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IpeauciioBue

HanHoe ydeOHOe mocoOue Mo MNPOPECCHOHANBHOMY AHITIMHCKOMY S3BIKY
«OCHOBBI AaHAJUTHYECKON XHUMHUU» MPEAHA3HAUYEHO IJs pabdOThl CO CTYAEHTaMHU
CTapIIMX KypCOB U aCIUPAHTOB XMMUYECKUX CIIELIMAIIBHOCTEN.

Ilenpto  mocoOusg  sBhAseTcss  (GOPMUPOBAHHWE  YPOBHS  HMHOSA3BIYHOM
po(heCCUOHATIbHO-OPUEHTUPOBAHHON KOMMYHHMKAaTUBHOW KOMIIETEHIIMH, KOTOPBIN
MO3BOJISIET MCHOJIB30BaTh AHTJIMMCKHUI SI3bIK KaK CPEICTBO OOIIEHUS Ha YpOBHE
MEXIYHAPOAHBIX  TpeOOBaHMWA 1  OPOJOJDKEHUsS  0Opa3oBaHUsT U B
npo(ecCHOHANBPHOM  JAEATENPHOCTH B YCIHOBUSX  TNoOanmu3aluud  pBIHKA
MHTEIJJIEKTYAJIBHOTO TPYyAa.

VYHUKaJIBHOCTh MOCOOMSI COCTOMT B TOM, YTO OHO COJIEPKUT ayTEHTHUYHBIE
TEKCTBI 110 aHATUTUYECKOM XMMUM U NpoOJIeMHbIE 3a1aun. Pa3roBopHas mpakTuka B
CIIELIMAIIBHOM Kypce IIOCTPOE€HA, B OCHOBHOM, C OIOPOM HAa CXEMBbl M TEKCTBHI IIO
naHHOM TemaTuke. CTpykTypa mocoOHsi MO3BOJIIET TMOKO BapbUpOBAaTh (POPMBI
paboThl, BOBJEKas OOYyYarOIIMXCS B JUCKYCCHUHU «IIpEenojiaBaTelb - TIpyIIay,
opranusys paboTy CTyIEHTOB B Mapax, a TakkKe CTUMYJIHUPYsS MOHOJIOTMYECKHE
BBICKA3bIBaHUS.

Y4eOHOoe mocoOue COCTOMT U3 pas3fesioB, BKIIOYAIOUMX paboTy Hajg
IPaMMaTUKOM, pacIIMPEHUEM NOTCHIMAIBHOIO CIIOBApsi, Pa3BUTUEM HABBIKOB
YTEHUs, TOBOPEHUA M MHUCbMa, a TAKXKE MPEANOJIaracT BBITOJIHEHHE CTYJIECHTAMH
3alaHUid  TI0 AHHOTHUPOBAHUIO, pedepUpPOBAHUIO, MPE3CHTALMA HAYYHBIX CTAaTE€d W
pelieHre 3aJad Mo AHAIWTUYECKOM XHMMHMHM Ha aHrjauickoM si3bike. llocoOue
ITO3BOJISIET MCMOJIb30BATh ITOJIYYEHHBIE CTYJECHTAMHU 3HAHMS JJII CAMOCTOSTEIIbHOU
MOATOTOBKHU YCTHBIX COOOIICHH, TOKIIAJA0B, IPE3EHTALUN 110 TEMaM WU HpodiiemMam
npodeCCUOHANIBHOTO XapakTepa. B koHIle mocoOusi MPUI0KEH TEPMUHOJIOTUUECKUN
CIIOBapb C OOBACHEHHWEM 3HAYCHUM OCHOBHBIX TEPMHHOB, NPHUMEHSEMBIX B
AHAJIUTUYECKOM XHMMHM, 4YTO IOMOIaeT CTYJIEHTaM JIyYlle€ IOHSTh TE€ SIBJICHMS,
KOTOpBIE PACCMATPUBAIOTCS B yUEOHOM ITOCOOUH.

OmnsbIT npenojaBaHus MO JaHHOMY MOCOOMIO IOKa3ajl, 4To Mocjae NpopaboTKu
BCEX €ro pPa3leloB CTYACHTbl HE TOJIBKO YHUTAIOT M IEPEBOISAT OPUTHHAIBHYIO
JIUTEPATYPY, HO M MOTYT TOATOTOBUTH COOOUIEHHS] M BBICTYIUIEHHUS IO
IIPOYUTAHHOMY HMCTOYHUKY Ha AHIJMHCKOM SI3bIKE, BBICTYNUTh C JOