve - pacTBopsTH
tungsten - Bosbppam
chromium - xpom

brittle - xpymkuii

Ignition - BocrutaMeHeHue, CKUTaHKUE, 3a)KUTaHNE, TIPOKaJIbIBAHNE
high-speed tools - BEICOKOCKOPOCTHBIEC IPUOOPHI

high-strength alloy - BeicokoIpOUYHBIit cITaB

Exercise 2. Answer the following questions.
1. Where is cobalt present?
2. What uses of cobalt do you know?
3. What compounds does cobalt have? Give their main characteristics.
4. What elements does cobalt steel contain?
5. What is Cobalt (I11)?
Exercise 3. Put questions to the bold-typed words.

1.

2.

©CoNo Ok

Artificially produced cobalt-60 is an important radioactive tracer and
cancer-treatment agent.

Small amounts of metallic cobalt are present in meteorites but it is
usually extracted from the ore deposits.

Cobalt is oxidized by hot air and also reacts with carbon.

Cobalt (I1) oxide forms tricobalt tetrooxide .

Cobalt (I11) is produced by the ignition of cobalt nitrate.

On heating cobalt (111) readily forms C030,.

Cobalt ores are usually roasted to the oxide and then reduced with carbon.
Cobalt (I11) is a black grey insoluble solid.

The element was discovered by Georg Brandt.
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10. Cobalt (1) oxide shape is cubic.

11. Alnico is a well-known magnetic alloy.

12. Cobalt steel contains 14-20% of tungsten.
Exercise 4. Give the equivalents for the following words and make up sentences
with them: amount, phosphorous, to reduce, reduction, to oxidize, oxidation,
oxidation state, high-speed tools, cutting tools, pottery, cancer-treatment agent,
potassium, turbine blade, tiles, mammals, to convert, brittle, strength, dilute,
compound, radioactive tracer, stainless steel, smaltite, cobaltite, copper, to dissolve,
tungsten.
Exercise 5. Match the beginnings of the sentences with the endings.

1. Cobalt (Il) oxide is a a) make stainless steel.

2. Iron isalso used to b) in high —speed tools.

3. Alnicoisa c) pink solid.

4. This metal is produced d) a well-known magnetic alloy.
5. Stainless steel is used e) by the ignition of cobalt nitrate.
6. Tungsten often f) brittle.

7. Cobalt steel is very g) occurs naturally.

8. The metal h) contains 12%of cobalt.

9. Cobalt steel 1) is oxidized by hot air.

10. This precipitate K) has a violet colour.

Exercise 6. Put the following words in the gaps: stainless steel, alnico,
ferromagnetic, transition, brittle, to dissolve, oxidation state, glass, pottery, to
contain, violet, hot air, tungsten, cutting tool, alloy.
... Isamagnetic alloy.
This compound doesn’t ... in water.
All little children should drink a lot of milk, because their bones are ... .
He will remain the head of the government during ... period.
All electrotechnical devices are made of ... .
Cobalt is ... metal.
... of this substance is very low.
Windows are made of ... .
. Pots and dishes are made of clay are called ... .
10. Cobalt steel ... 2% of vanadium.
11. This substance is oxidized in ... .
12. ... isused in making filaments for light bulbs.
13. ... are made of high — strength alloys.
14. Bismuth is employed to make low-melting-point casting ... .
15. Yesterday I bought the hat which was of a ... colour.
Exercise 7. Put the words into the right order.
1. Is/ paper/test/for /used/anhydrous / qualitative / cobalt (I1) / chloride / as
/ al water.

CoNoaRrwDE
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S.
6
7.
8.

9.
10.

11.
12.
13.
14,
15.
16.
17.

Is / solid / a / grey / cobalt (111) / black / insoluble.

To make / steels / cobalt / is / and / that / resistant to / at / stainless / used / in
/ oxidation / high - strength / alloys / high temperatures / alloys / are.

Bluish / precipitate / the / potassium / to / hydroxide / cobalt (II) nitrate /
gives / addition / a/ violet / solution /of / of / the.
Brittle / somewhat / are /very /they / hard / but.

. Tungsten / contains / cobalt steel /vanadium /and.

Is / artificially / cobalt -60 / used / cancer - treatment agent / produced/as/
a.
Alnico /is / what ?
Are [usually /cobalt ores / roasted /the /to / oxide.

Dissolves / strong / solutions / cobalt (111) oxide / acid / to / unstable / give /
brown/ usually / in.

The /cobalt / of / what / properties / physical /are ?

This / gives / the / solution / the / of / a / colour / precipitate /violet / addition.
Can / identify /the /substance / I / of / composition / how / the?
Differ / terbium / does / oxygen / from ?

This / of /steel /very/is/ brittle / type.

Is / cobalt/ in/ present / minerals.

Cobalt /associated / copper / with / as /is/ arsenides.

Exercise 8.

a)

b)

Compare melting point, boiling point, relative density and relative atomic mass
of bismuth and cobalt using comparative and superlative degrees. Then
compare these both metals with the following elements using the scheme
given in Lesson 4.:

potassium;

beryllium;

lithium;

magnesium;

iron;

cadmium.
hemlcal quiz: Are these sentences true or false:

Diamond is very soft.

Carbon has one amorphous form.

Cobalt steel contains iron, chromium, vanadium, sulpher, hydrogen and

cobalt.

Graphite is very hard.

Cobalt was discovered by Mendeleev.

Carbon is a ferromagnetic metal, but cobalt is a diamagnetic.

Bismuth and lead are similar.

whdhErOQOA~RWONDE
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8. Beryllium, the first member of the group, has anomalous properties
because of the small size of molecule.
¢) Grammar and lexical quiz: Find and correct the mistakes:
The metal oxideze by hot air.
Contains cobalt steel vanadium 12%.
They is very hardly.
Addition of potassium hydroxide in solution of nitrate cobalt (I1) give
bluishe-violete precipitate.
This element have anomalous properties.
What does the first membe of these group?
Small amount of metall cobalt is present among meteorites.
Lithum reat in water much slowly that other metals.
Graphite is very hard substance;
d) D|V|de the following sentences into two sentences:
1. The compound is readily oxidized in air to form tricobalt tetroxide and is
readily reduced by hydrogen to the metal.
2. On heating it readily forms Cos0O,4 which contains both Co (I1) and Co (I11),
and is easily reduced to the metal by hydrogen.
3. The metal is oxidized by hot air and also reacts with carbon, phosphorus,
sulphur and dilute mineral acids.

W e
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Texts for educational purposes
Iron and its compounds

Iron is a silvery malleable and ductile metallic transition element. Its atomic
number is 26. It has r.a.m. being equal to 55.847. Its relative density is 7.87. Its
melting point is 1535°C and boiling point is 2750°C. The main sources are the ores
haematite (Fe,O3), magnetite (Fez0,), limonite (FeO (OH),H,0), ilmenite (FeTiOs),
siderite (FeCO3) and pyrite (FeS,). The metal is smelted in a blast furnace to give
impure pig iron, which is further processed to give cast iron, wrought iron and
various types of steel. The pure element has three crystal forms: alpha-iron, stable
below 906°C with a body-centered-cubic structure; gamma-iron, stable between
906°C and 1403°C with a nonmagnetic face-centered-cubic structure; and delta-iron,
which is the body-centered-cubic form above 1403°C. Alpha-iron is ferromagnetic up
to its Curie point (768°C). The element has nine isotopes (mass numbers 52-60) and
is the fourth most abundant in the Earth's crust. It is required as a trace element by
living organisms. lron is quite reactive, being oxidized by moist air, displacing
hydrogen from dilute acids, and combining with nonmetallic elements. It forms ionic
salts and numerous complexes with the metal in the +2 or +3 oxidation states. Iron
(VI) also exists in the ferrate ion FeO,” and the element also forms complexes in
which its oxidation number is zero (e.g. Fe (CO)s).
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Iron (I1) chloride is a green-yellow deliquescent compound, FeCl,. Its shape is
hexagonal. Its relative density is 3.16. It has melting point being equal to 670°C. It
also exists in hydrated forms: FeCl,.2H,0O (green monoclinic; relative density is
2.36) and FeCl,.4H,0 (blue-green monoclinic deliquescent; relative density is 1.93).
Anhydrous iron (Il) chloride can be made by passing a stream of dry hydrogen
chloride over the heated metal. The hydrated forms can be made using dilute
hydrochloric acid or by recrystallizing with water. It is converted into iron (l11)
chloride by the action of chlorine.

Iron (111) chloride is a black-brown solid, FeCls. Its shape is hexagonal. Its
relative density is equal to 2.9 and melting point is equal to 306°C. It decomposes at
315°C. It also exists as the hexahydrate FeClz.6H,0, a brown-yellow deliquescent
crystalline substance (melting point is 37°C; boiling point is 280-285°C). Iron (I11)
chloride is prepared by passing dry chlorine over iron wire or steel wool. The reaction
proceeds with incandescence when started and iron (I11) chloride sublimes as almost
black iridescent scales. The compound is rapidly hydrolysed in moist air. In solution
it is partly hydrolysed. Hydrolysis can be suppressed by the addition of hydrochloric
acid. The compound dissolves in many organic solvents, forming solutions of low
electrical conductivity. In ethanol, ethoxyethane and pyridine the molecular weight
corresponds to FeCls but is higher in other solvents corresponding to Fe,Clg. The
vapour is also dimerized. In many ways the compound resembles aluminium
chloride, which it may replace in Friedel-Crafts reactions.

Iron (I1) oxide is a black solid, FeO. Its shape is cubic. It has relative density
being equal to 5.7. its melting point is 1420°C. It can be obtained by heating iron (I1)
oxalate. The carbon monoxide formed produces a reducing atmosphere thus
preventing oxidation to iron (I11) oxide. The compound has the sodium chloride
structure, indicating its ionic nature, but the crystal lattice is deficient in iron (11) ions
and it is nonstoichiometric. Iron (1) oxide dissolves readily in dilute acids.

Iron (111) oxide is a red-brown to black insoluble solid, Fe,Os. Its shape is trigonal.
Its relative density is equal to 5.24 and melting pointis 1565°C. There is also a
hydrated form, Fe,Os.xH,O, which is a red-brown powder. Its relative density is
2.44-3.60. Iron (I11) oxide occurs naturally as haematite and can be prepared by
heating iron (111) hydroxide or iron (I1) sulphate. It is readily reduced on heating in a
stream of carbon monoxide or hydrogen.

Iron (11) sulphate is an off-white solid, FeSO,4.H,0. Its shape is monoclinic. Its
relative density is 2.970. There is also a heptahydrate, FeSO,.7H,0. It is blue-green
monoclinic with relative density of 1.898 and melting point of 64°C. The
heptahydrate is the best known iron (11) salt and is sometimes called green vitriol or
copperas. It is obtained by the action of dilute sulphuric acid on iron in a reducing
atmosphere. The anhydrous compound is very hygroscopic. It decomposes at red heat
to give iron (I11) oxide, sulphur trioxide and sulphur dioxide. A solution of iron (1)
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sulphate is gradually oxidized on exposure to air, a basic iron (I11) sulphate being
deposited.

Iron (111) sulphate is a yellow hygroscopic compound, Fe,(SO,)s. Its shape is
rhombic. Its relative density is 3.097. It decomposes above 480°C. It is obtained by
heating an aqueous acidified solution of iron (I1) sulphate with hydrogen peroxide:
2FeSO, + H,SO, + H,0, —» Fez(SO4)3 + 2H,0.

On crystallizing, the hydrate Fe,(SO4)3.9H,0 is formed. The acid sulphate
Fe,(S04)3.H,S0,4.8H,0 is deposited from solutions containing a sufficient excess of
sulphuric acid.

Nickel and its compounds

Nickel is a malleable ductile silvery metallic transition element. Its atomic
number is 28. Its relative atomic mass is 58.70. Its relative density is 8.9. its
melting point is 1450°C. its boiling point is 2732°C. It is found in the minerals
pentlandite (NiS), pyrrhoite ((Fe, Ni)S), and garnierite ((Ni,Mg)s(OH)eSi404:.H,0).
Nickel is also present in certain iron meteorites (up to 20%). The metal is extracted
by roasting the ore to give the oxide, followed by reduction with carbon monoxide
and purification by the Mond process. Alternatively electolysis is used. Nickel metal
Is used in special steels, in Invar, and, being ferromagnetic, in magnetic alloys, such
as Mumetal. It is also an effective catalyst, particularly for hydrogenation reactions.
The main compounds are formed with nickel in the +2 oxidation state; the +3 state
also exists (e.g. the black oxide, Ni,O3). Nickel was discovered by Axel Cronstedt
(1722-65) in 1751.

Nickel carbonyl is a colourless volatile liquid, Ni(CO),. Its melting point is 25°C
and boiling point is 43°C. It is formed by direct combination of nickel metal with
carbon monoxide at 50-60°C. The reaction is reversed at higher temperatures and the
reactions are the basis of the Mond process for purifying nickel. The nickel in the
compound has an oxidation state of zero and the compound is a typical example of a
complex with pi-bonding ligands, in which filled d-orbitals on the nickel overlap with
empty p-orbitals on the carbon.

Nickelic compounds are the compounds of nickel in its +3 oxidation state; e.g.
nickelic oxide is nickel (I11) oxide.

Nickelous compounds are the compounds of nickel in its +2 oxidation state; e.g.
nickelous oxide is nickel (II) oxide .

Nickel (I1) oxide is a green powder with a relative density of 6.6. It can be made
by heating nickel (I1) nitrate or carbonate with air excluded.

Nickel(I11) oxide is a black or grey powder with relative density of 4.8. It is made
by heating nickel (11) oxide in air and used in nickel-iron accumulators.
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Transition elements

Transition elements are the set of elements in the periodic table in which filling of
electrons in an inner d- or f-level occurs. With increasing proton number, electrons
fill atomic levels up to argon, which has the electron configuration 1s*2s?2p®3s®3p°. In
this shell, there are 5 d-orbitals, which can each contain 2 electrons. However, at this
point the subshell of lowest energy is not the 3d but the 4s. The next two elements,
potassium and calcium, have the configurations [Ar] 4s* and [Ar]4s® respectively. For
the next element, scandium, the 3d level is of lower energy than the 4p level, and
scandium has the configuration [Ar]3d* 4s® This filling of the inner d-level continues
up to zinc [Ar]3d'%4s?, giving the first transition series. There is a further series of
this type in the next period of the table: between yttrium ([Kr]4d 5s%) and cadmium
([Kr]4d*5s?). This is the second transition series. In the next period of the table the
situation is rather more complicated. Lanthanum has the configuration [Xe]5d" 6s°.
The level of lowest energy then becomes the 4 f level and the next element, cerium,
has the configuration [Xe]4f'5d’ 6s®. There are 7 of these f- orbitals, each of which
can contain 2 electrons, and filling of the f -levels continues up to lutetium
([Xe]4f'5d'6s?). Then the filling of the 5d levels continues from hafnium to
mercury. The series of 14 elements from cerium to lutetium is a series within a series
called an inner transition series. This one is the lanthanoid series. In the next period
there is a similar inner transition series, the actinoid series, from thorium to
lawrencium. Then filling of the d-level continues from element 104 onwards.

In fact, the classification of chemical elements is valuable only in so far as it
illustrates chemical behaviour and it is conventional to use the term transition
elements in a more restricted sense. The elements in the inner transition series from
cerium (58) to lutetium (71) are called the lanthanoids; those in the series from
thorium (90) to lawrencium (103) are the actinoids. These two series together make
up the f-block in the periodic table. It is also common to include scandium, yttrium
and lanthanum with the lanthanoids (because of chemical similarity) and to include
actinium with the actinoids. Of the remaining transition elements, it is usual to speak
of three main transition series: from titanium to copper; from zirconium to silver; and
from hafnium to gold. All these elements have similar chemical properties that result
from the presence of unfilled d-orbitals in the element or (in the case of copper, silver
and gold) in the ions. The elements from 104 to 109 and the undiscovered elements
110 and 111 make up a fourth transition series. The elements zinc, cadmium and
mercury have filled d-orbitals both in the elements and in compounds, and are usually
regarded as nontransition elements forming group 12 of the periodic table. The
elements of the three main transition series are all typical metals (u the nonchemical
sense), i.e. most are strong hard materials that are good conductors of heat and
electricity and have high melting and boiling points. Chemically, their behaviour
depends on the existence of unfilled d-orbitals. They exhibit variable valency, have
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coloured compounds, and form coordination compounds. Many of their compounds
are paramagnetic as a result of the presence of unpaired electrons. Many of them are
good catalysts. They are less reactive than the s- and p-block metals.

Texts from scientific articles

Journal Inorganic Nuclear Chemistry
Solvolytic disproportionation of non-stoichiometric
oxides of praseodymium
Abstract

The solvolytic disproportionation of non-stoichiometric PrO, in acid solutions to
produce higher oxides has been investigated. Some new non-stoichiometric phases
have been reported. A number of interesting features of the non-stoichiometric rare
earth oxides have been discussed and the need for a satisfactory structural model has
been pointed out.

Experimental

Rates of dissolution of PrgO;; in 8 N acetic acid solution were found to follow
the first-order rate law with an energy of activation of 4 to 5 kcal. This value of the
energy of activation could be reproduced although the values of the rate constants
varied from sample to sample. For one sample, the rate constants were 1-20 x 10 and
1-58 x 10° min'at 29 and 40°C respectively, while for another sample the values were
2.9 x 10 and 3-5 x 10 min™ at 40° and 50°C respectively. The low value of the
energy of activation is significant and together with the first-order dependence of
the reaction, it indicates that the process is akin to a simple dissolution. An attempt to
study the rate of dissolution of a 1:4 mixture of Pr,O3; and PrO, (corresponds to
PrsO11) was unsuccessful since the dissolution of Pr,O; was complete in about 5 min
at 20°C. Further, X-ray patterns of Pr,O3 and PrO, mixed in the proper proportions to
form PrOy;; and PrOyg33 showed only lines belonging to Pr,O; and PrO,.

In order to examine the nature of the intermediate products, samples of residues
from solvolysis at 40°C were separated after intervals of 15 min and 1 hr and their
powder patterns were taken. The pattern of the 1 hr sample turned out to be that of
PrO, (a= 5- 400 = 0- 005A) with several additional lines which belonged neither to a
fluoride type lattice nor to Pr(OH)s. The pattern of the specimen after 15 and 25 min
showed larger d-spacing and the fluoride lines could be accounted for by cells with
lattice constants of 5-460+0-005 and 5-435+0-003A respectively. While even these
patterns did not show any PrgO; lines, they showed the same additional lines as the
1-hr specimen. The absence of Pr¢O; lines after only 15 min of solvolysis is
surprising. A fluoride cell with a=5-435A which is between the size of the PrgOs;
and PrO, cells could mean a solid solution. Using a smooth curve obtained by
plotting the unit cell lengths of all the cubic and rhombohedral phases of
praseodymium oxides from the literature vs. the composition( pseudo cell dimensions
were used where necessary), it was found that a= 5-435A corresponds to a
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composition of PrO,4, . A similar composition with about the same lattice constant
was also obtained by solvolysis of Pr¢O,; with 16 N acetic acid. A miscibility gap is
known to exist between PrsO;; and PrO, and how such a uniphasic composition in
this region could result is not clear; but it is possible that in the medium of a solution
of praseodymium ions, such solid solutions could form. This would also explain the
absence of PrgO4; lines and is a strong argument in favour of solid solution formation.

Lesson 6

Part 1
Participle 11l
Participle Il is formed by adding the ending -ed to the verb if it is a regular verb,

In the case with irregular verbs we use the third form of the irregular verb.

Participle Il is translated by the Russian participle of passive voice with
endings: -¢H, -eM, -aT, AT:

to play - played - urpaemslii, chIrpaHHBI.

It can also play a few roles in a sentence:

1. it can play the role of an attribute and be placed before or after a subject,
sometimes there is a conjunction “as” before it and it can be translated by a
subordinate clause with the word “B Tom Buae kak”, e.g.: The idea as stated by the
scientists is not of any interest - DTa MbIcib, B TOM BHJE KaK OHa H3JI0KEHA
YUYCHBIMH, HC IPCACTABJISICT HUKAKOI'O MHTCPCCA.

If Participle Il stands before a subject it is translated by an attribute and put
before a subject, e.g.: The instrument used is very reliable - Vcnonb3oBaHHBIMH
npubop ouens HanexxkeH. I Participle 11 is formed from the verb with a
preposition, it will be translated by a subordinate clause with the word
“kotopsiii” and the preposition will be put at the beginning of a subordinate
sentence, e.g.. Some theoretical considerations touched upon in the last chapter
will be considered in the next work. - Hekotopsie TeopeTndeckre cooOpaxeHus,
O KOTOPBIX BCKOJIb3b YIIOMHHAJIOCH B HOCJ'ICI[HGI‘/II TJIaBEC, 6y,[[yT OCBCILICHBI B
cienyroieit padore.

2. Participle Il can play the role of an adverb and be placed at the beginning or at the
end of a sentence. In this case it is translated by a subordinate clause with the
conjunctions: “rak kak”, “xorma”, “ecmu”. E.g.: Written in pencil the article was
difficult to read. - Tak kak cTaTbs ObUTa HaMKCaHA KapaHAAIIOM, €€ TPYAHO ObLIO
guratek. United we stand, divided we fall - Eciin MBI BMecTe, MBI BEICTOUM, €CITH
MEBI BpPO3b, MbI ITaZICM.

Vocabulary

bromepoxide - 6pomdniokcH firmness - mpo4HOCTH
velocity - ckopocTb plate - mnactuna

as far as our knowledge goes - equation - ypaBHeHHE
HAaCKOJIBKO HaM U3BCECTHO to Vary - U3MCHIATBHCA
throw light - mponuBath cBeT to calculate - paccuuTsiBaTh
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Practice

a) Translate the following sentences paying attention to Participle II.

1. The values obtained have a little relevance to this problem.

2. Increased inductive power affects the electron bonds.

3. It was shown that the velocity constant was unaffected by an increase in
Viscosity.

4. Confirmation of double bond types must be sought in the other part of
spectrum.

5. The number of plates needed for chromatography is much higher than that
required for distillation.

6. This suggests that these compounds obtained from the isomeric
bromepoxides are not identical.

7. As far as our knowledge goes, the course of polymerization is almost the
same as that observed with the pure monomer phase.

8. The data provided vary with the purpose of each particular investigation.

9. According to the viewpoint adopted the form of the equations 1 and 2 is an
oversimplification.

10. This section concerned with the behaviour of optical isomers on melting
should be studied closely.

11. We learnt that the results reported by these scientists were wrong.

12. We can also write that the heat energy absorbed in such a process to be as
follows.

13. The results obtained are analogous to those reported by the previous
researchers.

14. The difference between the values calculated was close to 2%.

15. The ore found in uranium is rarely-met naturally.

16. The products obtained are very pure.

17. The equipment delivered to us last week is of a good quality.

18. Both ketones distilled in vacuum weren’t obtained in this state.

19. The idea proposed by them will throw light on the firmness of the binding
of groups.

Part 2
Exercise 1. Read and translate the text. Make the summary.
Aluminium

Aluminum is a silvery-white lustrous metallic element belonging to the group 3

(formerly 11IB) of the periodic table; a.n.is 13; r.a.m. is 26.98; r.d. is 2.7; m.p. is

660°C; b.p. is 2467°C. The metal itself is highly reactive but is protected by a thin

transparent layer of the oxide, which is formed quickly in air. Aluminium and its

oxide are amphoteric. The metal is extracted from purified bauxite (A1,03) by

electrolysis. The main process uses a Hall-Heroult cell but other electrolytic
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methods are under development, including conversion of bauxite with chlorine
and electrolysis of the molten chloride. Pure aluminium is soft and ductile but its
strength can be increased by work-hardening. A large number of alloys are
manufactured. Alloying elements include copper, manganese, silicon, zinc and
magnesium. Its lightness, strength (when alloyed), corrosion resistance and
electrical conductivity make it suitable for a variety of uses, including vehicle and
aircraft construction, building (window and door frames) and overhead power
cables. Although it is the third most abundant element in the Earth's crust (8.1% by
weight) it was not isolated until 1825 by H. C. Oersted.

Aluminium chloride is a whitish solid, A1C13, which fumes in moist air and
reacts violently with water (to give hydrogen chloride). It is known as the
anhydrous salt (hexagonal; r. d. is 2.44 (fused solid); m. p. is 190°C (2.5 atm.); it
sublimes at 178°C) or the hexahydrate A1C13.6H,0 (rhombic; r. d. is 2.398; it loses
water at 100°C), both of which are deliquescent. Aluminium chloride may be
prepared by passing hydrogen chloride or chlorine over hot aluminium or by
passing chlorine over heated aluminium oxide and carbon. The chloride ion is
polarized by the small positive aluminium ion and the bonding in the solid is
intermediate between covalent and ionic. In the liquid and vapour phases dimer
molecules exist, A1,C1g, in which there are chlorine bridges that make coordinate
bonds to aluminium atom. The A1C1; molecule can also form compounds with
other molecules that donate pairs of electrons (e.g. amines or hydrogen sulphide);
l.e. it acts as a Lewis acid. Aluminium chloride is used commercially as a catalyst in
the cracking of oils. It is also used as a catalyst in certain organic reactions,
especially in the Friedel-Crafts reaction

Vocabulary

lustrous - GnecTsimuit corrosion resistance - Koppo3WOHHAas
transparent - npo3payHblii CTOMKOCTh

bauxite - 6okcut work-hardening -  MexaHHYECKoe
to purify - ounmars yIpOYHEHUE

pure - YUCTHIH deliquescent - pacTBOpsrOIIUIiCS
molten - pacmiaBieHHBIIH aircraft - camomner

ductile - mraBkuit , KOBKHIA vehicle - TpancioptTHOE CpencTBO
manganese - mapraserl to sublime - cyGimmupoBatbcst

ZINC- LUHK to donate - mepenaBath

lightness - erkocTsb cracking - xpekuHT

abundant - pacpoctpaneHHbII oil - macmo

liquid - *xuaKOCTH overhead power cable - Bo3aymiHbIH

CHJIOBOM KaOeib
Exercise 2. Answer the following questions.
1. How is aluminium extracted?
2. What are the properties of aluminium?
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3. Why is aluminium suitable for variety of uses?
4. How is aluminium chloride prepared?
5. Where is aluminium chloride used?
Exercise 3. Put questions to the bold-typed words.
Aluminium chloride is a whitish solid.
Alloying element is copper.
Strength of any metal can be increased by work-hardening.
Aluminium chloride sublimes at 178° C.
Copper oxide is prepared by electrolysis.
Aluminium chloride is soluble in water.
In the liquid and vapour phases dimer molecules exist.
The A1C1; molecule can also form compounds.
. Aluminium chloride is used commercially as a catalyst.
10 Aluminium chloride is also used in certain organic reactions.
11. Pure aluminum is soft and ductile.
12. The metal is protected by a thin transparent layer of the oxide.
Exercise 4. Give the equivalents for the following words and make up sentences
with them: copper, zinc, manganese, electrolysis, to exist, to sublime, vehicle,
aircraft, work-hardening, corrosion resistance, liquid, to extract, deliguescent,
abundant, to increase, conversion, silicon, magnesium.
Exercise 5. Match the following words with the correct definition.

CoNo~WNE

1. Acid rain is a) a chemical used for killing insects.
2. Corrosive substance is b) a material that produces heat when
3. Flammable means it burns.

4. Chlorine is c) apoisonous greenish-yellow gas.
5. Fuel is It has strong smell. It is a non-metal
element.

6. Pesticide is d) a substance that can damage through

chemical action, e.g. stone or metal.
e) fire-catching and easily - burning.
f) rain that contains factory gases that
damage crops and buildings.

7. Citric acid is g)an acid contained in orange or lemon juice.

8. Oxide is h) a chemical element found in rocks and sand.

9. Silicon is 1) a compound of oxygen and another chemical
element.

Exercise 6. Give the explanation for the following words: corrosion resistance,
electrical conductivity, bauxite, zinc, silicon, liquid.
Exercise 7. Find and correct the mistakes in the text based on the text from Ex.1:
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Chloride aluminium

Are chloride aluminium an solid whitish, A1C1;, which have fuming on moist
air and reacting violently to water (to have given chloride hydrogen). It are
knowed in salt the anhydrous (hexagonal; r.d. is 2.44 (fused solid); m.p. is 190°C
(2.5 atm.); it sublime at 178°C) or the hexahydrate A1C13.6H,0 (rhombic; r.d. 2.398
IS ; lose it water in 100°C), both of which is deliquescent. Chloride aluminium
may is prepare in pass chloride hydrogen or chlorine at hot aluminium or in
pass chlorine to heated oxide aluminium and carbon. is polarizes the ion chloride
by small ion positive aluminium and the bonding on the solid are intermediate
between covalent and ionic. On the phases in liquid and vapour dimer molecules
existed, A1,Clg, in which there is bridges chlorine who makes coordinate binds
on atom aluminium . can also formed the A1C1; molecule compounds under other
molecules who donated pairs of electrons (e.g. amines or hydrogen sulphide); i.e. it
acts ina acid Lewis . are used commercially Chloride aluminium to a catalyst
under the cracking in oils. It are also a catalyst in certain other organ reactions,
especially above the reaction Friedel-Crafts
Exercise 8.

a) Put the verbs in the correct tense form, paying attention to the voice.

1. Aluminium chloride (dissolve) in water.

2. Last year a very interesting report about the interaction of tungsten with
oxygen (to publish) by us.

We just (to find out) the composition of this substance.

Aluminium chloride (to use) in the cracking of oils.

The strength of aluminium (to improve) by work-hardening.

We (to develop) a new type of fuel which ( not to pollute) the environment.
When (to invent) overhead power cable ?

How (to produce) carbon dioxide industrially ?

Nowadays many chemists (to pay) more attention to the problem of the
corrosion of metals.

10. What (to be) your understanding of the term “corrosion” ?

11. To determine the properties of this substance we (to employ) the method
developed by Hopkins.

12. This article (to discuss) the solvolytic disproportionation of terbium oxide.

b) Compare aluminium with cobalt using comparative and superlative degrees
on the scheme given in Lesson 4.

c¢) Chemical quiz: Are these sentences true or false ?
1. Aluminium chloride is a bluish solid.
2. Aluminum a brown metallic element without luster and it belongs to the
group 5 of the periodic table.

© 0N U AW
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3. Carbon reacts with aluminium and forms water.

4. Pure aluminium is soft and ductile.

5. The A1C1; molecule can also form compounds with other molecules that donate
pairs of electrons.

6. Alloying elements include copper, silicon, tungsten and magnesium.

7. Aluminum is extracted from purified smaltine.

8. Cobalt is oxidized by hot air and also reacts with carbon, phosphorus, sulphur and
dilute mineral acids.

d) Finish the sentences:

1. Cobaltisa...

2. Carbon has ...

3. Bismuth is also used in ...

4. Aluminium is protected by ...

5. Aluminum chloride sublimes ....

6. Diamond occurs ...

7. Citric acid is contained ...

Texts for educational purposes
Colloids

Colloids were originally defined by Thomas Graham in 1861 as substances, such
as starch or gelatin, which will not diffuse through a membrane. He distinguished
them from crystalloids (e.g. inorganic salts), which would pass through membranes.
Later it was recognized that colloids were distinguished from true solutions by the
presence of particles that were too small to be observed with a normal microscope yet
were much larger than normal molecules. Colloids are now regarded as systems in
which there are two or more phases, with one (the dispersed phase) distributed in the
other (the continuous phase). Moreover, at least one of the phases has small
dimensions (in the range nT°-10 ® m). Colloids are classified in various ways.

Sols are dispersions of small solid particles in a liquid. The particles may be
macromolecules or may be clusters of small molecules. Lyophobic sols are those in
which there is no affinity between the dispersed phase and the liquid. An example is
silver chloride dispersed in water. In such colloids the solid particles have a surface
charge, which tends to stop them coming together. Lyophobic sols are inherently
unstable and in time the particles aggregate and form a precipitate. Lyophilic sols, on
the other hand, are more like true solutions in which the solute molecules are large
and have an affinity for the solvent. Starch in water is an example of such a system.
Association colloids are systems in which the dispersed phase consists of clusters of
molecules that have lyophobic and lyophilic parts. Soap in water is an association
colloid .
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Emulsions are colloidal systems in which the dispersed and continuous phases are
both liquids, e.g. oil-in-water or water-in-oil. Such systems require an emulsifying
agent to stabilize the dispersed particles.

Gels are colloids in which both dispersed and continuous phases have a three-
dimensional network throughout the material, so that it forms a jelly-like mass.
Gelatin is a common example. One component may sometimes be removed (e.g. by
heating) to leave a rigid gel (e.qg. silica gel).

Other types of colloid include aerosols (dispersions of liquid or solid particles in a
gas, as in a mist or smoke) and foams (dispersions of gases in liquids or solids).

Flocculation

Flocculation is the process in which particles in a colloid aggregate into larger
clumps. Often, the term is used for a reversible aggregation of particles in which the
forces holding the particles together are weak and the colloid can be redispersed by
agitation. The stability of a lyophobic colloidal dispersion depends on the existence
of a layer of electric charge on the surface of the particles. Around this are attracted
electrolyte ions of opposite charge, which form a mobile ionic atmosphere. The result
Is an electrical double layer on the particle, consisting of an inner shell of fixed
charges with an outer mobile atmosphere. The potential energy between two particles
depends on a repulsive interaction between double layers on adjacent particles and an
attractive interaction due to van der Waals' forces between the particles.

At large separations, the repulsive forces dominate, and this accounts for the overall
stability of the colloid. As the particles become closer together, the potential energy
increases to a maximum and then falls sharply at very close separations, where the
van der Waals' forces dominate. This potential-energy minimum corresponds to
coagulation and is irreversible. If the 'ionic strength of the solution is high, the ionic
atmosphere around the particles is dense and the potential-energy curve shows a
shallow minimum at larger separation of particles. This corresponds to flocculation of
the particles. lons with a high charge are particularly effective for causing
flocculation and coagulation.

Dipole and dipole-dipole interaction

Dipole is a pair of separated opposite electric charges. The dipole moment (symbol
u) is the product of the positive charge and the distance between the charges. Dipole
moments are often stated in debyes. The Sl unit is the coulomb meter. In a diatomic
molecule, such as HC1, the dipole moment is a measure of the polar nature of the
bond; i.e. the extent to which the average electron charge is displaced towards one
atom (in the case of HC1, the electrons are attracted towards the more electronegative
chlorine atom). In a polyatomic molecule, the dipole moment is the vector sum of the
dipole moments of the individual bonds. In a symmetrical molecule, such as
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tetrachloromethane (CC1,), there is no overall dipole moment, although the
individual C-CI bonds are polar.

Dipole-dipole interaction is the interaction of two systems, such as atoms or
molecules, by their dipole moments. The energy of dipole-dipole interaction depends
on the relative orientation and the strength of the dipoles and how far apart they are.
A water molecule has a permanent dipole moment, thus causing a dipole-dipole
interaction if two water molecules are near each other. Although isolated atoms do
not have permanent dipole moments, a dipole moment can be induced by the
presence of another atom near it, thus leading to induced dipole-dipole interactions.
Dipole-dipole interactions are responsible for van der Waals' forces and surface
tension in liquids.

Texts from scientific articles
Journal of Electroanalytical Chemistry

Polarographic behaviour of Cerium (1V)

Introduction

The polarographic study of strong oxidant ionic species, such as Ce (1V),
presents serious limitations with the dropping mercury electrode because of the easy
oxidability of mercury. We obtain, in fact, polarographic waves which start at the
zero of the e.m.f. applied. These waves were utilized by Canneri and Cozzi for
analytical purposes. The difficulty of studying the behavior of ceric ion with the
dropping mercury electrode justifies the dearth of bibliographic notices upon
problems connected with the equilibrium of the red/ox couple Ce (1V)/Ce (I11) in the
dynamic phase. With the realization of the bubbling platinum electrode which is
analogous to the dropping mercury electrode, it is possible to extend polarographic
investigations even to strong oxidant ionic species, such as ceric ion. As is known,
the ceric ion forms complexes with several reducing ligands but their existence is
not compatible with the oxidant powers of ceric ion which reduces itself, in a very
short time, to cerous ion. Therefore we have investigated sulphure complexes ,
which present not only notable stability but , with the non-reducing character of the
ligand , are compatible with the strong oxidant character of Ce (1V).

Summary

The Ce (1V) reduction in sulphuric media on the bubbling smooth platinum
electrode was widely investigated. The influence on the ceric ion behavior of H,SO,
ionic activity, the presence of catalysts, as well as the temperature change was
observed. The conditions under which the red/ox Ce (1V)/Ce (I1l) system becomes
reversible in sulphuric media are defined and the influence of acidity, catalysts and
temperature are studied. Finally a polarographic direct determination of Ce (1V) is
described.
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Lesson 7

Part 1
Dependent Participle Constructions

Dependent participle constructions - are constructions that don’t have a word,
denoting a doer or an object, before the participle. So when you translate such
kind of constructions you should repeat a subject in a subordinate clause.
Dependent participle constructions without a conjunction  are translated by a
subordinate clause with the word “xotopsiii”, €.g.. Barometer is an instrument
measuring atmospheric pressure. - bapomerp - 3TO HmpHOOP, KOTOPBIA H3MEPSET
atmochepHoe nasinenue. Dependent participle constructions with a conjunction are
translated by a subordinate clause with the words: “korma”, “ecnu”, “eciau He”, €.g.:
When frozen water is a colourless solid - Korma Boma 3amopo)keHa, OHa
npejcTaBisieT co0oi OecIBeTHOE TBEpoe BemecTBo. Sometimes in translating the
word combinations with “if”, “as”, “unless”, “when” we need to repeat a subject.
Such situations can be met with the constructions: as it was mentioned - kak
ynomuHanock, if it is desired - ecnmm myxkHO, unless it is stated - ecmm He
yTBepKaaeTcs, as it IS seen - kak BuaHo. In this cases subject can be omitted. E.g.:
If it is desired the instrument may be used . - Eciu HyXHO, 3TOT HpHOOpP MOXKET
ObITh Mcmosb30oBad.  AS mentioned above the experiment was successful - Kak
YIIOMHUHAJIOCh BBIIIC, SKCIICPUMCHT ObLI YCIICIIHBIM.

Practice

Translate the following sentences paying attention to the translation of
dependent participle constructions.
While taking part in the discussion he advanced his famous theory.
While being treated for several hours the compound turned dark red.
While being a boy he showed a great aptitude to chemistry.
When exposed to sunlight the peroxide is isomerized to the oxidoketone.
While being a young man of 16 Kekule synthesized his first compound.
When filtered through a crucible the solution was washed with water.
After having been developed this method was widely used by many
researchers.
After standing for some time this solution was poured onto ice.
The product containing chlorine has varied as a result of temperature
rise.
10. The gas rates reported in literature range from 10 to 400 ml/min.
11. The close agreement of six compounds listed here is unlikely to be a

coincidence.

NogakowdE
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Part 2
Exercise 1. Read and translate the text. Make the summary of the text.
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Ammonia

Ammonia is a colourless gas, NHs, with a strong pungent odour; r.d. is 0.59
(relative to air); m.p. is -77.7°C; b.p. is -33.35°C. It is very soluble in water and
soluble in alcohol. The compound may be prepared in the laboratory by reacting
ammonium salts with bases such as calcium hydroxide or by the hydrolysis of a
nitride. Industrially it is made by the Haber process and over 80 million tons per
year are used either directly or in combination. Major uses are the manufacture of
nitric acid, ammonium nitrate, ammonium phosphate and urea (the last three as
fertilizers), explosives, dyestuffs and resins.

Liquid ammonia has some similarity to water as it is hydrogen bonded and has a
moderate dielectric constant, which permits it to act as an ionizing solvent. It is
weakly self-ionized to give ammonium ions, NH," and amide ions, NH,". It also
dissolves electropositive metals to give blue solutions, which are believed to
contain solvated electrons. Ammonia is an extremely soluble in water giving basic
solutions that contain solvated NH; molecules and small amounts of the ions NH,*
and OH". The combustion of ammonia in air yields nitrogen and water. In the
presence of catalysts NO, NO, and water are formed; this last reaction is the basis
for the industrial production of nitric acid. Ammonia is a good proton acceptor
(i.e. it is a base) and gives rise to a series of ammonium salts, e.g.

NH; + HC1 — NH," + CI".

It is also a reducing agent.

The participation of ammonia in the nitrogen cycle is a most important natural
process. Nitrogen-fixing bacteria are able to achieve similar reactions to those of
the Haber process, but under normal conditions of temperature and pressure.
They release ammonium ions, which are converted by nitrifying bacteria into
nitrite and nitrate ions.

Vocabulary
ammonia - aMM#aK
pungent - enkuit

moderate - ycpe1HEeHHBI#
to permit - mo3BOISATH

alcohol - ciupr

hydrolysis - ruaponus
ammonium nitrate - auTpaT
AMMOHUSA

ammonium phosphate - docoar
AMMOHUA

urea - MoueBHUHA, KapOaMu
fertilizer - ynoGpenue

explosive - B3pbIBUaTOE BELIESCTBO
dyestuff - kpacurens

resin - cmoua

solvent - pacTBopuTEIbH
combustion - ropenue

to contain - comepxaTh

to nitrify - autpudunmponats

to yield - BrI3BIBaTH, IPUBOIUTH K
00pa3oBaHUIO

bacterium (pl. bacteria) - 6akrepus
nitrogen-fixing bacteria - 6akrepunu,
CBSI3BIBAIOIIKE a30T

to give rise - mpuBOAUTH K
00pa3oBaHUIO
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to release - BrICBOOOXIAaTh proton acceptor - akuenTop NpoTOHOB
nitrogen cycle - a3oTHBIN UK
Exercise 2. Answer the following questions.

1. Where is ammonia soluble?

2. What substance is liquid ammonia similar to?

3. How is ammonia made industrially?

4. What substances does ammonia give when it burns in air?

5. What are the major uses of ammonia?
Exercise 3. Put questions to the bold-typed words.

1. Ammonia may be prepared in the laboratory by reacting ammonium
salts with bases.
Ammonia is a good proton acceptor.
In the presence of catalysts NO, NO, and water are formed.
Moderate dielectric constant permits ammonia to act as an ionizing
solvent.
5. Ammonia is used in the manufacture of nitric acid.
6. Ammonia dissolves electropositive metals.
7.
xe

Bown

When burnt in air ammonia yields nitrogen and water.

Exercise 4. Match the definition with the correct word.
1. Chemical energy is a) a substance that causes a chemical
reaction to happen quickly.
2. Carbon monoxide is b) a process of using fuel to produce heat or
energy.
3. Commercial use means  c¢) a poisonous gas produced by the engines
of vehicles.
4. Compound is d) an energy which is stored in fuels.
5. Catalyst is e) use in business.
6. Burning is f) a chemical substance that consists of two or

more elements that together form a molecule.
7. Potassium hydroxide is  g) a white alkaline compound that is used,
for example, in soap manufacture.
Exercise 5. Give the synonyms for the following words and make up sentences with
them: burning, to yield, amount, to give rise, to convert, important, to release,
manufacture.
Exercise 6. Put the following words in the gaps: to contain, amount, vehicles, to
release, pungent, fertilizers, bacteria.
We have obtained a large ... of calcium oxide during this experiment.
This cheese has very ... odour.
Ammonia ... hydrogen and nitrogen.
Yesterday there were a lot of parked ... near the theatre.
When heating water solution ammonia gas ... .

agbrhwnhE
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6. Our farmers usually use many ... to make soil more fertile.
7. ... existin large quantities in air, water, dead creatures and plants.

Exercise 7. Make the following sentences interrogative and negative.

1. Liquid ammonia has some similarity to water.

2. Nitrogen - fixing bacteria are able to achieve the reactions which are similar
to the reaction of the Haber process.
It also dissolves electropositive metals.
The combustion of ammonia in air yields nitrogen and water.
It is very soluble in water and soluble in alcohol.
Ammonia is a good proton acceptor.
Exercise 8.. Paraphrase the following expressions using attributive chain and
translate them.
E.g.: the reduction of carbon — carbon reduction:
. the technology of the production of fullerenes;
. the production of soot;
. the synthesis of vinyl acetate;
the pyrolysis of ethylene;
. the technique of the determination of the content of soot particles;
the investigation of the rare earth oxides of terbium and praseodymium.;
the combustion of ammonia;
. the modifications of electric field,;
the solution of ammonia.

o 0k w
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Texts for educational purposes
Synthesized and natural compounds of nitrogen

Amides are organic compounds containing the group -CO.NH, (the amide group).
Compounds containing this group are primary amides. Secondary and tertiary amides
can also exist, in which the hydrogen atoms on the nitrogen are replaced by one or
two other organic groups respectively. Simple examples of primary amides are
ethanamide, CH3;CONH,, and propanamide, C,HsCONH,. They are made by heating
the ammonium salt of the corresponding carboxylic acid. Amides can also be made
by reaction of ammonia (or an amine) with an acyl halide. Amides can also be
defined as inorganic compounds containing the ion NH,", e.g. KNH, and Cd(NH,),.
They are formed by the reaction of ammonia with electropositive metals.

Amination is a chemical reaction in which an amino group (-NH,) is introduced
into a molecule. Examples of amination reaction include the reaction of halogenated
hydrocarbons with ammonia (high pressure and temperature) and the reduction of
nitro- compounds and nitriles.

Amines are organic compounds derived by replacing one or more of the hydrogen
atoms in ammonia by organic groups. Primary amines have one hydrogen replaced,
e.g. methylamine, CH;NH,. They contain the functional group -NH, (the amino
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group). Secondary amines have two hydrogens replaced, e.g. methylethylamine,
CH3(C,Hs)NH.  Tertiary amines have all three hydrogens replaced, e.g.
trimethylamine, (CHs);N. Amines are produced by the decomposition of organic
matter. They can be made by reducing nitro compounds or amides.

Amine salts are salts similar to ammonium salts in which the hydrogen atoms
attached to the nitrogen are replaced by one or more organic groups. Amines readily
form salts by reaction with acids, gaining a proton to form a positive ammonium ion.
They are named as if they were substituted derivatives of ammonium compounds; for
example, dimethylamine ((CHs3),NH) will react with hydrogen chloride to give
dimethylammonium chloride, which is an ionic compound [(CH3),NH,]* CI". When
the amine has a common nonsystematic name the suffix -ium can be used; for
example, phenylamine (aniline) would give [CsHsNH3]™ CI°, known as anilinium
chloride. Formerly, such compounds were sometimes called hydrochlorides, e.g.
aniline hydrochloride with the formula CgHsNH,.HC1.,

Salts formed by amines are crystalline substances that are readily soluble in water.
Many insoluble alkaloids (e.g. quinine and atropine) are used medicinally in the form
of soluble salts (hydrochlorides). If alkali (sodium hydroxide) is added to solutions of
such salts the free amine is liberated. If all four hydrogen atoms of an ammonium salt
are replaced by organic groups a quaternary ammonium compound is formed. Such
compounds are made by reacting tertiary amines with halogen compounds; for
example, trimethylamine ((CHs);N) with chloromethane (CHs;C1) gives
tetramethylammonium chloride, (CHs3),N* CI". Salts of this type do not liberate the
free amine when alkali is added, and quaternary hydroxides (such as (CH3),N" OH")
can be isolated. Such compounds are strong alkalis, comparable to sodium hydroxide.

Amino acid is any of a group of water-soluble organic compounds that possess
both a carboxyl (-COOH) and an amino (-NH,) group attached to the same carbon
atom, called the a.-carbon atom. Amino acids can be represented by the general
formula R-CH(NH,)COOH. R may be hydrogen or an organic group and determines
the properties of any particular amino acid. Through the formation of peptide bonds,
amino acids join together to form short chains (peptides) or much longer chains
(polypeptides). Proteins are composed of various proportions of about 20 commonly
occurring amino acids. The sequence of these amino acids in the protein polypeptides
determines the shape, properties and hence biological role of the protein. Some amino
acids that never occur in proteins are nevertheless important, e.g. ornithine and
citrulline, which are intermediates in the urea cycle.

Plants and many microorganisms can synthesize amino acids from simple inorganic
compounds, but animals rely on adequate supplies in their diet. The essential amino
acids must be present in the diet whereas others can be manufactured from them.

On acids and their properties

Acid is atype of compound that contains hydrogen and dissociates in water to

produce positive hydrogen ions. The reaction, for an acid HX, is commonly written
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HX =H"+ X.
In fact, the hydrogen ion (the proton) is solvated and the complete reaction is:

HX + Hgo = H30+ + X

The ion H;O™ is the oxonium ion (or hydroxonium ion or hydronium ion). This
definition of acids comes from the Arrhenius theory. Such acids tend to be corrosive
substances with a sharp odor, which turn litmus red and give colour changes with
other indicators. They are referred to protonic acids and are classified into strong
acids, which are almost completely dissociated in water (e.g. sulphuric acid and
hydrochloric acid) and weak acids, which are only partially dissociated (e.g. ethanoic
acid and hydrogen sulphide). The strength of an acid depends on the extent to which
it dissociates, and is measured by its dissociation constant. In the Lowry-Brensted
theory of acids and bases (1923), the definition was extended to one in which an acid
Is a proton donor ( Brensted acid) and a base is a proton acceptor ( Brensted base).
For example, in HCN + H,O = H;0" + CN..

The HCN is an acid, in that it donates a proton to H,O. The H,0 is acting as a base
in accepting a proton. Similarly, in the reverse reaction H;O" is an acid and CN " is a
base. In such reactions, two species related by loss or gain of a proton are said to be
conjugate. Thus, in the reaction above HCN is the conjugate acid of the base CN" and
CN' is the conjugate base of the acid HCN. Similarly, H;O" is the conjugate acid of
the base H,O. An equilibrium, such as that above, is a competition for protons
between an acid and its conjugate base. A strong acid has a weak conjugate base and
vice versa. Under this definition water can act as both acid and base. Thus in

NH; + H,0 = NH," + OH" the H.,0 is the conjugate acid of OH". The definition also
extends the idea of acid-base reaction to solvents other than water. For instance,
liquid ammonia, like water, has a high dielectric constant and is a good ionizing
solvent. Equilibria of the type:

NH; + Na'Cl" = NaNH, + HC1 can be studied, in which NH; and HC1 are acids and
NH, and CI" are their conjugate bases.

A further extension of the idea of acids and bases was made in the Lewis theory
(G. N. Lewis, 1923). Here a Lewis acid is a compound or atom that can accept a pair
of electrons and a Lewis base is one that can donate an electron pair. This definition
encompasses traditional acid-base reactions. In
HCI + NaOH = NaCl + H,0
the reaction is essentially H" + :OH = H:OH
i.e. donation of an electron pair by OH". But it also includes reactions that do not
involve ions, e.g.

Hi:N: + BC1; = H3;NBC1;in which NHs is the base (donor) and BC1; is the acid
(acceptor). The Lewis theory establishes a relationship between acid-base reactions
and oxidation-reduction reactions.
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Acidic describes a compound that is an acid, a solution that has an excess of
hydrogen ions and a compound that forms an acid when dissolved in water. Carbon
dioxide, for example, is an acidic oxide.

Acidic hydrogen is a hydrogen atom in an acid that forms a positive ion when the
acid dissociates.

Acid salt is a salt of a polybasic acid (i.e. an acid having two or more acidic
hydrogens) in which not all the hydrogen atoms have been replaced by positive ions.
For example, the dibasic acid carbonic acid (H,CO5) forms acid salts
(hydrogencarbonates) containing the ion HCO5". Some salts of monobasic acids are
also known as acid salts. For instance, the compound of potassium
hydrogendifluoride, KHF,, contains the ion [F...H-F]’, in which there is hydrogen
bonding between the fluoride ion F~ and hydrogen fluoride molecule.

Acidimetry is a volumetric analysis using standard solutions of acids to determine
the amount of base present.

Texts from scientific articles
Journal: Analytica Chimica Acta
Oxidizing properties of Perchloric Acid solution

Introduction

The oxidizing properties of hot concentrated perchloric (chloric (VII)) acid are
well known. From the oxidations performed the reduction potential of the boiling
perchloric acid-water azeotrope is estimated to be +2.0 V. As noted by Smith, this
suggests the possibility of using this reagent to oxidize cerium to the tetravalent state.
However, no suitable procedure has been published. Indeed, cerium is not oxidized to
the tetravalent state by boiling with perchloric acid alone, a fact utilized by
O’Laughlin to determine chromium in a chromium-cerium-uranium alloy. Although a
faint yellow color appears in cerium solutions during boiling with perchloric acid ,
the solution becomes colorless when it is cooled and or diluted with water. However ,
if a small amount of sulphuric (V1) acid is also present, rapid oxidation occurs ,
indicated by the appearance of the characteristic red-orange color of cerium(IV). This
paper presents a satisfactory procedure and optimum conditions for the oxidation of
cerium(I1) to cerium(1V) using a mixture of hot concentrated perchloric and
sulphuric (V1) acids. The procedure is potentially useful for the oxidimetric
determination of cerium as well as for the preparation of cerium (IV) solutions that
are free of foreign cations and of anions other than sulphate and perchlorate.
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Journal: Analytica Chimica Acta
Oxidation of Cerium (I11) to Cerium (1V)

Reagents and equipment.

Cerium (IV) sulphate solution, 0.1 N . A stock solution of cerium (V) sulphate
was prepared by slurring 438.6 g of primary standard grade ammonium
hexanitratocerate (IV) in 450 ml of concentrated sulphuric (VI) acid and slowly
diluting with water to 8:1 while stirring vigorously. After standing for 2 days a
significant amount of precipitate formed, and the solution therefore was decanted. It
was standardized against arsenious oxide using osmium tetroxide (osmium (V)
oxide) as a catalyst, and against electrolytic iron, and found to be 0.1000 N. This
value was confirmed by subsequent restandardization at intervals throughout the
work.

Oxidations were carried out in 300 ml conical flasks equipped with special
condenser heads to prevent loss of material by spattering and reduce the escape of
perchloric acid into the atmosphere by condensing the vapours in the neck of the
flask.

Samples containing 4-5meq of cerium were taken for each oxidation so that
subsequent titrations could be carried out using an ordinary 50-ml Normax burette.
The same burette was used for both titrations and measuring sample solutions to
eliminate errors in glassware calibration.

Lesson 8

Part 1
Absolute Participle Constructions

An absolute participle construction - is an independent sentence which is
marked by commas and has a subject followed by a predicate. This construction is
translated by a subordinate clause. If it is placed at the beginning of a sentence it is
translated by a subordinate clause with the conjunctions: “rak kak”, “korma”,
“ecmn”, “xotsa”, “mocne Toro kak” and etc. E.g.: The choice having been made, all
the other alternatives have been rejected - ITocie Toro, kak BEIOOP OBLT cliejIaH, BCE
apyrue Bo3MoxHOCTH ObLIH oTBeprHyTHI. |f the construction is placed at the end of a
sentence it is translated by a subordinate clause with the conjunction: “npuuem™. E.g.:
We carried out a series of reactions, the raw materials brought from laboratory - Msr
IIPpOBCIIN CCPpHUroO peaKHHﬁ, IIpu4cM HUCXOOAHBIC MaTCpHUaJIbl 6I>IJ'H/I B3AThI nu3
naboparopun. Sometimes absolute participle constructions can be introduced with
the conjunction: “with” and be translated with a subordinate clause with
conjunctions: “korma”, “npuyem”, “rak kax”. E.g.: With water being cooled, the
rate of reaction is low - Korma Bomy oxJsaxmaroT, CKOpOCTh peakimu Hike. “With”
has a few meanings: 1) c; 2) myreM, ¢ MOMOIIBIO; 3) B 3aBUCUMOCTH; 4) B cllydae; 5)
B cootBeTcTBHU. Along with - Hapsay ¢, with an exception - 3a uckioueHueEM;
with no exception - 6e3 uckiroueHwus, With regard to - oTHOCUTETBHO.
Vocabulary
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binding power - cmocoOHOCTE K Grignard reagent - pearent I punbspa

00pa3oBaHUIO CBS3H carboxylic acids -  kapOoHOBBIE
mean - cpe/iHee 3HAUYCHHUE KUCJIOTHI
dative m bonds- noHopHBIE T CBsI3H to seek - mpuTsTHUBaATH
preheater - npeBapUTEIIbHBIN
HarpeBaTellb
Practice

Translate the following sentences paying attention to the translation of absolute
participle constructions.

1.
2.
3.

7.

The temperature being 10 °C, water boiled quickly.

A new technique having been worked out, the yield rose.

All the values found experimentally are considerably higher, their mean being
6.54.

4. The experiments having been carried out, we started new investigations.
5.
6. Electrophilic reagents are those which seek electrons, the most common being

We found new routes of synthesis, the older ones being unsatisfactory.

positive ions.

This theory assumed binding power as an intrinsic property of atoms, the
number of bonds formed by an atom, its valence being characteristic for each
kind of atom.

8. Here only one of the rings retains its symmetrical and aromatic character, the

other being linked to cobalt by dative = bonds from two conjugated double
bonds.

9. In many ways the reduction resembles the action of Grignard reagent,

hydrogen entering the reactant molecule in the place of an alkyl or aryl group.

10. With the isomerization preceding the reaction, the yields were low.
11. A preheater is unnecessary with the oxygen normally available.
12. A number of compounds were prepared and tested with the results of any

promise.

13.Carboxylic acids exist in dimeric form with very hydrogen strong bridges

between carbonyl and hydroxyl groups.
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Part 2
Exercise 1. Read and translate the text. Make the summary of the text.
Electric - field - induced flame speed modification

A rather large amount of works has been reported on the various effects of electric
field on a wide variety of flames. However, the mechanisms responsible for the
dramatic field-induced effects on the size and shape of the inner cone of some
hydrocarbon flames are still not well understood. Bradley provides a good overview
of this subject.

Electric - field - induced modifications of flame geometry have been known for
some time, the first report being published by Chattock in 1889. Since then, many
aspects of the effects of externally applied fields have been investigated. For
example, increases in flame blow-off flow rate due to the application of external
fields in both diffusion and premixed methane-air flames have been measured.
Similar increases in flame stability have also been observed at fields sufficient to
produce a corona discharge within the flame. Improved heat transfer to solid surfaces
due to externally applied fields has been reported. Increased burning velocities for
hydrocarbon flames in direct current (DC) fields and elevated temperatures for
flames in microwave fields have been similarly established. It has also been
shown that soot formation in diffusion flame is diminished by application of DC
external field. Flame extinction limits in premixed flame are also perturbed by DC
fields. The most extensive efforts to construct and test theoretical model sufficient
to predict the maximum practical effects of electric fields on flames are contained
in the publications by Lawton and co-workers. Recently, a kinetic  model
simulating the effects of electric fields in premixed methane flames has been used to
simulate microgravity in small diffusion flames.

The effects of pulsed and continuous direct current electric fields on the reaction
zones of premixed propane/air flames have been investigated using several types
of experimental measurements. All observed effects on the flame are dependent on
the applied voltage polarity, indicating that negatively charged flame species do
not play arole inthe perturbation of the reaction zone. Experiments characterize
the electric-field-induced modifications of the shape and size of the inner cone,
and the concomitant changes in the temperature profiles of flames with
equivalence ratios between 0.7 and 0.8 are also reported. High-speed two-
dimensional imaging of the flame response to a pulsed direct current voltage shows
that the unperturbed conical flame front (laminar flow) is driven into wrinkled
laminar flame (cellular) geometry on a time scale of the order of 5 ms.
Temperature distributions derived from  pyrometry measurements in flames
perturbed Dby continuous direct current field show similar large changes in the
reaction zone geometry, with no change in maximum flame temperature. All
measurements are consistent with the observed flame perturbations being a fluid
mechanical response to the applied field brought about by forcing positive flame
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ions counter to the flow. The resulting electric pressure decreases. The observed
increases in flame speed and the flame front trend toward turbulence can be
described in terms of the wrinkling of flame front and concomitant increase in
reaction sheet area. This effect is a potentially attractive means of controlling flame
fluid mechanical characteristics. The observed effects require a minimal input of
electrical power due to the better electric field coupling in the present experiments

to the previous studies.
Vocabulary

modification - BumousMeHeHnue
dramatic - pe3kuit

to induce - uHIYHHPOBATH
various - pasinJHbIiI

speed - CKOpPOCTh

Size - pasmep

shape - popma

Inner - BHyTpeHHUI

CONe - KOHyC

electric field - aekrpuyeckoe mose
flame - mmams

flow rate - ckopocTh oTOKA
flame blow -off - cprIB muTaMenu

diffusion flame - nuddysuonHoe
I1amMsd

premixed flame - Iamst
IpcaABaApUTCILHO CMCIIaHHBIX

roprouux BCIICCTB

to perturb - Bo3myIath

corona discharge - kopoHHbIi pa3psina
applied field - npunoxennoe mose
hydrocarbon flame - yrmeBomopomHoe
IJ1amM4d

Exercise 2. Answer the following questions.

heat transfer - nepenaua tera

to simulate - mogenmupoBaTh

DC (direct current) - moCTOSIHHBIN TOK
external - BHeTHMI

to establish - ycranaBmuBaTh
extinction - 3aryxanue

to observe - HabmonaTh

to investigate - uccremoBath

soot formation - caxeoOpazoBaHue
velocity - ckopocTb

to diminish - ymenbImaThcst
microgravity - MuUKporpaBuTamus
reaction zone - peakiMOHHAs 30HA
propane - mpomas

voltage - HanpspkeHHe

applied voltage - TPUIOKCHHOE
HanpsHKCHUE

ratio - COOTHOIIICHHE

pressure - naBJICHUE

concomitant - comyTCTBYOLIHIA
fluid - >xuoxui, KUIKOCTH
pyrometry - nupomerpus

laminar flow - namuHapHBIT TOTOK

1. Who published the first report about electric - field - induced —flame — speed

modifications?

2. Why can one observe increases in flame blow-off flow rate?
3. Due to what scientific fact has improved heat transfer to solid surfaces been

reported?

o B

How is soot formation diminished in diffusion flame?
How have the effects of pulsed and continuous direct current electric fields

on the reaction zones of premixed propane/air flames been investigated ?
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Exercise 3. Put questions to the bold-typed words.

2.

3.

4.

S.

6.

1. Kinetic model has been used to simulate microgravity in small diffusion
flames.

2. Electric - field - induced modifications of flame geometry have been known
for some time.

3. Many aspects of the effects of externally applied fields have been
Investigated.

4. Increases in flame stability have also been observed at fields sufficient to
produce a corona discharge within the flame.

5. Flame extinction limits in premixed flame are also perturbed by DC

fields.

Bradely provides a good overview of this subject.

7. All observed effects on the flame are dependent on the applied voltage
polarity.

8. Experiments characterize the electric-field-induced modifications.

9. Temperature distributions derived from  pyrometry measurements in
flames were perturbed by continuous direct current field.

10. The resulting electric pressure decreases.

11. A rather large amount of works has been reported on the various effects
of electric field on a wide variety of flames.

12. Increased burning velocities for hydrocarbon flames in direct current
field have been established.

13. Soot formation in diffusion flame is diminished by application of DC
external field.

14. The observed effects require a minimal input of electrical power.

o

Exercise 4. Translate the following sentences into English.
1.

W3mMeHeHusT CKOPOCTH TOPEHHs YIVIEBOJOPOAHBIX IUIAMEHEH  IPOUCXOIUT B
Ipouecce IMepeaayy Tera.

B pesynbraTe H3MEHEHHUs TEMIEpPATypbl MJIABJICHUS HA TBEPAOW MOBEPXHOCTU
00pa3yloTcsl YacCTHUIbl CAKU, KOTOPBIE B AAJIbHEUILIEM KOAryJIupYyIOTCS.

[Ipouiecc MoaenupoBaHusl yCIOBUW AJI TOPEHUS TMPEIBAPUTEIBHO CMELIAaHHBIX
MIaMeHel TPOBOIUIICS B JIA0OPATOPHBIX YCIOBUSX.

VYBenuyeHne CTaOWIBHOCTU IJIAMEHU MPOUCXOAUT MOJA JEUCTBUEM KOPOHHOIO

paspsaa.
N3MeHeHnsT CKOpPOCTH IUJIaMEHU, BBI3BIBAEMBIC AJIEKTPUYECKUM  ITIOJIEM,
MPOUCXOJAT MOJI IEUCTBUEM MMOCTOSIHHOIO TOKA.
UtoObl YCKOPUTH TIPOIIECC TOTYUYEHUS YaCTUL[ CaXH, VCIIOJIB3YETCS

MIPUJI0KEHHOE TIOJIE.

Exercise 5. Translate the following sentences into Russian.

1.

Electric - field - induced modifications of flame geometry have been recently
Investigated.
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2. Recently we have used a kinetic model to simulate microgravity in small diffusion
flames.

3. Similar increases in flame stability have also been observed at fields sufficient to
produce a corona discharge within the flame.

4. However, the mechanisms responsible for the dramatic field-induced effects on
the size and shape of the inner core of some hydrocarbon flames is still not well
understood.

5. Flame extinction limits in premixed flame are also perturbed by DC fields.

6. The effects of pulsed and continuous direct current electric fields on the reaction
zones of premixed propane/air flames have been investigated.

7. The observed increases in flame speed can be caused by the flame front wrinkling.

Exercise 6. Guess the concept based on the definition.

1. A hard type of iron that doesn’t bend easily and is shaped by pouring
the hot liquid metal into a mould.
2. A soft metal from which aluminium is obtained.
3. A natural or artificial compound that consists of large molecules that are made
from combinations of small simple molecules.
4. The measurement in degrees of how cold or hot a thing or place is.
5. The amount of space that an object or a substance fills.
6. Electrical force which is measured in volts.
Exercise 7. Find and correct the mistakes.
Fullerene production

Fullerenes is expect to is one of a first carbon nanomaterials to are wide
employing for various commercial applications. However, none critical factor who
have limited a development in such applications are high cost and limited
availability under fullerenes. Many of this problem is due in the small-scaling, batch
nature of fullerene production use carboning arcs. On contrast, the combustion
method generate soot with an very high yield above fullerenes use a continuous and
easily scalable process. We developed a combustion system who have to produce
fullerenes in  the tons for year scale. Use this system, a laminar premixed flat
sooting low-pressure toluene/ oxygen flame who produced fullerenes were
investigated. When the atomic C/O ratio were high, the fullerene content declined
even though the fuel, pressure, and other combustion conditions was same. On the
other leg, the fullerene content reminded constant when the cold gas velocity were
increased from 0.78 m/sto 1.7 m/s.

Exercise 8. Put the following sentences into Active:
1. The effects of pulsed and continuous direct current electric fields on the
reaction zones of premixed propane/air flames have been investigated by us.
2. Electric - field - induced modifications of flame geometry was reported by
Chattock in 1889.
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. Flame extinction limits in premixed flame are also perturbed by DC.

. Heat transfer was caused by applied field.

Temperature distributions in flames were perturbed by continuous direct

current field.

6. A good overview of this subject was provided by Bradely.

7. A minimal input is required by the observed effects.

8. Kinetic model was used by us to simulate microgravity.

9. Total soot yield was measured by us.

10. A new technique has been developed by us to reach high soot yield.
Text from a scientific article

Journal: Progress in Energy and Combustion Science

Flame configurations

o~

Introduction

This review focuses on flames studies; the conditions in laboratory flames
resemble those in combustors more closely than do the conditions in non-flame
systems such as flow reactors, jet-stirred reactors and shock tubes. The most
important difference, with respect to aromatics formation, is the breadth of the
reactant pool. The non-flame systems usually contain a much smaller set of
hydrocarbons; this makes them ideal for studying specific reaction pathways, but
means that the relative importance of a group of competing pathways can differ from
the case in flames.

Most laboratory flames can be classified as premixed or nonpremixed based on the
mixing state of the reactants. In premixed flames, the fuel and oxidizer mix before the
flame and approach the main reaction front together. In a nonpremixed flame, the
fuel and oxidizer do not mix before the flame and they approach the main reaction
front from opposite sides. Spark-ignition engines contain premixed flames because
the fuel and air are perfectly mixed (in principle) with a flame front propagating
through the mixture. Diesel engines contain nonpremixed flames because the fuel and
air are not well-mixed and regions of evaporating fuel are surrounded by air with a
flame front at the interface between the fuel vapor and air. Roughly speaking,
premixed flames are easier to study, but nonpremixed flames more closely resemble
the combustors where soot forms. This article reviews studies in both configurations;
Section 2 discusses premixed flames and Section 3 discusses nonpremixed flames.

Lesson 9
Part 1
Gerund
The gerund is a very important grammatical peculiarity of scientific and
technical texts. It is formed by adding the ending -ing to the verb: to read —
reading,
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to paln - planning.
The features of the gerund:
1. the gerund as a verb:
a) can have a direct object: carrying out experiments -
IMPOBCACHUC BKCHepI/IMeHTOB;
b) is defined by an adverb: reading books aloud - urenue
KHHT BCiTyX) can have both a simple form (doing) and a compound form (being done,
having done, having been done);
2. the gerund as a noun:
a) possessive pronouns, prepositions and attributes can be before the gerund:
his reading - ero urenue
for measuring - as u3mMepeHus
my sister’s singing - meHue MOel CeCTPHI.
However, there are no articles before the gerund.
Techniques for gerund translation

1. It can be translated by a verb, e.g.: Saying is the one thing but doing is another -
Ckazams - 3TO OIHO, a coenams IPYTroe.

2. It can be translated as a participle, e.g.: By doing nothing we learn to do ill -
Huuero ne 0eraﬂ, MbI YYUMCH ACJIaTh 3J10.

3. It can be translated by a noun, e.g.: We have obtained new results by considering
changes in temperature -MpI MOJTy4HIIM HOBBIE PE3YJILTAThl IIOCPEACTBOM
uccne008anusi I3BMEHEHUM TeMITepaTyphl.

Vocabulary
betain - 6erann to diminish - camxkars
choline - xonuu mercaptan — mepkanTaH

Practice
Translate the following sentences paying attention to the gerund.
1. Seeing is believing.
2. They were against postponing the meeting.
3. Itis worthwhile thinking over the effect I have just described.
4. We were all for starting this experiment.
5. The transfer to a slide for microscope reading requires careful handling.
6. This company started manufacturing synthetic catalyst in 1942.
7. Balancing is done by adjusting the position of the rods.
8. This is done by employing two gas channels.
9. They kept working.
10.Passing carbon vapours over the catalyst gives the moderate yield of
mercaptan.
11. Carrying out this reaction was hindered.
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12. Substituting sulphur for nitrogen in the compounds of betain and choline
types diminishes this effect.

Part 2
Exercise 1. Read and translate the text. Make the summary of the text.

Fine particle toxicity and soot formation

Atmospheric particles can be classified as fine particles or coarse particles. The
fine particles are typically formed by chemical processes such as soot formation,
whereas the coarse particulates are formed by physical processes such as grinding
of soil during road construction. Numerous studies over the past decade, in both
the United States and Europe, have concluded that exposure to fine particles
increases mortality due to heart and lung disease. Since these studies involve real-
world subjects they can’t be completely definitive. However, the results are
reproducible and have withstood considerable scrutiny. Furthermore , the
magnitude is potentially enormous: the toxicity of fine particles may cause up to
60, 000 deaths per year in the United States which is more than either homicide or
traffic accidents (about 15, 000 and 40, 000 annual deaths). Overall, these
considerations have been persuasive enough to cause regulatory action. For
example, the United States Environmental Protection Agency has adopted a new
health effects-based Ambient Quality Standard that limits the maximum allowable
ambient concentrations of fine particles. It estimates that meeting these standards
will cost more than 30 billion US dollars per year and require the development of
the new control technology.

Soot formation is a complex process that involves many chemical and physical
steps. They include: 1) the decomposition of the hydrocarbons in the fuel; 2) the
formation of small aromatic hydrocarbons from decomposition products; 3) the
growth of the small aromatics to the compounds containing larger numbers of
rings; 4) the inception of the small soot particles from the large aromatic
hydrocarbons and 5) the growth of the small particles to the particles with larger
masses. In this review, ‘fuel decomposition’ refers to chemical consumption of the
fuel by any chemical process, including either unimolecular or bimolecular reactions.
The dividing line between the small and large aromatics is ~ 3 benzenoid rings. We
have chosen this value so that the small aromatics are the compounds formed by the
addition of the first new benzenoid ring to the aliphatic, single-ring and two-ring
hydrocarbons that constitute the bulk of combustion fuels, while the large aromatics
are the compounds formed by subsequent growth steps. This division is significant
because the addition of the first new ring is typically the rate-controlling step in soot
production. Furthermore, the mechanisms of the first ring addition are much more
sensitive to the chemical structure of the fuel than subsequent growth steps. All of
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these steps are important research topics. Indeed too much literature exists on each
one to cover them all in a single review. Instead this review will focus on fuel
decomposition and small aromatics formation.

Although fuel decomposition and small aromatics formation constitute only a
small part of the overall soot formation process, they are frequently the rate-
controlling steps and thus they strongly influence the soot concentration in flames.

Vocabulary

soot - caxa

particle - gacruna

fine particle - TOHKOIHUCIIEpCHAs
JacTuIa

coarse particle - kpymHO3epHHUCTas
JacTuIa

grinding - u3MesnpucHHUE

soil - mousa

to withstand - Beimepxathb, IpoTH
decade - necatunerue

scrutiny - TIaTenpHOE W3y4YEHHE,
HCCIIEI0OBAHUE

magnitude - BenmuuHa

homicide - youticTBoO

to adopt - mpuHATH

ambient - BHEIIHSsS cpena, BHCIIHHH,
OKPY KarOIIUI

Exercise 2. Answer the following questions.

1. Why are fine particles toxic?

to estimate - HacuMTBIBATDH, OLIECHUBATh
allowable - momycTumbIii

to require - TpeboBaTh

to prevent - nmpegorBparaTh

lungs - nerkue
mortality - cMmepTHOCTb
data - naunbIie
inception - navaso
aromatic -
COEINHEHNE

benzonoid ring - 6eH30MAHOE KOJIBIIO
value - 3Hauenne

bulk - macca

rate - ckopoctb

apoMaTH4ICCKOC

2. How can atmospheric particles be classified?
3. How are fine and coarse particles formed?
4. What physical and chemical steps does the process of soot formation include ?
5. What is your understanding of the term: “soot formation™?
Exercise 3. Put questions to the bold-typed words.
1. The fine particles are typically formed by chemical processes such as soot

formation.

N

The coarse particles are formed by physical processes.

3. A new health effects-based Ambient Quality Standard limits the maximum
allowable ambient concentrations of fine particles.

o s

year.

6. Soot formation is a complex process

physical steps.

These studies involve real-world subjects.
The meeting of these standards will cost more than 30 billion US dollars per

that involves many chemical and

77



7. In this review, ‘fuel decomposition’ refers to chemical consumption of the fuel
by any chemical process.
8. The small aromatics are the compounds formed by the addition of the first new
benzenoid ring.
9. The mechanisms of first ring addition are very sensitive.
Exercise 4. Translate the following sentences.
1. Atmospheric particles can be two types.
2. Fine particles are formed by chemical processes such as soot formation.
3. Exposure to fine particles can be very dangerous for environment and human’s
health.
4. To prevent the negative impact of fine particles on people’s health the
United States government has adopted new legislation.
To preserve our environment we should meet these standards.
Soot formation includes many stages.
The small aromatics are formed by the addition of the first new benzenoid ring.
The addition of this ring is a very important step in soot production because
this step controls the rate of soot formation.
Exercise 5. Give the equivalents for the following words and make up sentences
with them: to adopt, fine particles, coarse particles, toxicity, standard, ambient, to
cause, mortality, heart, lung, disease, to withstand, scrutiny, soot, grinding, soil,
particle, rate, soot, ring, single-ring, benzenoid ring, aromatic.
Exercise 6. Background can be translated as ochoBa, ocHOBaHme, o011ee
MOJIOXKEHHE, UCXOIHBIN, OCHOBHOM, 00, Translate the following sentences paying
attention to the meaning of the word background.
1. The discussion of thermal interactions is particularly important, and it serves as a
background to the coverage of laser surgery.
2. With the theoretical discussion as a background, an expression for the amount of
solar visible radiation will be derived.
3. The background on holographic microscopy and pattern recognition is not treated
here.
4. The paper presents a concise treatment of major application with more than usual
emphasis on the background physics.
5. The goal of this paper is to present background information about hydrocarbon
flames.
Exercise 7. Put the following sentences into Passive.
1. We have investigated the effect of nonthermal plasma on diffusion flames
experimentally.
2. Yesterday we studied the effects of flame on the behavior of electrical
discharge.
3. Recently we have identified the regime of plasma generation.
4. We have decreased the effect of stream on flame behavior.

N o O
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5. We are measuring the temperature of burnt gases now.
6. Now we are investigating new species.
Exercise 8. Reading check: correct the mistakes in the summary of the text.

Fine particle toxicity and soot formation

Soot establishing is an easy process that involve many mechanical and
physical phases. They include: 1) the collapse of the hydrocarbons in the oil; 2)
the formation of little aromatic hydrocarbons from collapse products; 3) the rise of
the little aromatics to the combinations including bigger numbers of rings; 4) the
beginning of the little soot particles from the bigger aromatic hydrocarbons and
5) the rise of the little particles to the particles with greater masses. In this
review, ‘oil collapse’ refers to physical consumption of the oil by any physical
process, including either organic or inorganic reactions. The dividing band among
the little and great aromatics is ~ 3 benzenoid rings. We choose this meaning so that
the little aromatics are the compounds done by the addition of the first new benzenoid
ring to the aliphatic, single-ring and two-ring hydrocarbons that make up the volume
of burning fuels, while the great aromatics are the combinations made by subsequent
rise steps. This division is significant because the addition of the first new ring is
typically the speed-controlling step in soot obtaining.

Texts from scientific articles

Journal: Progress in Energy and Combustion Science
Studies of aromatic hydrocarbon formation mechanisms in flames
Introduction

This review article concerns the chemical mechanisms of fuel decomposition and
small aromatic hydrocarbon formation in fuel-rich flames. These processes are
essential steps towards soot production, and, in most cases, they are the rate-
controlling steps. Most studies of fuel decomposition and aromatics formation in
flames have used small hydrocarbons such as methane, ethylene and acetylene as
the fuel. However, recent research has begun to close the “gap” between these small
hydrocarbons and the larger, more structurally complex hydrocarbons that constitute
all liquid combustion fuels. We believe that this research has progressed to the point
where a review of its methods and conclusions is appropriate.

Discussion

Soot particles formed in combustors are important for many well-known reasons:
their contribution to radiant heat transfer, their industrial value as pigments and tire
additives, their capacity to clog flow passages, etc. We discuss two recent
developments that provide additional motivation for understanding and reducing soot
formation.

The climate-change community refers to soot particles suspended in the
atmosphere as black carbon. These particles warm the atmosphere directly by
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absorbing sunlight and indirectly by affecting cloud formation. Most other
atmospheric particles, such as sulphates, primarily scatter sunlight and cause
cooling. The magnitude of warming from black carbon is difficult to estimate: the
short atmospheric lifetime of particles causes their concentrations to vary greatly with
time and geographical location. Several recent calculation conclude that the radiative
forcing due to the black carbon is 0.5 — 0.8 W/m?, while other studies put it much
lower. If the larger values are correct, then black carbon plays a critical role in
warming: its forcing would be one-third to one-half of the forcing due to CO,»(1,46
W/m?) and would be larger than the forcing from the second most important
greenhouse gas (CHy4; 0.48 W/m?). This comparison has led several atmospheric
scientists to argue that reducing soot emissions is a better strategy for countering
warming than reducing CO, emissions. Some of the reasons for focusing on soot
include: (1) it has other adverse consequences, whereas warming is the only issue
associated with CO,, (2) its short atmospheric lifetime means that soot reductions will
rapidly affects the global temperature, and (3) it results from combustion inefficiency,
which can be prevented with proper engineering, whereas CO, is an inevitable
product of hydrocarbon combustion.

Lesson 10

Part 1
Functions of the Gerund in a Sentence
In a sentence the gerund can play a few roles.

1. Role of a subject: the gerund is placed before a predicate and translated as a

noun, e.g.: Obtaining cytokines is a stage process. - [TonydeHHe TUTOKUHUHOB - 3TO

CTaUNHBIN

rpoiecc.

2. Role of an attribute: the gerund is placed before the word it belongs to, e.g. : the
melting point. In this case it is translated as a noun: melting point - Temnepatypa
IIJIaABJICHUA.

3. Role of an adverb: the gerund can have a preposition and can be translated as an

adverbial participle, e.g.: Through having investigated new types of polymers we

obtained new materials - MccrmenoBaB CBOMCTBa MOJIMMEPOB, MbI IOJTYYHIN HOBBIE

MaTepHualbl.

4. Role of an object: the gerund is placed before a predicate and can be translated as
a noun, e.g.: The turbulent flow of gases produces cooling - TypOynentHoe
TCUCHHUC I'a30B BbI3bIBACT OXJIAKICHUC.

5. Also the gerund can play the role of the nominal part of a compound predicate.

Such kind of verbs can be:

a) link - verb “to be” which is translated by the words “3akmrouarbes”, “aBAsSTHCS”,

e.g..This technique is to determine the composition of any substance in an exact

Way. - 91O0T MCTOA 3aKIOYacTCd B TOYHOM OIPCACICHHHU COCTaBa JIF000T0

BEIIICCTBA.
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b) Verbs that mean continuation, beginning or interruption of an action: to start,
to continue, to go on, to finish, to keep on, e.g.: The temperature went on rising -
TemnepaTypa mpoaoJDKaJIa YBEIUYNBATHCS.
Also a special attention should be paid to the word combinations after which gerund
Is used:
cannot help - wenw3s (He moxxem He). E.g.: He couldn’t help crying. - On He mor
HC IIJIaKaTh.
It is worth (worthwhile) - crout. E.g.: It is worth seeing it. - D10 cTOUT yBHIETb.
No use - HeT cmbicia, Oecrone3no. E.g.: It is no use considering this method. - He
HMCCT CMBICJIA paCCMATPUBATBL 9TOT MCTO.
Practice

Translate the following sentences paying attention to the gerund. What role does it
play in the sentences ?

1. Appetite comes with eating.

2. A committee has been established for coordinating the nomenclature.

3. From here on, the theory starts evaluating the various alternatives of action in
terms of the objectives.
It is no use of speaking of it.
Upon switching off the current the pressure dropped.
Instead of using chlorine they took bromine.
The new opportunities may make life on this planet much more worth living.
In fact neither shock cooling nor any other method has been found to give an
entirely amorphous product.

9. The heating of metallic surface until sintering occurs invariably.

10. This method is passing hydrocarbon with hydrogen over the catalyst.

11. For convenience in writing these models are represented by the projection

formulas.
12. Using this procedure we were able to reach good results.
13. This process causes increasing the yield of hydrocarbons.
Part 2
Exercise 1. Read and translate the text. Make the summary of the text.
Electroanalysis with chemically modified electrodes

©ONOoOORA

The feasibility of using electrodes with functionalized polymer films for
performing electroanalysis in solution is demonstrated. The proposed approach not
only takes the advantages of the favorable aspects of chemically modified electrodes
(e.g. sensitivity) but also provides many synthetic variations (and therefore) as well
as ways to detect and overcome matrix and saturation effects. The method is based on
the use of copolymer films that incorporate both an electroactive center (used for
inducing precipitation of the polymer on the electrode) and a coordinating site chosen
on the basis of the species. Even though the method is presented in the context of
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electroanalysis of metal ions in solution, this approach could be extended to be
determination of organic functionalities through the appropriate choice of reagents.
Today there is a great need for the development of analytical methods for the
selective and quantitative determination of metal ions and organic contaminants at
trace level, particularly, in the light of new challenges posed by environmental
samples. One field that offers great potential in this respect is that comprised by
chemically modified electrodes. Chemically modified electrodes are very suitable for
electroanalytical applications since they offer high sensitivity. There have been some
reports on the use of chemically modified electrodes for electroanalysis. One of the
first examples of the analytical utility of these modified interfaces was represented by
Lane and Hubbard. In their work they complexed Fe (l1l) ions from the aqueous
solution using a salicylate ligand that was chemisorbed to a platinum surface via an
olefinic group. They furthermore hinted at the possibility of modulating the
coordinative properties of the interface through the control of the electrode potential.
Cheek and Nelson reported on the determination of Ag (I) from the solution using
modified carbon paste electrodes. They reported a truly remarkable detection limit.
M. Oyama and Anson reported on the use of polymer modified electrodes capable of
incorporating metal complexes either by coordination to pyridine groups in the
polymer or electrostatic binding to polycationic or polyanionic polymer films. They
reported that they could incorporate ions from solutions as dilute as 5 x 10® M.
These studies point to the feasibility of using not only metal/ligand interaction but
electrostatic effects for performing electroanalysis.

Cox and Majda incorporated Fe(ll) onto a platinum electrode modified with
absorbed adenosine 5-monophosphate and subsequently determined the amount of
incorporated ions via cyclic voltammetry. Price and Baldwin reported on the use of
ferrocene carboxaldehyde for the determination of aromatic amines absorbed on the
surface of a platinum electrode. They reported the detection limits that are equal to
107 M. These authors also point out the different aspects (such as saturation) that
must be kept in mind when attempting to use these modified interfaces for analytical
PUrposes.

Vocabulary

feasibility - Bo3amMOXHOCTB utility - monesHocTh

copolymer - comonumep interface - KoHTaKTHAs MOBEPXHOCTH
polymer - momumep agueous - BOIHBIH

precipitation - ocaxxaeHue ligand - mwramg

selective - ceeKTHBHBII salicylate - comp wim  3dup
quantitative - KoJIU4eCTBEHHBIMH CaJIMIMIIOBOM KHUCIIOTHI

determination - onpexnencHue platinum — mraruaa

contaminant - 3arpsI3HUTEINb, olefinic group - onedunoBas rpymma
3arps3HAIOIIEE BEIECTBO to incorporate - BKiIrOYATH
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pyridine - mupuauH ferrocene - pepporien

paste electrode - macToBsIif AIIEKTPOA amine - amMmuH
reagent - peareHrt saturation - HaceIIiCHHE
adenosine - aneHO3WH voltammetry- BoibTaMmepomMeTpust

Exercise 2. Answer the following questions.

1.

2.

3.

4.

5.

Why are chemically modified electrodes useful for electroanalytical
applications?

What scientists have already made a report about analytical utility of
chemically modified electrodes?

lons of which chemical element did Lane and Hubbard extract from

the agqueous solution?

What did Cheek and Nelson make a report about?

What electrodes did Oyama and Anson investigate? Why?

Exercise 3. Put questions to the bold-typed words.

1. Today there is a great need for the development of analytical methods for
the selective and quantitative determination of metal ions.

2. The feasibility of using electrodes is demonstrated.

3. The method is based on the use of copolymer films.

4. Cheek and Nelson reported on the determination of Ag (I) from the
solution.

5. Chemically modified electrodes are very suitable for electroanalytical
applications.

6. Electrodes offer high sensitivity.

7. One of the first examples of the analytical utility of these modified
electrodes was represented by Lane and Hubbard.

8. There have been some reports on the use of chemically modified
electrodes.

9. They reported a truly remarkable detection limit.

10.Price and Baldwin reported on the use of ferrocene carboxaldehyde for the
determination of aromatic amines.

11. Amines are absorbed on the surface.

12. These authors also point out the different aspects.

13. Cox and Majda incorporated Fe(ll) onto a platinum electrode.

14. The proposed approach takes only the advantages of the favorable
aspects of chemically modified electrodes.
Exercise 4. Give the equivalents for the following words and make up
sentences with them: utility, sensitivity, film, interface, surface, an
electrode, determination, to be suitable for, reagent, aqueous,
development, to incorporate, ferrocene, to report, amine, saturation,
absorption.

83



Exercise 5. Translate the following sentences.

1.
2.

3.

©oo~N Ok

1.

2.

3.

Analytical methods for the selective and quantitative determination of

metal ions are under development today.

We used salicylate ligand to complex Fe (I11) ions from the agueous

solution.

The determination of Ag (I) ions is a difficult and time-consuming

process.

To define the composition of this substance we used chemically

modified past electrodes.

The sample of soot was placed on the substrate (mommoxka) for further

investigation.

These electrodes have high sensitivity that allows using them in many

spheres.

To study the chemical properties of calcium  we used modified
electrodes.

Cox and Majda incorporated Fe(ll) onto a platinum electrode modified

with absorbed adenosine 5-monophosphate and subsequently determined

the amount of incorporated ions via cyclic voltammetry.

These authors also point out the different aspects (such as saturation)

that must be kept in mind when attempting to use these modified

interfaces for analytical purposes.

10. These electrodes are widely-used for electroanalytical purposes.
Exercise 6. Give the definitions for the following words: an electrode, reagent,
ligand, pyridine, olefinic group.

Exercise 7. Put the verbs in the correct tense form.

Recently new paste electrodes (to develop) in our laboratory.

While John (to research) flame-speed modifications, our research team (to
obtain) a new type of polymer.

Last month Dr. Oyma and his colleagues (to make) a report about their
remarkable experimental results at the conference.

When Stan (come) Dr. Richardson (to research) perturbations of the flame.
This substance (to have) amphoteric properties.

Be oxide (to react) with acids.

These detection limits (to report) by us last year.

This method (to be based) on the use of polymers.

. You just (to make) an interesting offer.

10 The previous results (to be) much better than these ones.

11. We (to discuss) this topic later.

12. He (not to describe) the properties of this element yet.

13. When | (to come) home my parents (to discuss) something very important.
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Exercise 8.
a) Put the words into the gaps: need, organic, trace, use, offer, sensitivity, for,
examples, by, utility, applications, modified, samples, reports.

Utility of chemically modified electrodes

Today there is a great .... . For the development of analytical methods for the

selective and quantitative determination of metal ions and .... contaminants at

level, particularly, in the light of new challenges posed by environmental ... One
field that offers great potential in this respect is that comprised by chemically ...
electrodes. Chemically modified electrodes are very suitable ... electroanalytical ...
since they ... high ... . There have been some ... onthe .... of chemically modified
electrodes for electroanalysis. One of the first ... of the analytical ... of these
modified interfaces was represented ... Lane and Hubbard.
b) Finish the sentences:

Price and Baldwin reported on the use of ...

Chemically-modified electrodes offer ...

Chemically modified electrodes are very suitable for ...

These studies point to the feasibility of ...

This method is based on ...

They complexed Fe (l11) ions from ...
rammar quiz: correct the mistakes:

Cox and Majda incorporated Fe(l1) from a platinum electrode.

They furthermore hintes on the possibility of modulating the coordinative

properties.

There has been some reports for the use of chemically modified electrodes

for electroanalysis.

4. These studies points in the feasibility of use not only metal/ligand
intaraction but electrostatic effects for performing electroanalysis.

d) Reading check: Are these sentences true or false?:

1. Today there is no need for the development of analytical methods for the
selective and quantitative determination of metal ions and organic
contaminants at trace level.

2. Hunter reported on the use of hydrogen for the determination of aromatic

amines absorbed on the surface of a platinum electrode.

Cheek and Nelson reported on the determination of Fe (1) from the solution.

Chemically modified electrodes are very suitable for electroanalytical

applications since they don’t offer high sensitivity.

c)

NEOQOORrLNDE

w
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Texts for educational purposes
Electrochemical processes

Electrochemistry is the study of chemical properties and reactions involving ions
in solution, including electrolysis and electric cells.
Main concepts of electrochemistry.

Electrical double layer is a model of the interface between an electrode and the
solution close to it. In this model a sheet of one type of electrical charge surrounds
the surface of the electrode and a sheet of the opposite charge surrounds the first
sheet in the solution. In the Helmholtz model the double layer is regarded as
consisting of two planes of charge, with the inner plane of ions from the solution
being caused by the charge on the electrode and the outer plane being caused by
oppositely charged ions in the solution responding to the first layer of ions. In the
Gouy - Chapman model (diffuse double layer) thermal motion of ions is taken into
account. Neither model is completely successful since the Helmholtz model
exaggerates the rigidity of the structure of the charges and the Gouy-Chapman model
underestimates the rigidity of the structure. The Stern model improves on both
models by assuming that the ions next to the electrode have a rigid structure, while
taking the second layer to be as described by the Gouy-Chapman model.

Electrochemical equivalent is the mass of a given element liberated from a
solution of its ions in electrolysis by one coulomb of charge.

Electrode is a conductor that emits or collects electrons in a cell, thermionic
valve, semiconductor device, etc. The anode is the positive electrode and the cathode
Is the negative electrode.

Electrode potential is the potential difference produced between the electrode and
the solution in a half cell. It is not possible to measure this directly since any
measurement involves completing the circuit with the electrolyte, thereby introducing
another half cell. Standard electrode potentials are defined by measuring the
potential relative to a standard hydrogen half cell using 1.0 molar solution at 25°C.
The convention is to designate the cell so that the oxidized form is written first. For
example,

Pt(s) | Ho(g)H" (aq) | Zn**(aq) | Zn(s) .The e.m.f. of this cell is -0.76 volt (i.e. the
zinc electrode is negative). Thus the standard electrode potential of the Zn*+| Zn half
cell is-0.76 V.

Electrolyte is a liquid that conducts electricity as a result of the presence of
positive or negative ions. Electrolytes are molten ionic compounds or solutions
containing ions. i.e. solutions of ionic salts or of compounds that ionize in solution.
Liquid metals, in which the conduction is done by free electrons, are not usually
regarded as electrolytes. Solid conductors of ions, as in the sodium-sulphur cell, are
also known as electrolytes.
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Electrolysis is the production of a chemical reaction by passing an electric-current
through an electrolyte. In electrolysis, positive ions migrate to the cathode and
negative ions to the anode. The reactions occurring depend on electron transfer at the
electrodes and are therefore redox reactions. At the anode, negative ions in solution
may lose electrons to form neutral species. Alternatively, atoms of the electrode can
lose electrons and go into solution as positive ions. In either case the reaction is an
oxidation. At the cathode, positive ions in solution can gain electrons to form neutral
species. Thus cathode reactions are reductions.

Electrolysis —law-based methods

Electrodeposition is the process of depositing one metal on another by
electrolysis, as in electroforming and electroplating.

Electrolytic refining is the purification of metals by electrolysis. It is commonly
applied to copper. A large piece of impure copper is used as the anode with a thin
strip of pure copper as the cathode. Copper (I1) sulphate solution is the electrolyte.
Copper dissolves at the anode: Cu — Cu®* + 2e and is deposited at the cathode. The
net result is transfer of pure copper from anode to cathode. Gold and silver in the
impure copper form a so-called (anode sludge at the bottom of the cell, which is
recovered.

Electrolytic separation is a method of separating isotopes by exploiting the
different rates at which they are released in electrolysis. It was formerly used for
separating deuterium and hydrogen. On electrolysis of water, hydrogen is formed at
the cathode more readily than deuterium, thus the water becomes enriched with
deuterium oxide.

Electroplating is a method of plating one metal with another by electrodeposition.
The articles to be plated are made the cathode of an electrolytic cell and a rod or bar
of the plating metal is made the anode. Electroplating is used for covering metal with
a decorative, more expensive, or corrosion-resistant layer of another metal.

Methods based on the movement of charged particles in electric field
(electromigration)

Electrodialysis is a method of obtaining pure water from water containing a salt,
as in desalination. The water to be purified is fed into a cell containing two
electrodes. Between the electrodes there is placed an array of semipermeable
membranes alternately semipermeable to positive ions and negative ions. The ions
tend to segregate between alternate pairs of membranes, leaving pure water in the
other gaps between membranes. In this way, the water being fed is separated into two
streams: one of pure water and the other of more concentrated solution.

Electrophoresis (cataphoresis) is a technique for the analysis and separation of
colloids, based on the movement of charged colloidal particles in an electric field.
There are various experimental methods. In one the sample is placed in a U-tube and
a buffer solution added to each arm, so that there are sharp boundaries between buffer
and sample. An electrode is placed in each arm, a voltage applied and the motion of
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the boundaries under the influence of the field is observed. The rate of migration of
the particles depends on the field, the charge on the particles and on other factors,
such as the size and shape of the particles. More simply, electrophoresis can be
carried out using an adsorbent, such as a strip of filter paper, soaked in a buffer with
two electrodes making contact. The sample is placed between the electrodes and a
voltage applied. Different components of the mixture migrate at different rates, so the
sample separates into zones. The components can be identified by the rate at which
they move. In gel electrophoresis the medium is a gel, typically made of
polyacrylamide, agarose or starch. Electrophoresis, which has also been called
electrochromatography, is used extensively in studying mixtures of proteins, nucleic
acids, carbohydrates, enzymes, etc. In clinical medicine it is used for determining the
protein content of body fluids.

Lesson 11

Part 1
The forms of the Gerund

Indefinite Gerund means that an action occurs simultaneously with an action
expressed by a predicate: active voice.
Perfect Gerund means an action that occurred before an action expressed by a
predicate.
Active Gerund means that a subject does an action expressed by gerund itself.
Passive Gerund means an action which is expressed by gerund and comes to a
subject. E.g.. We know of the work being carried out in the laboratory. - Mzsr
3HaeM, 4TO 3Ty paboTy BBIMOJNHAOT B Jaboparopuu. In this case gerund in
Indefinite form (being carried out) is translated by a verb in Present tense. In
Perfect form it will be translated by a verb in Past tense. E.g.. We know of the work
having been carried out in the laboratory. - MsI 3HaeM, 4TO 3Ty paObOTy BBIMOIHHIN
B JJaOOpaTOpUH.

Practice
Translate the following sentences paying attention to the forms of the gerund.
He avoids being involved in such affairs.
He avoided having been involved in such affairs.
We are interested in the results being obtained by our colleagues.
We are interested in the results having been obtained by colleagues.
This issues deserves being discussed at the conference.
We rely on the data of electrochemical analysis having been obtained
during the experiment.
The solution having been standing for some time turned into ice.
This procedure having been developed by us is finding increasing use.
. These substances being studied by us are common to sulphates.
O The nitro compound obtained in our laboratory is still active.

ook wnE
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11. Solubility parameters being used by many researchers are useful for
selecting solvents.

12. The compound having been added into solution was less reactive.

13. The compounds having been obtained by us are free of admixtures.

14. This is due to the reaction running at a low temperature.

15. 1 like studying electronics.

16. | hate missing lectures.

17. The lecture having been delivered by Prof. Thomson was very interesting.

18. They were busy packing.

19. They started working.

20. The properties of this substance being investigated are of a great
importance for industry.

21. When | came into the room they were discussing his article.

Part 2
Exercise 1. Read and translate the text.
Coal

It has been proved that all coals had their origin in the vegetable matter of
prehistoric forests. The woody fiber and other vegetable matters were transformed
into peat by fermentation due to bacteria. During this process, a great part of oxygen
and hydrogen was eliminated, while the amount of carbon remained practically the
same. Subsequently the peaty matter was changed into coal by a process of
destructive distillation, which had been caused by great pressure and high
temperature. The differences in types of coal can be easily explained by different
conditions during this process of evolution. Among these variable conditions by
which the formation of coal had been affected the following may be mentioned: time,
depth of the bed below the surface of the Earth, and amount of disturbance of the bed
due to the movements of the Earth. So one can say that coal is a brown carbonaceous
deposit that was derived from the accumulation or alteration of ancient vegetation
which originated largely in swamps or other moist environments.

Peat is an intermediate condition between wood and coal. It is often used as fuel
in the Temperate Zone, where it is found in large quantities in the swampy regions. It
is commonly cut into blocks and dried in the air.

Foreign matter was introduced during this movement of the Earth. Coal is
composed of the following principal elements: carbon, oxygen, hydrogen, nitrogen
and sulphur.  As the process of coalification (i.e. the transformation resulting from
high temperatures and pressures) continues there is a progressive transformation of
the deposit: the proportion of carbon relative to oxygen rises and volatile substance
and water are driven out. The various stages in this process are referred to as ranks of
the coal. These ranks are given below.

Lignite or brown coal is soft and brown and has a high moisture content.
Bituminous coal is the name which is usually given to coal containing more than 20
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% of volatile matter. Subbituminous coal is used chiefly by power - generating
stations. Bituminous coal is not susceptible to spontaneous combustion, although
care must be exercised in its storage. Semianthracit coal has a fixed carbon content of
between 86% and 92 % and anthracite coal which is hard and black with a fixed
carbon content of between 92% and 98%. Since there is a wide range of variation in
the characteristics of the bituminous coals, they have been divided commercially into
the following classes: coking, cannel and non-coking. Coking coal upon being burned
gives off gas and tends to fuse together in a pasty mass (coke). Cannel coal has a high
percentage of volatile hydrocarbons, ignites easily and is so valuable as a gas-
producing coal that it is rarely burnt to produce steam. Non-coking coal does not coke
upon being burned and is very extensively used as a fuel to produce steam.

Most deposits of coal were formed during the Carboniferous and Permian
periods. The more recent periods of coal formation occurred during the early Jurassic
and Tertiary periods. Coal deposits occur in all the major continents. The leading
producers include the USA, China, the Ukraine, Poland, the UK, South Africa, India,
Australia, Germany. Coal is used as a fuel in industry.

Vocabulary

coal - yroin to be susceptible to smth. -
vegetable matter - BEIIECTBO IIOJIBEPTaThCs YeMY-JIN00
PaCTUTEIBHOTO IIPOUCXOKICHUSI storage - xpaHeHue

prehistoric - noucTopuyeckuii cannel coal - keHHeTBCKUIT YTOIB
woody fiber - rpeBecHOE BOJIOKHO to give off - BeIACTIATH

peat - Topd to fuse - coeaMHATHCS

fermentation - ¢epmenranus Temperate Zone - yMepeHHBIH MosIC

to eliminate - ynansaTh, U3BIEKaTh to exercise - ucroabp30BaTh

destructive distillation - cyxas swamp - 60;10TO

neperoHKa subbituminous coal -
depth - rryOuna NOJYOUTYMHHO3HBI ~ YrOJib, OypbIid
bed - mracr yroJib

elementary state - mnepBoHaYaNEHOE carboniferous - YTJICHOCHBIH,
COCTOSIHUE KapOOHOBBIN

volatile - JCTYYHH, OBICTPO carbonaceous - KaMEHHOYTOJIbHBIMH,
HCTIAPAOLIUHCS YTIIEPOAUCTBIN

bituminous coal -  GuTyMHHO3HBII Permian - [Tepmckwuii

yToJIb lignite - murauT, OyphId Yyroib

anthracite - anTparur
Exercise 2. Answer the following questions.
1. What process causes the transformation of peaty matter into coal?
2. How can one explain differences in the types of coal?
3. What elements is coal composed of?
4. What is peat?
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5.

What is bituminous coal?

Exercise 3. Put questions to the bold-typed words.

1.
2.

0N OhW

Task
them:

Bituminous coal contains more than 20 % of volatile matter.

Coals have been divided commercially into the following classes: coking,
cannel and non-coking.

Coking coal upon being burned gives off gas.

Cannel coal has a high percentage of volatile hydrocarbons.

Non-coking coal is used as a fuel to produce steam.

Bituminous coal is not susceptible to spontaneous combustion.

Foreign matter was introduced during the movement of the Earth.

Most deposits of coal were formed during the Carboniferous and Permian
periods.

4. Give the synonyms for the following words and make up sentences with
to transform, to exercise, various, to produce, to affect, to give off.

Exercise 5. Give the explanation for the following words: coal, peat, cannel coal,
coking coal, non-coking coal, combustion, fuel, hydrocarbon.

Exercise 6. Put the following words in the gaps: volatile, foreign matters,
bituminous coal, to give off, to produce, to exercise, peat.

1. Ammoniaisa... gas.

2. Concentrated nitric acid ... brown vapors of NO,,

3. Accumulator ... electrical energy.

4. Care should be ... to keep volatile substances.

5. ... contains more that 20 % of volatile matter.

6. ... have been found during excavations that are not characteristic of the
modern landscape of that region.

7. ...1isused to improve garden soil.

Exercise 7. Put the following sentences into Active.

1.

2.

3.

4.

5.
6.

The determination of Ag (I) from the solution using modified carbon paste
electrodes was reported by Cheek and Nelson.

One of the first examples of the analytical utility of these modified interfaces
was represented by Lane and Hubbard.

The use of polymer modified electrodes capable of incorporating metal
complexes was reported by Oyama and Anson.

Subsequently the peaty matter was changed into coal by the process of
destructive distillation.

This volatile matter was obtained by us two year ago.

This process was caused by great pressure and high temperature.

Exercise 8. Make the summary of the text: “Coal” from Ex. 1

91



Texts for educational purposes
Types of fuel

Petroleum is a naturally occurring oil that consists chiefly of hydrocarbons with
some other elements, such as sulphur, oxygen and nitrogen. In its unrefined form
petroleum is known as crude oil (sometimes rock oil). Petroleum is believed to have
been formed from the remains of living organisms that were deposited, together with
rock particles and biochemical and chemical precipitates, in shallow depressions,
chiefly in marine conditions. Under burial and compaction the organic matter went
through a series of processes before being transformed into petroleum, which
migrated from the source rock to become trapped in large underground reservoirs
beneath a layer of impermeable rock. The petroleum often floats above a layer of
water and is held under pressure beneath a layer of natural gas. Petroleum reservoirs
are discovered through geological exploration: commercially important oil reserves
are detected by exploratory narrow-bore drilling. The major known reserves of
petroleum are in Saudi Arabia, Russia, China, Kuwait, Iran, Iraq, Mexico, USA,
United Arab Emirates, Libya and Venezuela. The oil is actually obtained by the
sinking of an oil well. Before it can be used it is separated by fractional distillation in
refineries. The main fractions obtained are:

1. Refinery gas is a mixture of methane, ethane, butane and propane used as a fuel
and for making other organic chemicals.

2. Gasoline is a mixture of hydrocarbons containing from 5 to 8 carbon atoms,
boiling in the range of 40 - 180°C. It is used for motor fuels and for making
other chemicals.

3. Kerosene (or paraffin oil) is a mixture of hydrocarbons having 11 or 12 carbon
atoms, boiling in the range of 160 - 250°C. Kerosene is a fuel for jet aircraft and
for oil-fired domestic heating. It is also cracked to produce smaller hydrocarbons
for use in motor fuels.

4. Diesel oil (or gas oil) is a mixture of hydrocarbons having from 13 to 25 carbon
atoms, boiling in the range of 220 - 350°C It is a fuel for diesel engines.

The residue is a mixture of higher hydrocarbons. The liquid components are
obtained by vacuum distillation and used in lubricating oils. The solid components
(paraffin wax) are obtained by solvent extraction. The final residue is a black tar
containing free carbon.

Classification of fuels

The principal fuels used at present for making steam are coal, coke, wood,
charcoal, peat, mineral oil, natural and artificial gas. All kinds of fuel may, in fact, be
virtually subdivided into three classes: solid, liquid and gaseous. All coals seem to be
derived from vegetable origin and their differences appeared as a result of the varying
conditions under which they were formed. Anthracite coal consists almost entirely of
carbon and inorganic matters; it contains little or no hydrocarbon at all. Some
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varieties appear to approach graphite in their characteristics and are burnt with
difficulty unless at first mixed with other coals. Good anthracite is hard, compact and
lustrous. It burns with very little flame unless it is moist, and gives a very intense fire,
free of smoke. Even when carefully used, it is liable to break up at high temperatures
and, in this way, the fine pieces may be lost with the ash. Semianthracite contains
some hydrocarbon, is less dense than anthracite, ignites at once, and burns readily
with a short flame. Bituminous coals contain a large and varying percents of
hydrocarbons or bituminous matter. Their physical properties and behavior, when
burning, vary widely so that classification is difficult, though at least three kinds may
be distinguished : dry bituminous coals, caking bituminous coals and, at last, long-
flaming bituminous coals. The latter has a strong tendency to produce smoke; some
do and some do not cake at all while burning. Charcoal is made by charring wood; it
is no longer used for making steam but is widely applied for special metallurgical
purposes.

Lesson 12

Part 1
The gerundial constructions
The gerund and the words relating to it form gerundial constructions that usually
begin with a preposition, a possessive pronoun or a noun. Gerundial constructions
can be of two types:
1. Dependent gerundial constructions;
2. Absolute gerundial constructions.
Dependent gerundial constructions
Dependent gerundial constructions are constructions which don’t have a word
denoting a doer before gerund. These gerundial constructions are translated into
Russian by a subordinate clause and gerund itself is translated by a predicate, e.g.:
This polymer differs from that one by having absorption properties - 3Tot momumep
OTJIMYAETCSl OT TOrO T€M, YTO OH 00JaJacT aJCOPOIMOHHBIMU CBOMCTBAMU.
Absolute gerundial constructions
Absolute gerundial constructions are constructions where is a word between a
preposition and gerund. This word denotes a doer. Such kind of
word can be a possessive pronoun or noun in common or possessive case. In
translation of this construction a noun becomes a subject, a gerund becomes a
predicate, e.g.: There is unmistakable proof of Pauling’s having been wrong -
Nmerotcs
HECOMHCHHBIC JO0Ka3aTCJIbCTBA TOT'O, UTO ITomuur OIHI/I6aJ'IC$I.

Vocabulary

impurity - mpumech tetraethyl germanium - rerpastun
powder photograph - pentrenorpadust TepMaHus

MOPOIIIKOB germanium -repmMaHwii

to treat - oOpabatbIBaTh
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germanium tetrachloride - to visualize - nabronaTh,

TETPaXJIOPU TePMaHHUsI IPE/ICTABIIATh

diethylzinc - muaTHIOBEIM IMHK mercury - pTyThb

to agitate - mepememmBaTh antimony - cypema

double bond - nBoitHast cBs3b incompatible - HecoBMecTHUMBII

electron cloud - snekrporHOE 001aKO nitrobenzene - HUTPOOEH30

intermediate phases - mpomexyTodHBIC by-product - moOo4HBIH TPOTYKT

dba3ebl apparent - o4eBHIHBIN

magnetic susceptibility - marauTHas radius - paguyc

BOCIIPUMMYHUBOCTh ammonium cyanate - rimaHaT aMMOHHSI
Practice

Translate the following sentences paying attention to the gerundial constructions.

1. Experiments showed that the starting products did indeed contain impurities.

2. ldentical procedures are followed in preparing the powder photographs.

3. Winkler prepared tetraethyl germanium by treating germanium tetrachloride with
diethylzinc.

4. Having analyzed antimony and mercury properties we came to the conclusion that
they were incompatible .

5. Instead of having a magnetic susceptibility the substance proved to be
diamagnetic.

6. Considering hydrolysis as the first order reaction it is possible to draw some
conclusions.

7. While agitating the mixture no temperature rise was observed.

8. In approaching the double bond the radical may be visualized as a particle
drawing out electron from electron cloud.

9. The possibilities for investigating the electronic structures of intermediate phases
are very promising.

10. They pointed the reaction proceeding via two routes.

11. The extraction process can be economic on the basis of uranium being a by-
product of the superphosphate.

12. Nitrobenzene cannot be heated above 170 ° C with sulphuric acid without
violent decomposition.

13. The reaction must have taken place with the data showing a change in the
infrared region.

14. In aview of the reaction proceeding via other route the results were
different.

15. Care must be taken to prevent moisture from the bottle diffusing into carbon
dioxide tube.

16. On the basis of radius of the boron atom being 0.89 A, the apparent electron
affinity of boron trifluoride was calculated to be 6.1 electron volts.
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17. Under conditions which lead to a significant fraction of ammonium cyanate
being associated as ion-pairs the treatment of the data should be different.

Part 2
Exercise 1. Read and translate the text.
Hydrogen bond

Hydrogen bond is a type of electrostatic interaction between molecules
occurring in molecules that have hydrogen atoms bound to electronegative atoms
(F, N, O). It can be regarded as a strong dipole-dipole attraction caused by the
electron-withdrawing properties of the electronegative atom. Thus, in the water
molecule the oxygen atom attracts the electrons in the O-H bonds. The hydrogen
atom has no inner shells of electrons to shield the nucleus, and there is an
electrostatic interaction between the hydrogen proton and a lone pair of electrons
on an oxygen atom in a neighboring molecule. Each oxygen atom has two lone
pairs and can make hydrogen bonds to two different hydrogen atoms. The
strengths of hydrogen bonds are about one tenth of the strengths of normal
covalent bonds. Hydrogen bonding does, however, have significant effects on
physical properties. Thus it accounts for the unusual properties of water and for
the relatively high boiling points of H,O, HF and NH; (compared with H,S, HC1 and
PHy). It is also of great importance in living organisms. Hydrogen bonding occurs
between bases in the chains of DNA. It also occurs between the C=0 and N-H
groups in proteins and is responsible for maintaining the secondary structure.
Hydrogen bonds are not purely electrostatic and can be shown to have some
covalent character. Bond energy is an amount of energy associated with a bond in a
chemical compound. It is obtained from the heat of atomization. For instance, in
methane the bond energy of the C-H bond is one quarter of the enthalpy of the
process:

CH4(9) — C(g) + 4H(g).

Bond energies (or bond enthalpies) can be calculated from the standard enthalpy of
formation of the compound and from the enthalpies of atomization of the elements.
Energies calculated in this way are called average bond energies or bond-energy
terms. They depend to some extent on the molecule chosen. The C-H bond energy in
methane will differ slightly from that in ethane. The bond dissociation energy is a
different measurement, being the energy required to break a particular bond: e.g. the
energy for the process.

Vocabulary

hydrogen bond - BomopoaHas CBs3b chain - nens

interaction - B3auMmogelicTBHE nucleus (pl. nuclei) - sapo
negative - oTpuIaTeIbHbIH compared with - 1o cpaBHeHUIO
to attract - mpuTsaruBaTh enthalpy - sHTanbmus

to account for - 00BICHATE
Exercise 2. Answer the following questions.
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Rikatelds

What is hydrogen bond?

Where does oxygen atom attract the electrons in the O-H bonds?
What is the strength of hydrogen bond?

Why can’t hydrogen atom shield the nucleus?

. How many lone electron pairs does each oxygen atom have?

ExerC|se 3. Put questions to the bold-typed words.

1.
2.
3.

O NOoO O

The hydrogen atom has no inner shells of electrons.

Hydrogen bonding has significant effects on physical properties.

There is an electrostatic interaction between the hydrogen proton and a
lone pair of electrons on an oxygen atom in a neighboring molecule.
Hydrogen bond is caused by the electron-withdrawing properties.
Hydrogen bonds are not purely electrostatic.

Hydrogen bonding occurs between bases.

These bases are in the chains of DNA.

Hydrogen bond has a covalent character.

Exermse 4. Give the equivalents for the following words and make up sentences
with them: atom, electron, bond, covalent, shell, oxygen, interaction, proton,
boiling point, chain, nucleus, to attract, attraction, lone.

Exercise 5. Put the following words in the gaps: lone, electrons, shell, to shield,
DNA, properties, chain.

1
2
3
4,
5
6

.. are particles that are contained in the atoms of any substances.
. Boron atom in outer ... has three electrons.

. Aluminium has amphoteric ... .

.. Is a carrier of genetic properties of living organisms.

. Hydrogen atom has a ... electron.

e ... his child with his own body.

7. Yesterday my brother gave me a beautiful golden ... .
Exercise 6. Give the explanation for the following words: shell, electron, chain,
DNA, proton, hydrogen bond, covalent bond, oxygen.
Exercise 7. Put the prepositions into the gaps: between, in, to, on, of, by, during,
1. Hydrogen bond is a type ... electrostatic interaction ... molecules.
2. It can be regarded as a strong dipole-dipole attraction caused ... the
electron-withdrawing properties ... the electronegative atom.

> w

o

.. the water molecule the oxygen atom attracts the electrons.
The substance was placed ... the substrate.
Each oxygen atom has two lone pairs and can make hydrogen bonds ... two

different hydrogen atoms.

6. ...

the experiment there were no changes.

Exercise 8. Find and correct the mistakes.
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Ammonium hydrogen carbonate
Hydrogen ammonium carbonate (ammonium bicarbonate) are the white crystal
compound, NH;HCOs. It are formed naturally as a decay product to nitrogenous
matter and are made commercially to various methods: the action in carbon
dioxide and steam under a solution in ammonium carbonate; a heating of
commercial ammonium  carbonate  (which always contained some
hydrogencarbonate); and a interaction to ammonia, carbon dioxide, and water
vapor. It are using to some baking powders now medicine.

Texts for educational purposes
Noble gases

Noble gases (inert gases; rare gases; group 18 elements) is a group of monatomic
gaseous elements forming group 18 (formerly group 0) of the periodic table: helium
(He), neon (Ne), argon (Ar), krypton (Kr), xenon (Xe) and radon (Rn). The electron
configuration of helium is Is%. The configurations of the others terminate in ns’np®
and all inner shells are fully occupied. The elements thus represent the termination of
a period and have closed-shell configuration and associated high ionization energies
(He 2370 to Rn 1040 kj ™) and lack of chemical reactivity. Being monatomic the
noble gases are spherically symmetrical and have very weak interatomic interactions
and consequent low enthalpies of vaporization. The behaviour of the lighter members
approaches that of an ideal gas at normal temperatures; with the heavier members
increasing polarizability and dispersion forces lead to easier liquefaction under
pressure. Four types of compound have been described for the noble gases but of
these only one can be correctly described as compounds in the normal sense. One
type consists of such species as HHe™. He,", Ar,", HeLi", which form under highly
energetic conditions, such as those in arcs and sparks. They are short-lived and only
detected spectroscopically. A second group of materials described as inert-gas-metal
compounds do not have defined compositions and are simply noble gases adsorbed
onto the surface of dispersed metal. The third type, previously described as ‘hydrates'
are in fact clathrate compounds with the noble gas molecule trapped in a water lattice.
True compounds of the noble gases were first described in 1962 and several
fluorides, oxyfluorides, fluoroplatinates, and fluoroantimonates of 'xenon are known.
A few krypton fluorides and a radon fluoride are also known although the short half-
life of radon and its intense alpha activity restrict the availability of information.
Apart from argon, the noble gases are present in the atmosphere at only trace levels.
Helium may be found along with natural gas (up to 7%), arising from the radioactive
decay of heavier elements (via alpha particles).

Equilibrium and equilibrium constant

Equilibrium is a state in which a system has its energy distributed in the

statistically most probable manner: a state of a system in which forces, influences,
reactions and etc. balance each other out so that there is no net change. A body is
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said to be in thermal equilibrium if no net heat exchange is taking place within it or
between it and its surroundings. A system is in chemical equilibrium when a reaction
and its reverse are proceeding at equal rates (see also equilibrium constant). These are
examples of dynamic equilibrium, in which activity in one sense or direction is in
aggregate balanced by comparable reverse activity.

Equilibrium constant for a reversible reaction of the type is the following :

XA +yB < zC+wD.

Chemical equilibrium occurs when the rate of the forward reaction equals the rate
of the back reaction, so that the concentrations of products and reactants reach
steady-state values. It can be shown that at equilibrium the ratio of concentration
Is a constant for a given reaction and fixed temperature, called the equilibrium
constant K¢ (where the ¢ indicates concentrations have been used). Note that, by
convention, the products on the right-hand side of the reaction are used on the top
line of the expression for equilibrium constant. This form of the equilibrium constant
was originally introduced in 1863 by C. M. Guldberg and P. Waage using the law of
mass action. They derived the expression by taking the rate of the forward reaction:
ke [A]"[BY

and that of the back reaction
ko [C]* [D]".

Since the two rates are equal at equilibrium, the equilibrium constant K¢ is the
ratio of the rate constants ks /ky,. The principle that the expression is a constant is
known as the equilibrium law or law of chemical equilibrium.

The equilibrium constant shows the position of equilibrium. A low value of K¢
indicates that [C] and [D] are small compared to [A] and [B]; i.e. that the back
reaction predominates. It also indicates how the equilibrium shifts if concentration
changes. For example, if [A] is increased (by adding A) the equilibrium shifts
towards the right so that [C] and [D] increase, and K¢ remains constant.

For gas reactions, partial pressures are used rather than concentrations. The symbol
Kb is then used. Thus, in the example above
Kp = PCZ PDW/ PAX PBy

It can be shown that, for a given reaction Kp =K<(RT)* where Av is the difference
in stoichiometric coefficients for the reaction (i.e. z + w - X - y). Note that the units
of Kp and K depend on the numbers of molecules appearing in the stoichiometric
equation. The value of the equilibrium constant depends on the temperature. If the
forward reaction is exothermic, the equilibrium constant decreases as the temperature
rises: if endothermic it increases.

The expression for the equilibrium constant can also be obtained by
thermodynamics: it can be shown that the standard equilibrium constant K° is given
by expression (-AG °/ RT), where AGP - is the standard Gibbs free energy change
for the complete reaction.
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Lesson 13

Part 1
The Infinitive
The functions of the infinitive in a sentence

The infinitive is an indefinite form of a verb. In a sentence it can play a few roles:

1. role of a subject: it is usually put at the beginning of a sentence and can be
rendered by the indefinite form of a verb or a noun, e.g.: To think otherwise
would be mistake. - JlymaTs 10 apyromy ObLIO ObI OIIHOKONA.

2. Role of an object: infinitive is put after a predicate and is translated into
Russian by an indefinite form of a verb , e.g.: We try to minimize the old
disadvantages. - MsI cTapaeMcst CBECTH K MUHHUMYMY, paHee HMEBIITHECS
HEIOCTATKH.

3. Role of an attribute: in this case infinitive is put after the word which it relates
to and is translated by a subordinate clause with the word «xotopsrit». E.Q.:
The curves to be presented in Part VV were obtained using this method. -
Kpusblie, koTOpbie ObUIH MPEACTABIEHBI B IJ1aBe V, ObLIN MOJYyYEHbI IPH
IIOMOIIIH 3TOTO METOAA.

4. Role of a parenthetical word: infinitive is usually put at the beginning of a
sentence and has commas. It can be translated by a verbal participle or by an
indefinite form of a verb. E.g. To sum up, we shall present the table. -
[TonBoss UTOT, MPUBEAEM TAOIHILY.

Examples of verbs that play the role of a parenthetical word in a sentence:

To begin with - mpexxae Bcero

To make a long story short - kopoue rosopst
To mention — eciiu ynoMsiHy Th

To put it briefly - xopoue roopst

To put it simply — nporme roBops

Needless to say - HeT HaqOOHOCTH TOBOPUTH
To say nothing of — He roBops yxe

Suffice it to say — mocTaTouHO CKa3aTh

To be exact — Tounee roBops

To sum Up — TOABOJIUTH UTOT.

5. Role of an adverbial modifier: it can be put at the beginning or at the end of a
sentence and be translated by an indefinite form of a verb with the
conjunctions : “4to0sI”, “myst TOro YTOOBI”.

There are two types of adverbial modifiers expressed in the form of infinitive:
a)infinitive of a purpose - this infinitive is put at the beginning of a sentence and has
the following conjunctions: “so as to” - tak 4ToOsI, “in order t0” - a1t TOro 4ToOH!I ,
“to” - utoOm1. It is translated into Russian by an indefinite form of a verb with the
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conjunctions: “c Tem uto0bI”, ”m1st Toro urooObr”. E.Q. : To live long it is necessary
to live slowly. - YToObI )UTH JOITO, HY’KHO KHUTh HE TOPOIISCh.

b)Infinitive of a consequence - this infinitive is put at the end of a sentence and it is
preceded by the following words: “to0” - cnmmkom, “enough” -gocrarodto,
“sufficiently” - mocraTouno, “sufficient” - noctaTounsrii. E.g.. Some people are too
proud enough to admit that they don’t know it. - HekoTopsie 10111 TOCTATOYHO
ropasl, YTOOBI IIPU3HATh, YTO OHHU HC 3HAKOT 3TOTO.

Infinitive of the verbs: “to give” - naBats, “t0 yield” - Be3biBaTh, “t0 provide” -
obecnieunBath, “to form” - oopaszoseiBath Should be translated as a verbal participle,
e.g.. Condensation proceeded as usual to give corresponding compounds -
KOHI[GHC&HI/ISI IMPOTCKaJla OOBIYHBIM IIyTCM, daBasd COOTBCTCTBYIOIINUC COCOANMHCHUA.

Vocabulary
to seek (sought, sought) - rotation - BpareHue
pa3pabaTbiBaTh spectrum (pl. spectra) - crekTp
elution - amoupoBanue enhancement - ycuienue

Practice

Translate the following sentences paying attention to the infinitive,

It is the most difficult to oxidize this substance.

It is a simple matter to record a small wave.

The paper presents a new procedure to prepare these compounds.

It did not take them 2 hours to carry out this reaction.

Compound Il can be hydrolyzed to yield free amine.

A more general theory must be sought to account for these interconversions.

Rotation spectra can be used to measure bond length.

The oxide preparation was closely controlled to minimize chlorides.

To minimize decomposition of the iodine —containing compound, he employed

alkaline hydrolysis.

10. A given fluid is made to flow very slowly into the reaction vessel.

11.This phenomenon causes peaks emerging by elution from the column to be
very asymmetric.

12.The enhancement in the intensity of this band is sufficient to enable
conjugation to be recognized.

©CoNokwNE

Part 2
Exercise 1. Read and translate the text.
Blast furnace

Blast furnace is a furnace for smelting iron ores, such as haematite (Fe,O3) or
magnetite (Fe3O,) to make pig iron. The furnace is a tall refractory-lined
cylindrical structure that is charged at the top with the dressed ore, coke and a
flux, usually limestone. The conversion of the iron oxides to metallic iron is a
reduction process in which carbon monoxide and hydrogen are the reducing
agents. The overall reaction can be summarized thus:
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Fes04 + 2CO + 2H,— 3Fe + 2CO, + 2H,0.

The CO is obtained within the furnace by blasting the coke with hot air from a
ring of tuyeres about two-thirds of the way down the furnace. The reaction
producing the CO is:

2C + 0, — 2CO.

In most blast furnaces hydrocarbons (oil, gas, tar, etc.) are added to the blast to
provide a source of hydrogen. In the modern direct-reduction process the CO and H,
may be produced separately so that the reduction process can proceed at a lower
temperature. The pig iron produced by a blast furnace contains about 4% of
carbon and further refining is usually required to produce steel or cast iron.

Vocabulary

blast furnace - tomenHas neup coke - xokc

to smelt - maBUTh, BHIILJIABIIATH flux - duroc

haematite - KkpacHBIf JKENE3HSK, limestone - uzBecTHsIK

reMaTUT cast iron - ayryn

magnetite - MarHeTUT, MarHUTHBIH to obtain - mosryuars

KEIIE3HSK tuyere - dbypma

refractory - orHeymopHsIii, orHeymop, pig iron - 9yryH B 4ymkax
OTHEYTOPHBIA MaTepuall tar - nerorp

lined - ¢pyTepoBanHbIH blast - nytee, popcupoBanHas Tsra

dressed - o6paboTaHHBIH
Exercise 2. Answer the following questions.
1. What is blast furnace used for?
2. How is CO obtained in blast furnace?
3. What is an appearance of blast furnace?
4. Why are hydrocarbons added to the blast in most blast furnaces?
5. What alloys does blast furnace produce?
Exercise 3. Put questions to the bold-typed words.
1. Blast furnace is a furnace for smelting haematite (Fe,03).
2. The conversion of the iron oxides to metallic iron is a reduction process.
3. In most blast furnaces hydrocarbons (oil, gas, tar, etc.) are added to the
blast to provide a source of hydrogen.
The reduction process can proceed at a lower temperature.
The pig iron contains about 4% of carbon.
Further refining is usually required to produce steel or cast iron.
. The furnace is a tall refractory-lined cylindrical structure.
Exermse 4. Give the equivalents for the following words and make up sentences
with them: refractory, lined, dressed, ore, magnetite, furnace, blast, reduction,
hydrocarbon, to smelt, flux, tar, limestone.
Exercise 5. Put the following words in the gaps: blast furnace, to obtain,
reduction, hydrocarbons, cast iron, pig iron, refractory.

\‘.@.U".h
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1. To take out the metal we have melted iron ore in... .
2. We have converted iron oxide to metallic iron by ... .
3. Pigiron can be ... at high - temperature melting.
4. ... 1s ahard type of iron that does not bend easily.
5. ... isaform of iron that is not pure.
6. There are various ... found in natural gas and petrol.
7. ... materials are fire-resistant materials.
Exercise 6. Guess the concept based on the definition.
1. A substance that allows heat or electricity to pass through it.
2. A colorless gas that is the lightest of all chemical elements. It combines with
oxygen to form water.
3. Ayellow precious metal which is used for making coins, jewellery, ornaments.
4. The smallest part of a chemical element that can take part in a chemical
reaction.
5. Astrong hard metal that is made of the mixture of iron and carbon.
6. A chemical element found in all living organisms and existing in a pure state as
graphite or diamond.
Exercise 7. Put the following sentences into Passive.
1. Yesterday we bought a new blast furnace.
2. Now we are testing new equipment.
3. We added hydrocarbons to the blast to provide a source of hydrogen.
4. We used new technique to increase the yield of hydrocarbons.
Exercise 8. Make the summary of the text: “Blast furnace” from Ex. 1.

Texts for educational purposes
Types of burner

Bunsen burner is a laboratory gas burner having a vertical metal tube into which
the gas is led, with a hole in the side of the base of the tube to admit air. The amount
of air can be regulated by a sleeve on the tube. When no air is admitted the flame is
luminous and smoky. With air, it has a faintly visible hot outer part (the oxidizing
part) and an inner blue cone where combustion is incomplete (the cooler reducing
part of the flame). The device is named after Robert Bunsen, who used a similar
device (without a regulating sleeve) in 1855.

Oxyacetylene burner is a welding or cutting torch that burns a mixture of oxygen
and acetylene (ethyne) in a specially designed jet. The flame temperature of about
3300°C enables all ferrous metals to be welded. For cutting, the point at which the
steel is to be cut is preheated with the oxyacetylene flame and a powerful jet of
oxygen is then directed onto the steel. The oxygen reacts with the hot steel to form
iron oxide and the heat of this reaction melts more iron, which is blown away by the
force of the jet.
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Catalytic reactions

Catalysis is the process of changing the rate of a chemical reaction by use of a
catalyst.

Catalyst is a substance that increases the rate of a chemical reaction without itself
undergoing any permanent chemical change. Catalysts that have the same phase as
the reactants are homogeneous catalysts (e.g. enzymes in biochemical reactions or
transition-metal complexes used in the liquid phase for analyzing organic reactions).
Those that have a different phase are heterogeneous catalysts (e.g. metals or oxides
used in many industrial gas reactions). The catalyst provides an alternative pathway
by which the reaction can proceed, in which the activation energy is lower. It thus
Increases the rate at which the reaction comes to equilibrium, although it does not
alter the position of the equilibrium. The catalyst itself takes part in the reaction and
consequently may undergo physical change (e.g. conversion into powder). In certain
circumstances, very small quantities of catalyst can speed up reactions. Most catalysts
are also highly specific in the type of reaction they catalyse, particularly enzymes in
biochemical reactions. Generally, the term is used for a substance that increases
reaction rate (a positive catalyst). Some reactions can be slowed down by negative
catalysts.

Catalytic converter is a device used in the exhaust systems of motor vehicles to
reduce atmospheric pollution. The three main pollutants produced by petrol engines
are: unburnt hydrocarbons, carbon monoxide produced by incomplete combustion of
hydrocarbons, and nitrogen oxides produced by nitrogen in the air reacting with
oxygen at high engine temperatures. Hydrocarbons and carbon monoxide can be
controlled by a higher combustion temperature and a weaker mixture. However, the
higher temperature and greater availability of oxygen arising from these measures
encourage formation of nitrogen oxides. The use of three-way catalytic converters
solves this problem by using platinum and palladium catalysts to oxidize the
hydrocarbons and the CO and rhodium catalysts to reduce the nitrogen oxides back to
nitrogen. These three-way catalysts require that the air-fuel ratio is strictly
stoichiometric. Some catalytic converters promote oxidation reactions only, leaving
the nitrogen oxides unchanged. Three-way converters can reduce hydrocarbons and
CO emissions by some 85%, at the same time reducing nitrogen oxides by 62%.

Texts from scientific articles
Journal: Combustion and flame
Gas phase chemistry in catalytic combustion of methane/air
mixtures over platinum at pressure of 1 to 16

Abstract

The gas-phase combustion of fuel-lean methane/air premixtures over platinum
was investigated experimentally and numerically in a laminar channel-flow catalytic
reactor at pressures 1 bar<p<16 bar. In situ, spatially resolved one-dimensional
Raman and planar laser induced fluorescence (LIF) measurements over the catalyst
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boundary layer were used to assess the concentrations of major species and of the
OH radical, respectively. Comparisons between measured and predicted
homogeneous (gaseous) ignition distances have led to the assessment of the validity
of various elementary gas-phase reaction mechanisms. At low temperatures
(900<T<1400°K) and fuel-to-air equivalence ratios (0.05<¢< 0.50) typical to
catalytic combustion systems, there were substantial differences in the performance
of the gaseous reaction mechanisms originating from the relative contribution of the
low- and the high-temperature oxidation routes of methane. Sensitivity analysis has
identified the significance of the chain-branching reaction CHO+M=CO+H+M on
homogeneous ignition, particularly at lower pressures. A gas-phase reaction
mechanism validated at 6 <p< 16 bar has been extended to 1 bar <p< 16 bar, thus
encompassing all catalytic combustion applications. A reduced gas-phase
mechanism was further derived, which when used in conjunction with a reduced
heterogeneous (catalytic) scheme reproduced the key catalytic and gaseous
combustion characteristics of the full hetero/homogeneous reaction schemes.

Experimental

Four different C1/H/O gas-phase mechanisms were investigated, which included
the part of C2 chemistry that led to recombination of C1 radicals to C2 species. The
mechanisms are further denoted as Warnatz-Maas, Warnatz et.al. and Leeds. The
species transport properties were calculated from the Chemkin database. Each of the
mechanisms in Refs. [22,35,36] was provided with its own thermodynamic data had
the same thermo data as Warnatz. It is emphasized, however, that the discrepancies in
the predictions with the above schemes (see next section) predominantly reflected
kinetic and not thermodynamic differences; this was verified by interchanging the
thermodynamic databases of the different mechanisms. Gas-phase and surface
reaction rates were evaluated using Chemkin and Surface-Chemkin respectively. A
set of
hetero/homogeneous schemes will be further denoted by the assigned names of its
components, for example, Deutschmann/Warnatz schemes. Finally, the prefixes S
and R will denote a surface and a gaseous reaction, respectively.

Conclusions

The homogeneous ignition of fuel-lean ( 0.31 < ¢ < 0.40) methane/air mixtures
over platinum was investigated in the pressure range 1 bar < p < 16 bar, which
encompasses all practical catalytic combustion systems. In situ nonintrusive
measurements of major species and trace species concentrations over the catalyst
boundary layer of a channel-flow reactor were compared against detailed numerical
predictions with elementary hetero/homogeneous chemical reaction schemes. The
following are the key conclusions of this study. It was also shown that crucial in the
performance of the gaseous schemes was the correct prediction of the minimum
equivalence ratio above which the self-inhibited ignition behavior of methane was
maintained. Finally, notwithstanding the ultra fuel-lean conditions, C2 chemistry
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could not be ignored. In particular, the inclusion of the radical recombination reaction

CH;+CH3=C,Hg was necessary for accurate homogeneous ignition predictions.

Lesson 14
Part 1l
The Forms of The Infinitive
Form \Voice \Voice
Active voice Passive voice
Indefinite To write To be written
Perfect To have written To have been written
Continuous To be writing To be being writing
Perfect continuous To have been writing To have been being
written

Indefinite Infinitive expresses the action that takes place at the same time with a
predicate or the action that will happen in future. It is translated by the verb in
Present Simple or in Future Simple. E.g.: | have never known him to take an active
part in the work — 5l Hukora He 3HaJ, YTO OH NPUHUMAET AKTHBHOE YYaCTHE B
sToi padote. We expect him to carry out this experiment - MbsI oxugaeM, 4to OH
IIPOBCACT 3TOT SKCIICPHUMCHT.
Perfect infinitive expresses an action that took place earlier . It is translated into
Russian by a verb in Past Simple. E.g.: Such information is unlikely to have been
available from the user — ManoBeposTHO, uTO Takas HH(OpPMAaIKs OblLia MOJTyuYeHa
OT IIOJb30BaTCIIA.
Continuous Infinitive expresses the action that takes place at the given moment,
e.g:. | know her to be working at this problem — 41 3Hato, 4to oHa paboTaeT Haa ITOU
poOJIEeMOii.

The Use of The Infinitive with a Verb
1.Infinitive with “to™: it is put after to be and is translated as : 3akmouaercs B ToMm,
4yto0b1, 3HaunT. E.Q.: TO do two things at once is to do neither. - Jlenate nBa nena
OJHOBPCMCHHO, 3HAYUT HC ACJIaTh HHU OJHOIO.
2.Infinitive without “to” is used after the modal verbs and Future Simple.
3.Infinitive after “have to” and “to be to” is translated as: “nomxen”, “nyxHno”. E.g.:
The question has to be settled. - Bonpoc Hy>xHO pemuts. Friendship is not to be
bought. - JIpyx0y Henb3s KymuTb.
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Practice
Translate the following sentences paying attention to the infinitive.
1.To choose time is to save time.
2.The interval is to be measured.
3.These reactions can be classified into three types.
4.1t did not take them more than two hours.
5.A more general theory must be sought to account for these interconversions.
6.This experiment will be carried out next month.
7. Bromide may be treated with potassium iodide.
8.To understand is to forgive.
9.1t is necessary to observe a number of precautions.
10.The reaction of hydrogen with carbon to produce methane is not of a great
Importance at the moment.
11.An effort was made to obtain xenon isotherms at low temperatures.
12.The formation of trimethylene oxide may be assumed to arise from a
simultaneous shift of electrons.

Part 2
Exercise 1. Read and translate the text.
The rusting of metals

It has long been known that metals can pass from a metallic to an earthy form.
One must be careful not to expose unprotected iron to the open air, as under the
influence of atmospheric conditions the outer layer of the iron quickly changes into a
reddish crust called the rust. One can easily find that this new material differs from
iron. The rust is very brittle, it is much lighter than iron and it is not attracted by a
magnet. It was early observed that, although the specific gravity of the earthy product
was less than that of the metal, yet there was a much greater bulk of it, and that, in
fact, the earthy material weighed more than the original specimen of the metal.

It was Lomonosov who first proved that the extra material came from the air. He
placed some tin in a flask and sealed up the mouth of the vessel. The tin was heated
and converted into the white powder. Upon weighing the apparatus it was found that
no change in weight occurred. It turned out, however, that when the mouth of the
flask was opened, a good deal of air rushed in and the total weight was then greater.
A portion of the original air had joined itself with the tin to form the powder.

Eighteen years later the same experiment was made and the same conclusion
was drawn from it by Lavoisier. He named the gas taken from the air, oxygen. It is
possible to confirm these conclusions in various ways. For example, when the air is
pumped out of the flask before it is sealed, the metal can be heated in the vacuum
indefinitely without rusting. Thus it can be seen that fundamentally rusting is the
process in which metals oxidize and form compounds. It has been estimated that
more than 25 % of the annual production of iron in the USA is consumed in replacing
other iron that has been rendered unserviceable by rusting.
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It is necessary, therefore, to wage a constant battle against this chemical process
and our immediate concern is how to take care of metallic devices and structures
once they enter our possession. We try to prevent or reduce rusting by various means,
such as electroplating, painting or otherwise treating the metals that are susceptible to
attack of this harmful action.

Vocabulary

rust - p>kaBYrHa, KOPPO3US to seal - 3aneuaTrIBaTH
light - nerkmii vessel - cocyn
specific gravity - ynenbHbIH Bec powder - mopoIioK
specimen - oOpaserr annual - exxeroHbIi
flask - xon0a

Exercise 2. Answer the following questions.

1. What is your understanding of rusting?
2. What is the reason for rust?
3. What measures are taken to prevent rusting of metals today?
4. Who proved that the extra material came from the air?
5. Do you know any scientists in your country who are dealing with the problem
of rusting?
Exercise 3. Put questions to the bold-typed words.
1. He placed some tin in a flask.
2. He named the gas taken from the air, oxygen.
3. Eighteen years later the same experiment was made.
4. The tin was heated and converted into the white powder.
5. A portion of the original air had joined itself with the tin to form the
powder.
Upon weighing the apparatus it was found that no change in weight
occurred.
7. The rust is much lighter than iron.
8. Itis necessary to wage a constant battle against this chemical process.
9. When the mouth of the flask was opened, a good deal of air rushed in.
10. One can easily find that this new material differs from iron.
11. The rust is not attracted by a magnet.
12. It is possible to confirm these conclusions in various ways.
Exercise 4. Give the equivalents for the following words and make up sentences
with them: vessel, flask, tin, metal, rust, powder, light, to prevent, air, annual,
specimen, flask, device, to draw a conclusion.
Exercise 5. Match the beginnings of the sentences with the endings.
1. Oxygenisa a) reduce rusting by various means.
2. Upon weighing the material b) was about 25 % .
3. Annual production of cast iron c) gas taken from the air.
4. We have obtained d) we have determined its composition.

o
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The rust is e) a white powder.

The metal f) very brittle.
We prevented to g) was heated.
This experiment h) from iron.

. This new material differs 1) was made again.

Exeruse 6. Guess the concept based on the definition.

A chemical compound which is usually a liquid that contains hydrogen and has
pH of less than seven.

A colorless gas that is present in water and air and is necessary for people,
animals, plants to live.

A hot bright steam of burning gas that comes from something is on fire.

A metal that is formed by mixing two types of metals together.

A chemical change produced by two or more substances acting on each other.

. A substance which is used to cause chemical reaction.

1.

no

mo o s w

1.
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xercise 7. Make the following sentences negative and interrogative.

Eighteen years later the same experiment was made and the same conclusion
was drawn from it by Lavoisier.

He named the gas taken from the air, oxygen.

The rust is very brittle.

This colorless gas is present in water.

A portion of the original air had joined itself with tin to form the powder.

We try to prevent or reduce rusting by various means.

It was Lomonosov who first proved that the extra material came from the air.
It has long been known that metals can pass from a metallic to an earthy form.

It is possible to confirm these conclusions in various ways.

Exercise 8.:

agbrwhE

a) Grammar quiz: find and correct the mistakes:
When the air was pumped out the flaks was sealed.
While | watched TV, she did her homework.

When | returned home she went away.

When vegetation decomposed peat was formed.
Before | went to London | learnt English.

b) Divide the following sentences into a few simple sentences:

1. Itis necessary, therefore, to wage a constant battle against this chemical

process and our immediate concern is how to take care of metallic devices
and structures once they enter our possession.

2. Eighteen years later the same experiment was made and the same conclusion

was drawn from it by Lavoisier.
c) Paraphrase the following sentence: It was Lomonosov who first proved that
the extra material came from the air.
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Scientific Research
Carbon cycle

One of the major cycles of chemical elements in the environment is carbon cycle.
Carbon (as carbon dioxide) is taken up from the atmosphere and incorporated into the
tissues of plants in ‘photosynthesis. It may then pass into the bodies of animals as the
plants are eaten. During the respiration of plants, animals, and organisms that bring
about decomposition, carbon dioxide is returned to the atmosphere. The combustion
of fossil fuels (e.g. coal and peat) also releases carbon dioxide into the atmosphere.

In physics it is a series of nuclear reactions in which four hydrogen nuclei combine
to form a helium nucleus with the liberation of energy, two positrons, and two
neutrinos. The process is believed to be the source of energy in many stars and to take
place in six stages. In this series carbon-12 acts as if it were a catalyst, being
reformed at the end of the series.

Carbon dating

Carbon dating (radiocarbon dating) is a method of estimating the ages of
archaeological specimens of biological origin. As a result of cosmic radiation a small
number of atmospheric nitrogen nuclei are continuously being transformed by
neutron bombardment into radioactive nuclei of carbon-14;

14/7N + n — 14/6C + p.

Some of these radiocarbon atoms find their way into living trees and other plants in
the form of carbon dioxide, as a result of photosynthesis. When the tree is cut down
photosynthesis stops and the ratio of radiocarbon atoms to stable carbon atoms begins
to fall as the radiocarbon decays. The ratio **C/**C in the specimen can be measured
and enables the time that has elapsed since the tree was cut down to be calculated.
The method has been shown to give consistent results for specimens up to some
40 000 years old, though its accuracy depends upon assumptions concerning the past
intensity of the cosmic radiation. The technique was developed by Willard F. Libby
and his coworkers in 1946-47,

Acid rain

Acid rain is precipitation having a pH value of less than about 5.0, which has
adverse effects on the fauna and flora on which it falls. Rainwater typically has a pH
value of 5.6, due to the presence of dissolved carbon dioxide (forming carbonic acid).
Acid rain results from the emission into the atmosphere of various pollutant gases, in
particular sulphur dioxide and various oxides of nitrogen, which originate from the
burning of fossil fuels and from car exhaust fumes, respectively. These gases dissolve
in atmospheric water to form sulphuric and nitric acids in rain, snow or hail (wet
deposition). Alternatively, the pollutants are deposited as gases or minute particles
(dry deposition). Both types of acid deposition affect plant growth - by damaging the
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leaves and impairing photosynthesis and by increasing the acidity of the soil, which
results in the leaching of essential nutrients. This acid pollution of the soil also leads
to acidification of water draining from the soil into lakes and rivers, which become
unable to support fish life. Lichens are particularly sensitive to changes in pH and can
be used as indicators of acid pollution.

Lesson 15

Part 1
Infinitive constructions

Infinitive and words relating to it can form infinitive constructions. There are
two types of infinitive constructions.

Dependent infinitive constructions - are constructions where are no words
denoting a doer before infinitive. These constructions are translated by a
subordinate clause where infinitive becomes a predicate.

E.g.: The Combustion Problem Institute claimed to have obtained pure fusicocsine .
- Corpynnuku UuctutyTta [Ipodiiem ['opeHns yTBEp:KIal0T, YTO OHU MOy YHJIH
YUCTBIA (PY3MKOKIIKH.

Absolute infinitive construction: absolute infinitive is placed at the end of the
sentence. It is translated by a subordinate clause with the conjunctions: “npuuem”,
“rak xak”. E.g.: We asked him to help us, the work to be done in a week - Msr
MOMPOCUJIM €T0 MIOMOYb HaM, MaK Kak paboTta do/dicHa Obimb coelana 4depes
HEACIIIO.

Practice
Translate the following sentences paying attention to the infinitive constructions.
1. The product has been proved to affect the overall yield.
2. The data have been admitted to be incorrect.
3. Tests were scheduled to start in 1967.
4. This hydrolysis is taken to follow the above scheme.
5. The reactions was found to lead to low yields.
6. We proved this suggestion to be wrong.
7. There are two approaches to the solution of this problem, one to be used in
analytical investigations, the other in simulation.

Part 2
Exercise 1. Read and translate the text.
Alloys and types of alloys

Generally speaking, metals are the most useful in the form of alloys. Around 30
metallic elements serve modern needs, but over five thousand alloys are known and
hundreds of them are in common uses. Sizable amounts of certain metals are
convertible into compounds of a great importance. Brass, bronze, pewter and
stainless steel are examples of alloys. In general, alloys are formed when two or
more metals are melted together and the mixture is allowed to cool and solidify.

110



Alloys may also contain certain nonmetals such as carbon, sulphur, arsenic,
phosphorous and silicon.

The main reason why so many different alloys are prepared is that modern
industry requires metals with certain properties or certain combinations of properties
which no metallic element in the pure state can provide. Metallurgists attempt to
regulate both physical and chemical properties of metals through the preparation of
alloys. Various kinds of stainless steel illustrate alloys whose chemical properties
help them to resist the action of acids and the corroding agents of the atmosphere.
Some of the metals used in automobile and aircraft engines, particularly in valves,
should be able to withstand extremely high temperatures. Even now, improvements in
the gas turbine or jet engine may well depend on the development of new improved
heat-resisting alloys.

The aircraft industry needs metals that combine great strength with light weight.
Many other industries have their own particular needs for metals with certain
chemical and physical properties. All this should give you a pretty good idea of why
alloys have been described as «metals made to order». Alloys may be classified in
several ways. They can be classified according to composition, uses or notable
properties. According to composition, we have ferrous alloys (those which contain
iron) and nonferrous alloys (those which do not contain iron). The former group
includes all the various kinds of steel - ordinary steels as well as alloy or special
steels.

The nonferrous alloys are further subdivided according to the predominant or base
metal. Thus we have alloys in which aluminium, lead, copper, gold, silver, or any
other metal except iron makes up the largest per cent of any constituent. In the
terms of uses, there are antifriction alloys and solders. Groups of alloys based upon
distinctive properties include the lightweight alloys and low melting point alloys.

Speculum is an alloy of copper and tin formerly used in reflecting telescopes to
make the main mirror as it could be cast, ground, and polished to make a highly
reflective surface. It has now been largely replaced by silvered glass for this purpose.
steel Any of a number of alloys consisting predominantly of iron with varying
proportions of carbon (up to 1.7%) and, in some cases, small quantities of other
elements (alloy steels), such as manganese, silicon, chromium, molybdenum and
nickel. Steels containing over 11-12% of chromium are known as stainless steels.
Solder is an alloy used to join metal surfaces. A soft solder melts at a temperature in
the range 200-300°C and consists of a tin-lead alloy. The tin content varies between
80% for the lower end of the melting range and 31% for the higher end. Hard solders
contain substantial quantities of silver in the alloy. Brazing solders are usually alloys
of copper and zinc, which melt at over 800°C.

Phosphor bronze is an alloy of copper containing 4% to 10% of tin and 0.05% to 1%
of phosphorus as a deoxidizing agent. It is used particularly for marine purposes and
where it is exposed to heavy wear, as in gear wheels.
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German silver is an alloy of copper, zinc, and nickel, often in the proportions 5:2:2.
It resembles silver in appearance and is used in cheap jewellery and cutlery and as a
base for silver-plated wire.

Babbitt metal is any of a group of related alloys used for making bearings. They
consist of tin containing antimony (about 10%) and copper (1-2 %), and often lead.
The original alloy was invented in 1839 by the US inventor Isaac Babbit (1799-
1862).

Brass is a group of alloys consisting of copper and zinc. A typical yellow brass might
contain about 67 % of copper and 33 % of zinc.

Bronze is any of a group of alloys of copper and tin, sometimes with lead and zinc
present. The amount of tin varies from 1 % to 30 %. The alloy is hard and easily
cast, and extensively used in bearings, valves and other machine parts. Various
improved bronzes are produced by adding other elements; for instance phosphor
bronze contain up to 1% of phosphorous. In addition certain alloys of copper and
metals other than tin are called bronzes - aluminium bronze is a mixture of copper
and aluminium. Other special bronzes include bell metal, gun metal, beryllium
bronze. Beryllium bronze is a hard, strong type of bronze containing about 2%of
beryllium, in addition to copper and tin.

Cast iron is a group of alloys containing 1.8 to 4.5% of carbon. It is usually cast into
specific shapes ready for machining, heat treatment or assembly. It is sometimes
produced direct from the blast furnace or it may be made by from remelted pig iron.
Pewter is an alloy of lead and tin. It usually contains 63% of tin. Pewter tankards and
food containers should have less than 35% of lead so that the lead remains in solid
solution with tin in the presence of weak acids in the food and drink . Copper is
sometimes added to increase ductility and antimony is added if a hard alloy is
required.

Vocabulary

brass - natyHs solder - mpunoi

pewter - mprOTEp, CIUIaB 0JIOBA CO antifriction alloy - anTudpukImoHHbIIH
CBHHIIOM, CIUIaB Ha OJIOBSHHOM OCHOBE CILIaB

mixture - cmMechb to be in common use - mmpoKo

to melt - mnaBuThH HCIIOTh30BaTHCS

to cool - oxnaxxnath engine - aBUraTeb

arsenic - MpIIbIK lead - cBuHEn

ferrous alloys - crmaBel YepHBIX German silver - Heismibsoep
METaJLIOB cutlery — cronoBbie prbGOpsI

non ferrous alloys - crutaBel LBETHBIX Babbit - 6a06uT

METaJIJIOB Brazing solders — TBepapiit

valve - knamax (TyroraaBKui) MPHITO#

heat —resisting alloy - >kapocToiikuii assembly -coopka

CILIaB heat treatment — TepmooOpadoTKa
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Exercise 2. Answer the following questions.

1. How many alloys are in a common use today?

2. What nonmetals do alloys contain?

3. What is the reason for the preparation of different alloys?

4. How are alloys classified?

5. Where are alloys used?
Exercise 3. Put questions to the bold-typed words.

1. Around 30 metallic elements serve modern needs.

2. According to composition we have ferrous alloys and nonferrous alloys.

3. Alloys may contain carbon.

4. The nonferrous alloys are subdivided into the predominant or base metals.

5. Metallurgists attempt to regulate both physical and chemical properties of

metals through the preparation of alloys.
6. Sizable amounts of certain metals are convertible into compounds of a
great importance.

7. Some of the metals are used in automobile and aircraft engines.
Exercise 4. Give the equivalents for the following words and make up sentences
with them: nonferrous alloy, ferrous alloy, base metal, modern, aircraft, lead, engine,
stainless steel, mixture, to melt.
Exercise 5. Give the definitions for the following concepts: alloy, lead, ferrous alloy,
nonferrous alloy, pewter, brass.
Exercise 6. Put the following words in the gaps: systematic, to form, ultraviolet
radiation, hydrocarbons, butane, pentane, natural gas, halogens, soda lime, high-
molecular.

Alkanes (paraffins)

Alkanes are saturated ... with the general formula C,Hj,., . In ... chemical
nomenclature their name ends with suffix —ane. They ... homologous series
methane (CH,), ethane (C,Hs) , propane (CzHg), ... (CsHy), ... (CsHy).

The lower members of the series are gases. ... alkanes are waxy solids. Alkanes are
present in ... and petroleum. They can be made by the heating of sodium salt of a

carboxylic acid with ... . Other methods include Wurtz reaction, Kolbe’s method.
They ... haloalkanes with ... when they are irradiated with ... .
Notes to the text:

high-molecular weight - BeIcOKOMOJIEKYJISIPHBIH

soda lime - HaTpoHHAs U3BECTh

unsaturated - HeHaCBIIIIEHHBIN

carboxylic acid - kapOGoHoBas KucjaOTa

ultraviolet radiation - ynerpaduoneroBoe usnydeHue

Exercise 7. Make the summary of the text: “Alloys” from Ex. 1.
Exercise 8. Find and correct the mistakes.
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Copper
Coper are aredbrown transition element; a.n. 29; r.a.m. 63.546; r.d. 8.92; m.p.
1083.4°C; b.p. 2567°C. Copper was extracted for thousands of years; it was knowed
to Roman like cuprum, a title linked to a island of Cyprus. The metal are
malleable and ductile and a excellent conductor of het and electricity.
Copercontaining minerals included cuprite (Cu,0O) as well as azurite
(2CuCO03.Cu(OH),), chalcopyrite (CuFeS,), and malachite (CuCO;.Cu(OH),). Native
copper appear on isolated pockets on some parts to the world. The large mines on the
USA, Chile, Canada, Zambia, Congo, and Peru extrat ors containing sulphids,
oxids, and carbonats. They was usually worked in smelting, leaching, and
electrolysis. Copper metal are used make elctric cables and wires. Its alloys, bras
(coperzinc) and bronz (copertinn) is using extensively. Water don’t attack coper
but in moist atmospheres it slowly form a characteristic surface green layer
(patina). The metal will not reacted on dilute sulphuric or acids hydrochloric, but
on nitric acid oxides of nitrogen are formed. Compunds Copper contained the
element in the +1 and +2 oxidation phase. Compunds Copper(l) are mostly white
(the oxide is red). Copper(ll) salts are blue in solution. The metal also form large
number of coordination complexes..

Texts for educational purposes
On combustion and flame

Combustion is a chemical reaction in which a substance reacts rapidly with
oxygen with the production of heat and light. Such reactions are often free-radical
chain reactions, which can usually be summarized as the oxidation of carbon to form
its oxides and the oxidation of hydrogen to form water.

Flame is a hot luminous mixture of gases undergoing combustion. The chemical
reactions in a flame are mainly free-radical chain reactions and the light comes from
fluorescence of excited molecules or ions or from incandescence of small solid
particles (e.g. carbon).

Flame test is a simple test for metals, in which a small amount of the sample
(usually moistened with hydrochloric acid) is placed on the end of a platinum wire
and held in a Bunsen flame. Certain metals can be detected by the colour produced:
barium (green), calcium (brick red), lithium (crimson), potassium (lilac), sodium
(yellow), strontium (red).

Flash point is the temperature at which the vapour above a volatile liquid forms a
combustible mixture with air. At the flash point the application of a naked flame
gives a momentary flash rather than sustained combustion, for which the temperature
Is too low.

Flash photolysis is a technique for studying free-radical reactions in gases. The
apparatus used typically consists of a long glass or quartz tube holding the gas, with a
lamp outside the tube suitable for producing an intense flash of light. This dissociates
molecules in the sample creating free radicals, which can be detected
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spectroscopically by a beam of light passed down the axis of the tube. It is possible to
focus the spectrometer on an absorption line for a particular product and measure its
change in intensity with time using an oscilloscope. In this way the kinetics of very
fast free-radical gas reactions can be studied.

Hardness of water

Hardness of water means the presence in water of dissolved calcium or
magnesium ions. The main cause of hard water is dissolved calcium
hydrogencarbonate (Ca(HCOs),), which is formed in limestone or chalk regions by
the action of dissolved carbon dioxide on calcium carbonate. This type is known as
temporary hardness because it is removed by boiling:

Ca (HCO;), (aq) — CaCO4(s) + H,O (1) + CO,(g).

The precipitated calcium carbonate is the 'fur' (or scale) formed in kettles,
boilers, pipes, etc. In some areas, hardness also results from dissolved calcium
sulphate (CaSQ,), which cannot be removed by boiling (permanent hardness).

Hard water is a considerable problem in washing, reducing the efficiency of
boilers, heating systems, etc. and in certain industrial processes. Various methods
of water softening are used. In public supplies, the temporary hardness can be
removed by adding lime (calcium hydroxide), which precipitates calcium
carbonate:

Ca (OH), (aq) + Ca (HCOs),(agq) — 2CaCO;3(s) +2H,0 (1).

This is known as the Clark process (or as ‘clarking’). It does not remove
permanent hardness. Both temporary and permanent hardness can be treated by
precipitating calcium carbonate by added sodium carbonate. Calcium (and other)
ions can also be removed from water by ion-exchange using zeolites (e.g.
Permutit). This method is used in small domestic water-softeners. Another
technique is not to remove the Ca** ions but to complex them and prevent them
reacting further. For domestic use polyphosphates (containing the ion PgO1g° ", e.g.
Calgon) are added. Other sequestering agents are also used for industrial water.

Hydrogen

Hydrogen (Symbol H.) is a colourless odourless gaseous chemical element;
a.n.is 1;ram.is 1.008; d.is 0.0899 g dm™; m.p. is -259.14°C; b.p. is -252.87°C. It
Is the lightest element and the most abundant in the universe. It is present in
water and in all organic compounds. There are three isotopes: naturally occurring
hydrogen consists of the two stable isotopes hydrogen-1 (99.985%) and deuterium.
The radioactive tritium is made artificially. The gas is diatomic and has two forms:
orthohydrogen, in which the nuclear spins are parallel, and parahydrogen, in which
they are antiparallel. At normal temperatures the gas is 25% of parahydrogen. In
the liquid it is 99.8% of parahydrogen. The main source of hydrogen is steam
reforming of natural gas. It can also be made by the Bosch process and by
electrolysis of water. The main use is in the Haber process for making ammonia.
Hydrogen is also used in various other industrial processes, such as the reduction
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of oxide ores, the refining of petroleum, the production of hydrocarbons from
coal, and the hydrogenation of vegetable oils. Considerable interest has also been
shown in its potential use in a 'hydrogen fuel economy' in which primary energy
sources not based on fossil fuels (e.g. nuclear, solar or geothermal energy) are used
to produce electricity, which is employed in electrolysing water. The hydrogen
formed is stored as liquid hydrogen or as metal hydrides. Chemically, hydrogen
reacts with many elements. It was discovered by Henry Cavendish in 1776.

Hammett equation

Hammett equation is an equation relating the structure to the reactivity of
side-chain derivatives of aromatic compounds. It arises from a comparison between
rate constants for various reactions with the rate of hydrolysis of benzyl chloride
on the one hand and a comparison between equilibrium constants (such as the
dissociation constant of benzoic acid) on the other hand. The Hammett equation
can be written in the form log(k/ko) = plog (K/Ko), where log (K/Ky) refers to
comparing dissociation constants to the dissociation constant, K,, of benzoic acid in
water at 25°C, and log (k/k) refers to comparing rates of reaction to the rate, ko, of
hydrolysis of benzyl chloride. The term log (K/K;) = a is called the substituent
constant, since the nature of the substituent affects the strength of the benzoic
acid. If o is positive, the substituent is electron attracting, while if o is negative
the substituent is electron donating, p is a reaction constant, which is determined
for a given reaction by the slope of a graph of log (k/ko) against . The numerical
value of p depends on temperature and the type of solvent.

The Hammett equation applies to meta- and parasubstituents (provided that
resonance interaction from the substituents does not occur) but not to ortho-
substituents.

Albert Einstein

Albert Einstein (1879-1955) is a German-born US physicist, who took Swiss
nationality in 1901. A year later he went to work in the Bern patent office. In 1905
he published five enormously influential papers, one on Brownian movement, one
on the photoelectric effect, one on the special theory of relativity and one on
energy and inertia (which included the famous expression E = mc?). In 1915 he
published the general theory of relativity, concerned mainly with gravitation. In
1921 he was awarded the Nobel Prize for Physics. In 1933 as a Jew, Einstein
decided to remain in the USA (where he was lecturing), as Hitler had come to
power. For all his life he sought a unified field theory. In 1939 he informed
President Roosevelt that an atom bomb was feasible and that Germany might be
able to make one.

Einstein coefficients are coefficients used in the quantum theory of radiation,
related to the probability of a transition occurring between the ground state and
an excited state (or vice versa) in the processes of induced emission and
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spontaneous emission. For an atom exposed to electromagnetic radiation, the rate of
absorption R, is given by R, = Bp, where p is the density of electromagnetic
radiation and B is the Einstein B coefficient associated with absorption. The rate of
induced emission is also given by Bp, with the coefficient B of induced emission
being equal to the coefficient of absorption. The rate of spontaneous emission is
given by A, where A is the Einstein A coefficient of spontaneous emission. The A and
B coefficients are related by A = 8xhv°B/c®, where h is the Planck constant, v is the
frequency of electromagnetic radiation, and c is the speed of light. The coefficients
were put forward by Albert Einstein in 1916-17 in his analysis of the quantum
theory of radiation.

Einstein equation is the mass-energy relationship announced by Albert
Einstein in 1905 in the form E = mc?, where E is a quantity of energy, m its mass,
and c is the speed of light. It presents the concept that energy possesses mass.
The relationship E.x = hf - W, where E. is the maximum Kinetic energy of
electrons emitted in the photoemissive effect, h is the Planck constant, f is the
frequency of the incident radiation, and W is the work function of the emitter.
This is also written E,« = hf - e, where e is the electronic charge and ¢ is a
potential difference, also called the work function. (Sometimes W and ¢ are
distinguished as work function energy and work function potential.) The equation
can also be applied to photoemission from gases, when it has the form: E = hf - I,
where | is the ionization potential of the gas.
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VOCABULARY

To absorb - abcopbuposats,
MOTJIOIIATh, BIIUTHIBATH

Abundant- pacnpoctpaneHHbII
Accessible -mocTymnHbrit

Accident - ciyuaid, cry4aliHOCTb

To accompany - conpoBOXIaTh

To account (for) - 00ObsACHATE
Accuracy - TOYHOCTb

Acetate - arterar

Acetic acid - ykcycHast Kuciora
Acetone - anieToH

Acetylide - anierunenucroe
COeMHEHUE MeTala

Acidification - moakucienue

Acyl halide - raorenanrupua
KapOOHOBOM KHUCJIOTHI

Acrylic fibers - akpuaoBbIe BOJOKHA
Actinium - akTuHMIA

Actinoids -akTuHOHU B

Activation energy - sHeprus
aKTUBALMH

Addition - to6aBska, fo0aBieHHE
Addition reaction - peaxrst
PHUCOETUHEHHUS

Adenosine - aguHO3MH

Adjacent - npuMBbIKarONIHi, COCETHUM,
CMEXXHBIN

To adopt -npuHMMaTh

Adverse - BpeaHbIH, HEOIArONPUSATHBIN
Aerosol - aspo30ib

Affinity - cpocTBO, pOJICTBEHHOCTbD,
0JIU30CThH

Age - Bo3pact

Aircraft - camoner

Alcohol - criupt

Aldehyde - anbnernn

Aliphatic - anmudarudeckunii

Alkali metals - menouynsle meTauibl

Alkaline-earth metals -
II€JI0YHO3EMETbHbBIE METAIIIBI
Alkaline solution - merouHo¥# pacTBOp
Alkanes - ankaHbl

Alkenes - ankeHbl

Allotrope -amtoTpon

Allotropic - axmorponuueckuii
Allowable - nonyctumsrii

Alnico - anbHHKO

Alloy - crinaB

Alteration - m3meHenue, aedopmarus
Alternative - anbTepHaTHBHBIHI
Aluminium -amromMuHUH

Ambient - BHENIHHHN. OKPYKAFOIINH
Ambient Quality Standard - Cranmzapt
Ka4yeCcTBa ISl OKPYIKAIOIIeh Cpebl
Amide - amun

Amination - aMMHHpPOBaHUE

Amine - amuH

Ammonia —amMmmMuax

Ammonium nitrate - HUTpaT aMMOHUS
Ammonium phosphate - dbocdar
aMMOHHSI

Amorphous - amopdHsIii

Amount - koJiMueCcTBO

Amphoteric -amdoTepHbIii

Ancient -apeBHMit

Anglesite - anrne3ur

Anhydrite -anruaput

Anhydrous - 6e3BoaHbII

Anhydrous cobalt(Il) chloride paper -
MHIMKAaTOpHAast Oymara, mporrTaHHasl
0e3BoHBIM XJ10pHI0oM KobaabTa (1)
Anion - aHnoH

Annual - exxeroanpii

Anode - anox

Anomalous - anoMabHBIH

Ant - mypaseii

Anthracite - anTparur
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Antifriction - aHTH(GPHUKITMOHHBIH
MaTepua, YMEHBIIAIOMUN TPCHHUE
Antimony - cypbema

Antimony pentafluoride -
neHTaPTOPUI CypbMBI

Apatite - amaTut

Applied field - mpunoxennoe nome
(asekTpomnoIie)

Approach - moaxon, mpubmmkeHue (o
METO/IC)

AqQqueous - BOJHBIM

Aragonite — aparoHur

Arc - nyra
Archetypal - nepBuYHBIii,
MEpBOHAYAJIbHBIN

Area - 006s1acTh, TEppUTOPUS
Argon - aprox

To argue - cnopuTb, apryMEHTUPOBATh
Aromatic - apomaTuuecKkui

To arrange - pacnoyiaratb

ArSenic - MbIIIbIK

Arsenide - apcenun

Arsenious oxide - okcua MbIIIbIKA
Artificially - uckycctenso
Asphalt - achanst

Assessment - orieHKa, aTTecTalus
Assign - Ha3HayaTh, ONIPEICIISATS,
opy4arb

Assumption - mpeamnoyiokeHue
Atomic number - aromHbBII HOMEp
To attach - npucoeMHATH

To attract - mputsarusaTh
Attractive - mputsraTenbHbIHI
Average - cpeaHuit

Azeotrope — azeotpor (pacTBop,
crcTeMa)

Bacterium (pl.bacteria) - 6axkrepus
Baking - Beimeuka

Baking powder - mekapHbIii TOPOIIOK
Barium - 6apwuii

Bark - xopa, xuHa, 1yOuTh

Basalt - 6azanbT

Bauxite - 6oxcur

Bearing metals - 6a06ut

Bed - muract

Behavior - mosenenue

Belong to - npunaanexarts
Beneath - Bau3y, HUXKE yem
Benzene - 6enzon

Benzonoid ring - 6en3zoHonIHOE
KOJIBIIO

Beryllium - 6epunmii

Bismite - Oucmut, BUCMyTOBast 0Xpa
Bismuth -Bucmyt

Bismuthinite - BucMyTuH, BHCMyTOBBIH
Oyeck

Bisulphite addition - 6ucynsput
CoZIepIKallee COCTUHECHUE
Bituminous coal - GuTyMuHO3HBII
yroJjib

Blast - nyTthe, hopcupoBaHHas Tsra
Blast furnace - nomennas neus
Bleaching powder - orOenuBaromnuii
HIOPOIIIOK

To block - 6okuposath

Boiler - koren, 6oiinep

Boiling point(b.p.) - remnepatypa
KATICHUSI

Boron - 6op

Boundary - morpannuHsIii, rpaHuIa
Brass - narynp

Breadth - mmpuna

Breathing - neixanue, m1yHOBEHHE
Brittle -xpynkuit

Bromine - 6pom

Bromide - 6pomuz

Buckyball - pymnnepen

Buckytube - nanoTpyOka

Bulk - macca

Bullet -myns

Burette - 6ropeTka

Burial - 3axoponenus
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To burn - ropetsb

Burning - ropenue

By-product - moGouHbIi TPOTYKT
Cable - xabenp

Cage - xietka

To calcine - kanpIIMHUPOBATH,
IpeBpalaTh B H3BECTh, IPOKAINBATH,
00KUraTh

Calcite - kampuur

Calcium - kanpuit

Calcium phosphate(V) - dochar (V)
KaJIBITUS

Cancer treatment agent - npenapat ass
JICYCHUS paKa

Cannel coal - xeHHenbCKuUl yroyib
Car-exhaust gases - BBIXJIOIHbBIE I'a3bl
Carbide - xapoun

Carbon - yriepon

Carbon black - rexandeckwii yriepon,
yrJIepoiHasl WJIM ra30Bas Caxka, KOIOTh
Carbon dating - qatupoBanue
panuoyriIepoioM

Carbon dioxide - muokcuz yriaepoaa
Carbon disulphide - qucynbdus
yriepoja

Carbon monoxide - moHOKCH]
yIJIepoJia, YyrapHbId ra3

Carbon paper - konupoBaibHast Oymara
Carbonaceous - yriepoaucTsiid,
KaMEHHOYTOJIbHBIN

Carbonate - kapbonar

Carbonated drinks - razupoBaHHbIC
HAITUTKA

Carbonic acid - yrosnpHas kucioTa
Carboniferous - kaMeHHOYTOJIbHBIH,
YTIIEHOCHBIH, KApOOHOBBIN
Carbonium ion - noH kapOOHUS
Carbonization - kapboHu3anus,
HayTJIepOKUBaHHUE, KOKCOBaHUE,
[IEMCHTAIs, OOYTIIMBAHKE
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Carbonize - o6yrnuBarh, KOKCOBATb,
KapOOHHM3UPOBATH, 00KUTATH
Carbonyl chloride (phosgene) -
kapOoHm Xsopus (hocTeH)
Carborundum - kap6opyHA
Carboxyl group - xapO6okcuibHas
rpymmna

Carnallite - xapuamut

Carrier - HOCHTEIb

To cast - 11Tk, OTJIUBATH

Cast-iron - uyryn

Catalysis - katanu3

Catalyst - kaTamuzaTop

Catalytic converter - karaauTHYeCKHiA
JIO)KUTATEITh BBIXJIOMHBIX T'a30B
Catalytic reactor - karanuTHYCCKHIHA
peakTop

To catalyze - kaTanmusupoBaTh
Cathode - xaron

Cation - kaTHoOH

Cause - npuunHa

To cause - BBI3bIBATH

Caustic potash - ruapokcum Kamus,
€JIKOE KaJln

Certain - onpenencHHbII

Cerussite -meppycur

Cesium- neswmii

Chain - nens, nenxas, pa3BeTBICHHAS
Charcoal - npeBecHbIii yroib
Charge- 3apsin, 3apsxartb

Cheap - gemreBblii

Chemically modified electrodes -
XUMHYCCKH MOJIU(DHUIIMPOBAHHBIE
AIEKTPOIBI

Chemisorption - xemocopOrus,
copOI¥vsi, OCHOBaHHAS HA XUMHUYECKOM
MEXaHHU3ME

Chlorate - xopar (cosu xopa (VII))
Chloride - xmopua (coiu consHoOM
KHUCJIOTHI)

Chlorine - xmop (ra3)



Chlorofluorocarbon -
xyopodTopyriaepos

Chromate - xpomar (comiu xpoma (+6) )
Chrome (alum) kanuit xpomoBEIe
KBaCIIbl

Chromic acid - xpomoasi(VI) kuciiora
Chromite - xpomur (comu xpoma (111))
Chromium - xpom

Cinder - 3oua, nemen

Circuit - nens (eKTpUYSCKas)
Circumstance - moapoOHOCTD, A€TaIb,
(bakT, cmyyaid, 00CTOSTEIBCTBO

Clay - rmuna

Cluster - kactep

Coagulation - koaryssus

Coal - yromnb

Coarse particle - xpynHo3epHHCTas
JacTHIIA

To coat - moKpBIBaTh, OOJIUIIOBLIBATH
Cobalt - kobanpT

Cobaltite - k00anbTOBBIN OJIECK
Coke - xokc

Colloids - xomaouas! (KOIIOUIHBIN
pacTBop)

Combustion - ropenune

To be in common use - mupoko
HCIIOJIb30BATHCS

Compared with - mo cpaBHeHwHIO €
Complex - crokHBIN, KOMILICKC,
COBOKYITHOCTb

To compose - cocTaBIsATh
Composition - coctas

Compound - coeguneHue
Concomitant- conyTcTByroIIICE
00CTOSITETHCTBO

Condensation reaction - peakuus
KOHICHCHPOBAHWSI

Conductivity - mpoBoIUMOCTb
Conductor - mpoBoaHUK

Cone - koHyc

To confirm - moaTBepKAaThH

Consequence - cieicTBue
Considerable - snauntensHBIN
Consistent - mociie1oBaTeNbHBIN,
COBMECTUMBIH, TBEPABIN, INIOTHBIN
Constituent - cocrasisronias,
COCTaBHAas 4acTh

To consume - moraomare, MOTPeOIATh
To contain - comepxath
Contaminant - 3arpsi3HUTEIb

To contaminate - 3arps3HsTH

To contribute - cmocodbcTBOBaTH
Conventional - oOrenpUHATHIH,
CTaHJAPTHBIN, YIOBJIETBOPSIOLINAN
TEXHUYECKUM YCIIOBHSIM,
TPagULIOHHBIN

To convert - npeoOpa3oBbIBaTH

To cool - oxmaxnare

To coordinate - koopAUHUPOBATH
Copolymer - comonumep

Copperas - xkymopoc

Corona discharge - kKopoHOOOpa3HbIi
paspsa

Corroding lead - pxaserornii
(paspy1aronuiicss OKMCICHHEM)
CBUHEI]

Corrosion resistance - Koppo3uoHHas
YCTOMYHUBOCTh

Coworkers - coaBTopsI

Crude - cpIpoii, HeOOpaOOTaHHBIH,
HCOYHIIICHHBIH, ChIpas HeTh
Crystalloids - kxpucramionsl,
KPUCTAJUTMYECKHE BEIIECTBA

Curie point - rouka Kropu

Current - cTpys, IOTOK, TeYCHUE

To cut - pezats, oTpe3aTh, Cpe3aTh
Cutting tool - pexyrmii HHCTpyMEHT
Cyanide - uanuz

Cyanohydrins - nuanoruapuIs!
Cycle - uuki, kpyr

Cyclical - nmukmuueckwii
Cyclopropane - nukionpormnan
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Data - nannasie (pe3yabTaThl
WU3MEPEHHM U T.11.)

Decade - necsarunerne

To decant - punsTpoBaTsh,
JICKAaHTHPOBATH

Decline - ckitoH, yKJIOH; UATH K KOHITY,
KJIOHUTBHCS, TIaJICHUE, TIOHKEHUE,
cnajn

Declining — ckimonstromiics,
VCUE3AI0IIUN, MEPKHYIIIAN
IIPEKIIOHHBIN

To decompose - pa3zmaratb(-csi)
Deficient - HegocTaTo4YHBI,
HENOJIHBIN, HEJOCTAIOIINMH,
neEeKTUBHBIN

Definitive - okoHYaTETBHBIH,
0€3yCI0BHBII

Dehydration - neruapararus,
00€3BOKUBaHUE

Deliquescence - pacruibiBaHHE 3a CUET
aTMoc(hepHoOli Blaru

Deliquescent - pacTBopsiroruiics,
PAaCIUIBIBAIOIIUICS 32 CUET
TIOTJIONICHMSI BJIATH

To denote - o3HauaTs, 0003HAYATH,
YKa3bIBaTh(Ha)

Density- mioTHOCTH

Deoxidizer - packuciuTenb

To depend on - 3aBuceTh(0T)

To deplete - ucromars

Depletion - ucuepmsiBanue,
UCTOIICHHUE

Deposit -MecTopokIeHUE, OTIOKCHHS
(TOpHBIX, MUHEPAJIBHBIX TTOPO/T)
Depression -cHmkeHne

Depth - rinyouna

Destructive distillation - cyxas
TIeperoHKa

Detection - onpenenecuue,
oOHapyXeHue

Detection limit - mpenen oOHapyxeHuUs

Determination - onpenenenue,
HaXxO0XJeHHE (METOI0M, CIIOCOO0OM, B
npoiiecce)

To develop — pa3BuBars,
pazpabarbiBaTh

Device - mpubop

Diamond - anma3s

Diazotization - nuazoTupoBaHue
Dichromate - 6uxpomar (cosu xpoma
(+7))

Diesel oil (gas oil) - sxkuakast cMa3ka,
JM3EIIbHOE MAcCJIO

Diethyl ether- quatunossiii 3¢up

To diffuse - mudpdynauposarsb
Diffusion - muddy3us

Diffusion flame - qud¢y3nonnoe
TIaMs

Dihydrate - quruapar

Dilute - paz6aBisTh, pa3oaBICHHBIH
Dimension - u3mepenue, pa3Mepsl;
BEJIMYMHA, 00BEM; IPOTSHKEHUE,
pa3max

To diminish - ymeHbIatbes

Dipole - gumo:s

Direct current - mocTosSHHBIN TOK
Disadvantage - Bpen, yiiep0
Discoloration - usmenenue sera

To discover - oTKpbITh, OOHAPYKHUTH
Discrepancy - paziuuue; pa3Horjiacue
Dispersed phase - nucnieprupoBanHas
daza

Dissimilarity - pazmuune

To dissolve - pactBopsTh(-cs1)
Distinguish - pasnu4ath, pasrisieTs,
POBOJUTH Pa3InIKe

To distort -uckaxarp

Divalent ion - 1ByxBaJiCcHTHBIH HOH
To divide - gemuts

Division - nenenue, pasacienme
Dividing line - munus pa3aencHus
Dome - kymnon
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Double - nBoiinoit

Dramatic - pe3kuit

To draw a conclusion - zenats BBIBOJ
Dressed - 06pabGoTaHHBIH

Drilling - Oypenue, BrICBEpIUBaHHE
Ductile - mnaBkuii, KOBKHH, TATYIHHA
Dull - Tyckbrit

Dyestuff — kpacurens

To educe - BbIAEITATH

Efficient - apdexTuBHBIH,
IPOU3BOIUTEIIbHBIN

Effort - ycunue, nmomsiTKa, JOCTHKCHHE
To elapse - mporekaTh, UCTEKATh (0
BPEMEHM)

Electric field - snexTpuueckoe noe
Electrical double layer -gBoiinoi
BJIEKTPUYECKUH CIION

Electrical resistance - saiiekrpudeckoe
COTIPOTUBJICHUE

Electrochemical equivalent -
ANEKTPOXUMUYECKUN HIKBUBAJICHT
Electrode -anextpon

Electrode potential - snexTpoanbrii
MOTEHITUAIT

Electrolysis - anektponu3
Electrolytic refining -
AIEKTPOTUTUIECKOE OUUIIICHHE
(padunupoBanue)

E.M.F. - Electromotive force -

0. .C.(anekTpoaBrKyIas cusa)
Electrophoresis - anekrpodopes
Electroplating (electroplate) -
TaJIbBAaHOCTETHS, TATbBAHOIIOKPHITHE
To eliminate - 3MIUMHUHUPOBATS,
W3BJICKATh

Emission - smuccus, usnydenue,
BBIJICJICHHE

Emphasize - npunaBats ocoboe
3HAYCHUE, TTOTYEPKUBATH

Empty - nycroii, nopoxHuit
Emulsion - smynbscus
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Enamel - smanb, MOKpeIBaTh SMAJIBIO
Enclosure - orpana, orpaxiacHue,
OTOPOYXKEHHOE MECTO

To encompass - okpy»aTb, 0OBOJIUTH
To encourage - moowpsTh,
IIOJIJICPYKUBATD; BCEISATHh HATCKTY
Engine - mammuna, 1BUraTeIb;
000py10BaTh

Enormous - rpoMaiHbIi, OrpOMHBIH (0
Pa3HOCTH)

Enzymes - sH31MBI

Equilibrium - paBHOBecue

To establish - ycranasnusats (1 Kax:
OTIpeCIIATh, HAXO/IUTH,
0OHapyX1BAaTh)

Ester - cinoxuslil 3¢up

Esterification (Etherification) -
ATEepUPUKALIMSL

Ethanal (acetaldehyde) - aranoBbIi
anpaerun (areTaabaeru)

Ethan amide - sTanamuy

Ethane - stan

Ethanoic acid - stanoBas kucnora
(yKCycHast KUCIIOTA)

Ethanol - staHos (3THIIOBBIH cITUPT)
Ether - a¢up

Ethereal - a3¢pupHbIii

Ethoxide - stunar

Ethoxyethane - nusTrnoBsIit 3¢up
Ethyne (acetylene) - stun (aneruiacH)
To evolve - pa3BuBaTh (CIOCOOHOCTH),
pa3BepThIBaTh (IJIaH), BBIJCIATD,
UCIyCKaTh, N3/1aBaTh,
IBOJTIOIIMOHUPOBATH

Example - mpumep, oOpaserr; ciaydaii;
CIIY>)KHTh IIPUMEPOM

Excellent - mpeBocxomHbIH, OTIMYHBIN
Exceptionally - uckirountensHo,
HEOOBIYHO, HEMTOBTOPHUMO

Excess - u30bITok



To exercise - yrnpaxHITbCS,
HCII0JIb30BaTh, OCYIIECTBIISATh
Exhalation - Beiox; ncnapenue,
BbIJIeNIeHHUE (Ta3a, mapa); map, TyMaH
To exhale - BeaENIATHCS, HCTTAPATHCS,
BBIJICIIATD

Exhaust - Berxiton, BerxitonHas (Tpyoa)
To expand - yBennuuBaThCs,
pacCIIUpPSATHCS

Explosive - B3pbiBUaTOE BEIeCTBO
External - BaemHwmii

Extinction - 3aryxanue, moTyxaHue,
TYLICHHE

To extract - skcTparupoBarh,
U3BJICKATh

Extremely - Becpma

Fairly - cipaBeiiiuBO; TOBOJIEHO; B
W3BECTHOM CTEIIEHU; CHOCHO

To fall - magate

Fat - >xup; pacTUTENbHBIN KHP;
KUPHBIN

Fatty acids - xupHbIe KHCITOTBI

To favor (favour) -
0JIaronpuATCTBOBAaTh

Feasibility - Bo3MOXHOCTb
Feldspar - mosieBoii mmar
Fermentation - ¢pepmenTanus
Ferromagnetic - peppomarauTHbIit
Ferrous alloys - cruiaBel yepHBIX
METaJIOB

Fertilizer - yno6penue

Fibrous - BomokHUCTBIH

To fill - marmoMHATE, HACKHIIIATS,
3aIOJTHATh

To find- HaxoauTk

Fine particles - ToukoaucnepcHbie
YaCTHUI[BI

Fire - extinguisher - orHerymmrenb
Flakes - xytombst

Flake - crmoii

To flake - magaTh, paccianBatbes
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Flame - mnams

Flame blow off - cpeiB mmamenn
Flammability - BociamensieMocTs,
OTHEONaCHOCTh

Flammable - Bocmiamensemslit,
OTHEONACHBIN

Float - mpo0Oxka, noraBox;

To float - mmaBaTh, BCIILIBATH
Flow rate - ckopocTh moToka
Flow reactor - motounsIii peakTop
Fluid - >xuakocTh, KUIKHN
Fluorescence - daroopecteHius
Fluoride - ¢ropun

Fluorine - ¢Top

Fluorite - ¢pirooput

Flux - ¢roc

Focus - ¢okyc, BHUMaHuE

Forest -nec

To form - oOpa3oBbIBaTH

Fossil fuel - uckomaemoe TOIIMBO
Framework - ctpykrypa

Francium - ¢panimit

Fuel - ToruBo

Fuel-rich flame - mmams,
000raIieHHoro ToTMBa

Fullerene - pymiepen

Fullerite - pymneput

Fume - nbim, nap

To fuse - pacriaBisITh, MIABUTH
Fusible alloys - nnaBkue criaBbl
Fusion - rutaBka, pacruiaBiicHUE
Gap - mpoMeKyTOK, MHTEPBAJI, 330D
Gasoline - 6enzun

Gel - rens

Gemstone - aparoreHHbINA KaMEHb
Geodesy - reomesus

Geodetic - reoae3udeckuit
Getter - rerTep, ra30MOTIOTUTEIH
Giant - ruraHTCKuiA

To give - naBath

To give off - BegenATH



To give rise - mpuBOAUTH K
00pa30BaHUIO

To govern - ynpaBiisTh

Glue - xitei1, xienTs

Graphite - rpadur

Greenhouse effect - mapauKoBEIit
ekt

Greenhouse gas - TermIn4HbIi ra3
Grinding - u3MenpueHue

Gunpowder - mopox

Gypsum - ruric

Haematite - kpacHbIi JKeIe3HIK
Hafnium - radumuii

Halloysite - rayosur (amromMocuiIMKar)
Halogen - ramoren

Halon - rayuton (razoo0pasHoe
BEIIECTBO YTIIepo/ia C TaIOTEHAMH)
Hard - TBepapbrii

Hardness - TBepaocth

Hay - ceno

Hazardous - onacHsrii

Haze - nerkuii TymaH, 1pIMKa, MIJ1a
Heat - reruto

Heating - narpeBanue

Heat - resisting alloy - sxapocTtoiikuii
CIUIaB

Hemihydrate - momyruapar

Hence - ciexoBareapHO
Heptahydrate - rentaruapar
Heterogeneous - rereporeHHbIi
Hexagon - rekcaroHajabHBINA
Hexahydrate - rexcaruapat
Hexaquocopper (1) - rexcaakBomenp
(1)

High - speed tools -
BBICOKOCKOPOCTHBIC TPHUOOPHI
High-strength alloy - BeicokonpouHbIit
CIUIaB

High - temperature equipment -
00opyI0BaHUE, MPEIHA3HAYCHHOE IS
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paboThI B yCIOBUAX BBICOKOM
TEeMITepaTyphl

Hole - neipa, oTBepcTHE, iMa
Homogeneous - roMoreHHbIi
Human-induced damage - Bpen
(yuep6) HaHOCUMBII YE€JI0BEKOM
Hybrid - rubpun

Hydrocarbon - yraesomopon
Hydrocarbon flame - yrnesomopoasoe
iams

Hydrochloric acid -
XJIOPUCTOBOJIOPOAHAS (COJIsTHAS)
KHUCIIOTa

Hydrogen bond - BogopoaHast cBsi3b
Hydrogen bromide - 6pomwn
BOJ0PO/1a, OPOMUCTBII BOJIOPOT
Hydrogenation reaction - peakmus
TUAPOTCHU3AINN
Hydrogencarbonate - rugpokapOoHat
(OukapOOHAT - 0 COJAX YrOJbHON
KHCJIOTHI)

Hydrogentartrate - rugporaptpar
(rumpookcanaT, KHCIIbIH
I[ABEJIEBOKUCIIBIN - O COJIAX
I1aBEJICBON KHUCIIOTHI)

To hydrolyse — ruaposn3oBbiBaThCH,
MOJIBEPTaThCs THAPOIIU3Y
Hydrolysis - ruaponms

Hydroscopic - rurpockonuyeckuit
Hydroxide - ruapokcua (aHHOH WK 00
OCHOBAHMSIX )

Hydroxyl group - rugpokcuibHas
rpymnmna

Igneous - orHeHHbI, MUPOTEHHBIN
Ignition - BocriaMeHEHHE, CKUTaHUE
liImenite - uapMeHHT

To impart - naBath, mpuaaBaTh,
coo0I1aTh, MepeaBaTh

Impermeable - HenpoHuIaeMBbIi,
repMETUYHBIN

Impurity - mpumech



Incandescence - Genblil Haka,
HaKaJTMBaHUC

Inception - Hagaso

Incidence - cdepa nelicTBus, oxBaT
To include - Bxitouats, cogepxarh B
cebe, BKII0YaTh

Incomplete - HemoHbBIH

To incorporate - BkIIr04YaTh

To increase -yBequ4HMBaTh

To induce - uHAYIUPOBATh, BHI3bIBATH
Industrially - na nmpousBoacTBe
Industrial atmosphere -
MIPOM3BOJICTBEHHAS BO3AYIIHAS 30HA
Inefficiency - HecmocoOHOCTD,
Hed(PHEKTUBHOCTD

Inevitable - nen30exHEbIi,
HEMHHYEMBII

Inflammable - nerko
BOCIUIAMEHSFOIIMICS, TOPIOYHN
Inflammatory - Bo3Oy>xnaroruii
Informally -aedopmansho,
HeopHUIIUATIEHO

Infrared spectroscopy - ungpakpacHast
CTIICKTPOCKOTIHS

To ingest - rmorath

To inhale - BapIxats

Inherent - mpucywmii, CBOWCTBECHHBIH
Inhibition - nuaruOupoBanue,
TOPMOYKCHHE

Inner - BHyTpeHHui

To insert - BCTaBIATEL, TOMENIATE
Insertion - BcraBienue, BKIIOYEHHE
Inside - BHyTpeHHSIS CTOPOHA; BHYTPH;
BHYTPEHHUMU

Instead - BmMecTO

Insulating - u30IALMOHHBII

Intensity - WHTEHCHBHOCTD, IITyOHHA,
cuiia

Intensive - HHTEHCHUBHBII

Interaction - BzaumoneiicTeue
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Interchange - o6meH, yepenoBanue;
0OMECHHMBATHCS, UEPEIOBATHCS
Interface - koHTaKTHas TTOBEPXHOCTH,
MOBEPXHOCTh pa3jieia, TPaHMIa
paszena

Intermediate -mpomexyTouHBIH,
IPOMEKYTOYHOE COCTUHECHHE,
HOJYIPOIYKT

Interstitial - npomesxyToUHBIIH
Intricate - 3amyTaHHBIN, CITIOKHBIH,
3aTPyIHUTCIIBHBIHI

To introduce - BBOIHUTH, BCTaBIATH
Invar - criiaB »kere3a ¢ HUKEIeM

To invent - u3o0perarh

To investigate - rccieqoBaTh

lodate - nonar

lodide - nomun

lodine - non

lonization energy - sHeprus
HMOHM3ALNH

Iridescent - paxy>xHbIi, IEpeIMBYATHIH
Iron - xxene3o

To isolate - n3oarpoBaTh, 060COOIATS,
OTICIATh

To issue - BeITEKATh, MCXOJUTH,
BBIIYCKATh

Ketone - keTon

Kaolin - kaomun

Kaolinit - kaonmuauT

Kainite - xkauauT

Kettle - gaiinuk, KoTen, KOTENOK;
KOTJIOBUHA(TEO1.)

Lamella - mamens, miacTuHKa; TOHKHI
cliou

Laminar flow - ramuHapHBIH MOTOK
Lanthanum - nanTan

Lanthanoids - nanTanoubl

Laser -nazep

Lattice - perretka (KpucTayinyecKas)
Layer - cioit

Lawrencium - noypeHcwuii



Leach - BeIenaunBareib;
BBIIICIAYMBATD

Lead - cBuHen

Lead-free - He comepkaruii CBUHEI]
WJIM HE COAEPIKAIIMM TETPAITUIICBUHEL
Ligand -nuransg

Light - merkuit

Lignite — muraut

Lime kiln - meus mi1st 06xkura ussectu
Limestone - u3BecTHSIK

Limewater - )xecTkas Bona,
W3BECTKOBAs BOJA

Limonite - mumoHuT

Lined - nMHOBAHHBII; OONMIIOBAHHBII;
(byTepoBaHHBIN

To link - cBsa3atb(-cs1), CBA3BIBATH(-Cs1)
Liquid - skuaKOCTh; KUIKHIA

Litharge - rirer; okcua cBHHIIA
Lithium - nuTwmit

To lose - TepsTh,
yTpauyuBaTh(HAIIPUMEp, Ka4eCcTBa)
Low-melting-point casting alloys —
JIETKOIUIABKHE CILIABBI

Lungs -nerkue

Lustrous - oiecTsaiuii

Lutetium - nrorenumii

Lyophilic sols - muodunbHbIe 3051
Lyophobic sols - tnodpobHbIe 30511
Lyophohic sols - mudongnsie 30mm
Magnesium - marauii

Magnetite - marueTur

Magnitude - BerunHa

Main - ocHOBHOM, TTaBHBII

Mainly - rmaBHBIM 00pazom
Malleable iron - koBkuii uyryn
Mammal - miekonuTaromiee
Manganate(V1I) (permanganate) -
manranat(VIl) (mepmanranar - o
coeaunenusix mapranmua (V1))
Manganese - maprasen

Manufacture - mpousBoacTBO,
00paboTKa, U3rOTOBJICHUE

Manure - ynobpeHnue, HaBO3

Marble - mpamop

Marine — mopckoit

TO measure - u3mMepsTh, MEPUTb,
OTMEPSTh

To melt - TasTh; IaBUTH(-C51)
Melting point(m.p.) - TemmnepaTypa
niaBjeHust (T.11.)

Member - uien

Membrane - memOpaHa, nmopucrast
eperopojIKa

Mercury - pTyTh

To be mentioned - 6bITh YHOMSHYTBIM,
OBITH Ha3BaHHBIM

Mesoporous - cperHenOPUCTHIN
Methanal (formaldehyde) - meranoBbIit
anpaerua(popmanbaeru)

Methane - metan

Methanides - meranubl

Methanoate - meTanar (o
COCITMHEHUSX, COJITX METaHOBOM,
MYpPaBbUHOM KUCIIOTHI)

Methanoic acid (formic acid) -
METaHOBas KHCIOTa(MypaBbUHAS
KHUCIIOTA)

Methanol - metanon

Methylamine - meTunamun
Methylene - metunen(panukan)
Methylethylamine - meTumTHIaMuH
Microgravity - MukporpaBuTarus
Migrate - MurpupoBarb, IepecensThes,
nepeMeniaThCs

Mine - pyaHUK; I11aXTa; KOIb; IPHUKCK;
3aJIeKb; UIACT; MIHA; POU3BOIUTH
TOpHBIE pabOTHI

Minor - He3HAaYUTEILHBIN,
BTOPOCTETIEHHBIN

Miscible - criocoOHEBII cMenmBaTLCS,
JIErKO CMELIMBAIOIIUICS
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Mist - nerkuii TyMaH, TbIMKa, MTJIa,
acCMypPHOCTb

TO mix - cMemmBaTh

Mixture - cmech

To moderate - ymepsiTh, Ciep>KUBaTH;
YCPEIHSTh

Modification - Bugon3MeHeHue,

MO TU(HUKAIIHS, U3MCHCHHE

Moist - cbIpo#i, BIIayKHBIH

Moisture - Biara; CbIpOCTb; BJIaKHOCTh
Molten - pacriaBieHHbI#H

Monoxide - MoHOOKCHT
Montmorillonite -
MOHTMOPUJIIIOHUT(MUHEPAN)
Mordant - exkwuii; mpoTpaBa, KUCJIOTa,
yrnoTtpebisiemas Ipy TPaBUPOBAHUH
Mortality - cmepTHOCTB

Mortar - ctynka

Mortar and pestle — crynka n nectuk
Nanotubes - HaHOTpYOKH,

Natural (gas) - npupoansiii (ras)
Negative - oTpuiaTebHbIH

Nettle - xpamnuBa, oGkUTaTHCS
KpanuBOu

Neutron - HelTpoH

Nitrate - autpar (cosm a30THOM
KHUCJIOTBI)

Nitre - cenuTpa

Nitric acid - a3oTHas KucioTa

Nitride - HuTpu (HUTPUABI METAIIIOB)
To nitrify -aurpudunmposats

Nitrile - HuTpuI

Nitrite - HuTpuT

Nitrogen - azot

Nitrogen cycle - a30THBI UK
Nitrogen-fixing bacteria - 6axrepus,
CBSI3BIBAIOIIAST A30T

Nitrous acid - azoTrcras KucioTa
Noble gas - 6;raropoHbIii ra3
Non-ferrous - riseTHol ( 0 MeTalIax)
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Non-ferrous alloys - crutaBel IIBETHBIX
METaJLIOB

Non-flame system - e mamennas
cucreMa (He Jaromias miaMs CUCTeMa)
Non-premixed flame - mnams 6e3
peABapUTEILHOIO CMEIIHBAHUS
TOPIOYHX KOMIIOHEHTOB
Nonstoichiometric -
HECTEXHOMETPUICCKUIN

Nuleophiles - nykneoduis

Nucleus (pl. nuclei) - sapo

Novel - HoBBII

To observe - gabnronare

To obtain - mony4ath, HOJYYHUTH (YTO-
1100 B 1abopaTopum)

To occur - BcTpeyaThes, MOSBISATHCS
TOo oCcCupy- 3aHUMAaTh, 3aHATH,
3aBJa/IeTh, OKKYIIHPOBATh

Odourless - 6e3 3anaxa, HeMaXHYIHA
Oil - macyo, HETH, cMa3Ka

Olefinic group - onedunoBas rpymnmna
Olivine - onuBuH (MuHEpa)

Ore - pyna

Origin - KCTOYHHK, OPUTHHAJ; HAYAJIO;
MICPBONPUYNHA; TIPOUCXOKICHUEC
Orthophosphate - optodocdar
Osmium tetroxide - Terpokcum ocMmust
To outperform - mpeBoCX0IUTH,
MPEB30UTH

Overall - monHeIA, OT HaYana 10 KOHIA
Overhead power cable -moaBecHo
SHEProCHJIOBON Kabeb

To overlap - gacTiuHO OKPHIBATH
Oxidation - okucienue (peakis)
Oxidation state - crerieHb OKHUCIICHHS
To oxidize - okucaaTh(-cs)

Oxidizing acid - okucistomas KuciaoTa
Oxoacid - okcokucioTa

Oxygen - kucmopon

Ozone - 030H

To 0zonize - o30HUpPOBATH



Palladium - maymamguii

Paraffin oil - mapaduHOBOE MacoO,
KEPOCHH

Paraffin wax - mapaduHOBEII BOCK
Partially - vactuuno

Particle - vactuma

Pass - mpoxo1; MpoXoIuTh (ajibliie,
MHUMO U T.JI.); TIEPEXO]

Passage - mpoxoxJieHue

Paste electrode - macToBbIif 3;1€KTpOI,
acTo0Opa3HbIH AJEKTPO

Peat - Topd

Pectate - mexrat

Pentagon - meHTaroHaJIbHBIHI
Pentlandite - nenTnanaut (MuHEpan)
Perchloric acid - xiopnas xuciora
Permanent - mocTOSIHHEIM,
JTOJATOBPEMEHHBIN

Permian - [Tepmckuii

To permit - pa3penrars, MO3BOJIATH
Peroxide - mepokcu

Persuasive - yoeauTenbHbIi

To perturb - Bo3myIath

Petroleum - (mpupoHasi, ceipasi)
He(Th; HEPTsIHAS (TTPOMBITINICHHOCTH )
Pewter - nmproTep (CruiaB Ha OCHOBE
0JIOBAa CO CBUHIIOM)

Pi-bonding - cBsi3b ¢ yyactuem p-
AJICKTPOHOB

Pig-iron - uyryH B uymkax

Pink - po3oBbrii

Pinkish - po3oBaTtsrii

Phase - ¢da3a

Phosphorus -docdop
Photosynthesis - poTtocunres
Plagioclase - mnarnoxias (MuHepain)
Planar - mrockwuii, IIIOCKOCTHOM,
MJIaHapHbI(J1a3ep)

Plant - pacrenue; pocT; caxarb;
CTaBUTb, YCTAHABIUBATH (TIPOYHO)

Plaster - miacTeiph; MTYKATypKa;
Ma3aTh, HAMa3bIBaTh; TAYKATh;
3aTBEpAEBATh (KaK TUIIC)

Plastic - mracTuk, rmiacTMacca;
TJIACTUYHBIN

Platinum - rutatuna

Platy - rmutockui, macTHHYATHIH (0
CTPYKTYpe)

Poisonous - ssqoBUTHIM

To polarize - nonspu3oBaTh

Pole -rmosroc

Polycation - monukatnon
Polyhedral - momus npuueckuii
Polymer - monumep

Polymer modified electrodes -
ANEKTPOJIbI ¢ MOAU(ULIUPOBAHHOM
MOJIMMEPOM TIOBEPXHOCTHIO
Porosity -mopucTocthb

Porous - mopucTblii

Potash - kapOonat kamus
Potassamide - amug kanus
Potassium - xasnmii

Potassium bromide - 6pomu kanus
Potassium hydroxide - ruapokcun
KaJus

Pottery - kepamuka, TOHYapHbBIC
W3S

Potting - mpon3BOACTBO TIMHSHBIX WK
KEpPaMHUUYECKUX U3CITUN

Powder - mopormiok

Precipitate - ocazok, ocaxxaaTh
Precipitation - ocaxxacHue
Preferred - mpeumymiecTBeHHBIIH
Prehistoric - qoucropuueckuit
Premixed flame - mrams
NIPEIBAPUTEILHO CMEITaHHBIX
TOPIOYMX KOMIIOHCHTOB
Preparation - npurotoBicHue
Pressure - naBneHue

To prevent - npenoTBpamniaTh
Previously - npenBapuTebHO
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Primary alcohols - mepBuuHbIC ClIUPTHI

Primary amides - nepBHYHBIC aMUIBI
To produce - mpou3BOAUTS, MOTYyYaTh
(Ha MPOM3BOJCTBE)

To promote - cnocoOcTBOBAThH

To propagate - pacipocTpaHsTh
Propanamide - mpoman amu
Propane - nporan

Property - cBoiicTBO

Proton - nporon

Proton-acceptor - akientop npoToHa
To prove - 10ka3pIBaTh, T0KA3aTh
To provide - obecnieunBaTh

Pungent - eaxuid, )Kry4duid

Pure - gucThIit

To purify - ouniiaTe, YUCTUTH

Purite - muput

Purple - mynpymipHsrit

Pyridine- mupuaua

Pyrometry - nupomerpus

Pyroxene - mupokcen (MuHEpa)
Quantitative - koTMYECTBCHHBII
Quaternary ammonium compounds -
YeTBEPTUIHBIC aMMOHHUEBBIC
COCIMHEHHUS

Radium - paguii

Radius - paguyc

Rainwater - noxxaeBas Boaa

Range - psn, nunus, 0671acTh;
BBICTPAMBATHLCS B PSJ, pacIoyiaraTh B
TTOPSIIKE

Rate - ckopocTh

Rate-controlling - ckopocTs -
KOHTPOJIUPYIOIIUI

Rather - nyuarie, ckopee,
MPEIOYTHUTETHbHEES

Ratio - oTHOIIEHNE (COOTHOIIIEHHE)
Raw - ceipoii, HeoOpaOoTaHHBIN
Raw materials - ceipne

Reactant - pearenT, BemiecTBo
YYaCTBYIOIIIEE B PEAKITUU
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Reactive - xuMu4eckn akTHBHBIN
Reactivity - peakimonHas CrocoOHOCTh
Readily - 6s1cTpO, cpasy, ¢
TOTOBHOCTBIO, OXOTHO

Reagent - peareHT, peakTus
(XMMUYECKOE COETUHEHHUE)

Reagent paper - nakmycoBasi Oymara
To reduce - BoccranaBauBaTh ( B
XUMHYECKON peaKIIin)

Reducing agent - BoccTaHOBUTEJIb
Reduction - BoccTaHOBIICHHE

To refer to - oTHOCHTBCSI, CCHITIATHCS
Refinery - ouncTUTEIBHBIN 3aBO/

To reflect - orpakaTh(-cs1)

Reforming - pudopmunr
(HEepTEenpOIyKTOB)

Refractive - npenomistonuii
Refractory - orueynopHbIii MaTepua;
TYTOIUTaBKHM, OTHEYCTONYMBBIN
MaTepurai; OrHEYIIop

Refrigeration - oxmnaxacHue,
3aMOpaKMBaHNE

To regard - paccmaTpuBaTh, UMETh
OTHOIIICHUE, CUNTATh, KACaThCs
Relative atomic mass (r.a.m.) -
OTHOCHTEIIbHAS aTOMHAsl Macca

To release - ocBo60OX1aTh,
BBICBOOOJK/IaTh; OTIYCKaTh, BHITYCKATh
To remain - ocraBaTbcs
Removal — nepemerienue, yctpanenue
Replication - xomnus, KomupoBaHKE;
BO3paKECHUE, OTBET

To reproduce - BOCIIPOU3BOIUTH
To require - TpeboBaThH

To resemble - OBITH TOXO0KHM
Reserve - pe3eps, 3amac; 3anacarb,
coeperarhb

Reservoir - 3amac, HICTOYHUK;
XpaHWIHIIE, pe3epBYyap



Residence - npoxuBaHue,
npeObIBaHUE, JUTUTEIHBHOCTh
npeObIBaHUS

Resin - cmoina

Resistance - conporusnenue,
IIPOTUBOJECHCTBUE

Resistant - conpoTUBIISIONIHIACS;
CTOVKHH, IPOYHBIN

Resonance - pezonaHnc

Respiration - geixanue, BIOX
Responsible - oTBeTCTBEHHBIH,
HaJe KHBIN

To restrict - orpaHrYUBaTH
Reversible - o6paTumprii

Rhodium - pomuii

Rigid gel - ycroitunBerii reib;
’KECTKMI, HEIOAATIIMBbIN I'ellb
Ring - KoJbI10, OKPYXaTh; 3BOH,
3BCHETH

TO rise - BOCXOIUTh, TOAHUMATbHCS;
MOBBIIIICHHUE, CTETICHB IMObeMa
Risk - puck; puckoBaTh

To roast - o0xkurarh, MPOKaIUBAThH
Rock - kamens, mopoa, ckaa;
KayaHue, KojcOaHue

Root - ocHOBaHME, KOPEHB; IPUUYNHA,
HUCTOYHUK

Roughly - mpumepHo, npuOIM3UTETEHO
Route - nopora, nyTh

Rubber -pe3una, kayuyk; moKpbIBaTh
PE3UHOM; PE3UHOBBIN

Rubidium - pyouanii

Safety - 6e30macHOCTb

Salicylate - canuiunat (coss uin 3¢up
CaJTUIUIIOBON KHUCIIOTHI)

Sand - necok, rpaBuii

Saturation - HacbIeHHE

Scandium - ckananii

Screen - skpaH, IIUT, 10CKa;
MIPOU3BOIUTH MPOBEPKY

Scrutiny - TmaTenpHOE U3yUeHUE
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Scum - rneHa, HaKHIIb, IUTAK; CHUMATh
MICHY; CHUMATh HAKHIIb

To seal - 3aneuarsiBaTh

Seawater - mopckas Bozia

Secondary alcohol - BropuunsIii ciupT
Sedative - ceqaTUBHBI,
YCITIOKanBaOIIUN

Selective - BLIOOpOUYHBIH, CEICKTUBHBIH
Semiconductor - moxynpoBOIHHUK
Sensitivity - 4yBCTBHTEIBLHOCTD
Shallow - moBepxHOCTHBIH,
HEeTrTyOOKHit

Shape - Bux, popma

Sheen - mnactuna

Shock tubes - ynapusie TpyOku

Short atmospheric life -time particles -
KOPOTKOXXHBYIIHE aTMOC(HEPHBIE
YaCTHUIIBI

Siderite - cunepur

Significant - cymecTBeHHBIH,
3HAYUTEJIbHBIN

Silent - Tuxuii, OecIIryMHBI#

Silicate - cumukat

Silicon- kpemuuii

Silver - cepebpo

Silvery - cepeOpucTbIii

Single - emuHUYHEIA, OAMH,

€ IMHCTBEHHBIN

Single charge - equHUYHBIN 3apsia
Sinking - ocenanue

To be situated - HaxoguTBCS

Size - pasmep, pa3mMepHbIit

Skin - xoxa, 1mkypa, HapyHBIH CIIOH,
o0oJi0uKa

Slag - nutak (MeTasn), mopucTas
ryOuaras jaBa

To slake - racuts T1aMs, racuTh
U3BECTh

Slippery - ckob3KwHii

Slit-Shaped - meneooOpa3HbIit
Smaltite - cmanbTuT (MUHEpaT)



Smell - 3amax, maxayTthb

To smelt - maaBuThH, BHIIIABIATH
Smoke - 1bIM, KOIOTh, KOIITHTh
Sodium - Harpwmii

Soft - Markuit

Soil - mouBa

Sol -301

Solar -conHeuHbIit

Solder - mpumoii

Solid lubricant - cma3siBaromuit
MatepHuall TBepAOH KOHCUCTCHIINU
Solidification - 3aTBepaeBanue,
TBEPJICHHUE, 3aCTHIBAHUC

Solubility - pactBopumocTh

Soluble - pacTBopumsrii

Solute - pacTBOpeHHOE BEIIECTBO
Solution - pactBop

Solvation - conpBaTanus

To solve - pemats, pa3pemiats (3agaqy,
npo0JemMy); pacTBOPATH (-C5)
Solvent -pacTBopuresnb

Soot - caxa

Soot formation - caxxeobpa3zoBanue
Sparingly soluble - moxo
PacTBOPUMBIN

Spark ignition - uckpoBoii Bo3ropaHue
Spatially - mpoctpancTBEeHHO
Spattering - pa3OpsI3ruBaHue
Specific gravity - ynenbHbIN Bec
Specimen - obpa3sery

Sponge - ry0ka, ry0uaToe BEIIeCTBO
Sprinkler system - mporuBonoxapHas
crcTeMa

Stable - ycroiuuBebrit

Stainless steel - HeprkaBetorast cranb
Standard hydrogen half-cell -
CTaHJAPTHBIN BOJAOPOIHBIN JICKTPO/T
(ToJty»nemMeHT)

Starch - kpaxman

Steam - map

Step - mar, star, ctagus

132

Stinging - >kry4uii, ocTpbIi

Stirring - nomemuBanue,
B30aJITHIBAaHUE

Stock solution - ocHOBHOI#1 pacTBOp
Storage - xpanenue

Stream - nmoTok, cTpys

Strength - npounocTh

To strike (struck, struck) - 3axuratb
Strong - cunbHBIN, TPOYHBIN
Strontium - ctpoHLuii
Subbituminous coal - Oypsrit yros,
N0JTyOUTYMHHO3HBIN YTOJIb

To sublime - cybmumupoBathb
Subsequent - mocneayromui, Oosee
O3 IHUMN

Subshell - nogo6omouka

To be suitable for - 6bITE MOAXOASIINM,
OBITH TOTHBIM

Sulphate - cyasgat(VI)

Sulphide - cynedun

Sulphide galena - raneaut(mMunepan),
cynbGuI CBUHIA

Sulphite - cynsput(IV)

Sulphur - cepa

Sulphuric acid - cepnas kucnora
Sum - cymma

Superacid - cynepkuciora

Super oxide - cynepokcu

Support - moxnepkka; OCHOBA,
MOJITOXKA

TO suppress - noaaBIATh

To surround - okpykaTh

To be susceptible to smth. -
BOCTIPUUMYHBBINA K YEMY-JIHOO
Suspended - B3BeIIEHHBII
Suspended matter - B3Bech

Swamp - 6om0T1O

Tall tower (lime kiln) - BeicoTHas
OarHs

Tanning -nyonenue

Tar - nerotb



Target - mureHs, 1eb

To tarnish - BeI3pIBaTh MOTYCKHEHUE
(HampuMep, peakirel OKUCICHUS )
Technique - metoa, crmocod, MeToaMKa
Temperate Zone - yMepeHHbIN TOsIC
Temporary - BpeMeHHbIN

To tend - uMeTh TEHIEHINIO,
yIPaBIISTh

Tension - HanpsDKeHKE, HAPSHKEHHOE
COCTOSIHHE

Ternary - TpoitHOH,
TPEXKOMITOHCHTHBIH

Tertiary alcohol -tpetnunbIii ciupt
Tetrachloromethane - Terpaxinopmeran
Tetrahedron - rerpasp

Thereby - takum o6pazom

Thermal conductivity - repmuueckas
MPOBOJAMMOCTH

Thermocouple material - matepuain
TepMotnap

Thorium - Topuii

Tiles - yvepenuua, kadennb

Tin - onoBo

Tinge - oTTeHOK

Tissue - TkaHb

Transform - u3smensrs,
peoOpa3oBLIBATH

Transition - nepexon

Transition elements - nmepexonHsie
DIIEMCHTBI

Translucent - npocBeunBaromii,
MTOJTYTIPO3PAYHBIN

Transmission - nmepenaya, COOOIICHHE,
MIPOXOXKICHUE; TTPUBO/I; TPAHCMHUCCHS
Transparent - npo3pauHblii

Trend - HanpaBicHKE

To treat - oOpabaThIBaThH

True (solution) - uCTUHHBINA PacTBOP
Tunable - nHacTpanBaeMbIif,
MEPECTPANBAEMBIN

Tungsten - Bonbdpam
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Turbine blade - nomatka TypOuHBI
Tuyere - pypma

Type metals - nonurpaduyeckuii rapt
(;tuTepa, mpudT)

To undergo - uCIBITHIBATS,
IOJIBEpraThCs

Unique - yHUKaTbHBIHI

Univalent - ogaoBaneHTHBIN
Unknown - Hen3BeCTHBIM
Unpleasant - HenpusTHbIH
Unsaturated -HeHaChIIIEHHBIN
Uptake - mormomieHue

Upward - HarpaBJieHHBIN HJTH
JIBMDKYIIIUICS BBEPX

Uranium - ypau

Urea - MoueBHHa
Urea-formaldehyde resins -
MOYEBHHO()OPMAIIICTUIHBIC CMOJIBI
Utility - mone3nocThb

Validity - nelicTBUTEILHOCTD;
000CHOBaHHOCTb, 3HAYUMOCTD
Value - 3HaueHue

Valve — knamnan

Vapour - map

Various - pa3TuaHbIHA

Vat - 6ak, mucTepHa, Ky0; HaJIUBaTh B
Oax

Vegetable matter - maTepuabr
PaCTUTEIILHOTO MIPOUCXOKICHHUS
Vehicle - TtpancnopTHOE CpeacTBO
Velocity - ckopocTh

Vermiculite - BepmuxymuT
(uepBeoOpa3HbIil) (MUHEpPAIT)
Vigorously - cuipHO, SHEPTHYHO
Virtual - hakTryeckwuid,
JEUCTBUTETHHBIN, YO PEKTUBHBIN
Viscose - Bucko3a (I1eK BUCKO3HbIH)
Vital - )u3HeHHBI#

Vitriol - MeaHbIH, XKeNe3HbIH KyIOpoC
Volatile - neTyuwmii, 1erko
VCTIAPSIOLIUICS



Volcanic - ByjKkaHUYEeCKHit

Voltage - nanpsoxkenue
(27IeKTpUYECKOEL)

Voltammetry - BombTammepomeTpust
(MeTox uccienoBaHus)

War - Boiina, 60pr0a, aHTarOHU3M
Warming - moreruienue

Wax - Bock

Weak - c1a0brit

Whilst=While - moka, B T0o Bpems Kak,
KoT/1a

Whitewash - H3BeCTKOBBIN PacTBOP
JUIS TTI0O€NKH, MMo0eIKa

Wine - BHHO; 4T0-1I100 Ooapsiiee
Wine stone - BUHHBIH KaMEHb

To withstand - Bergepxats, mpoitu
Woody-fiber - npeBecHoe BOIOKHO
Work-hardening - Mmexannueckoe
yIIPOYHCHHE

Wrought iron - cBapodHOe keme30

Xanthate - kcanrtat

Yarn - npspka; HUTh

Toyield - mpuBoauTh K 0Opa30BaHUIO
(dero-i1.), BEI3BIBATH 0Opa30BaHUE
(uero-i.)

Yttrium - urtpwmii

ZinC - IUHK

Zirconium - 1upKOHMIA
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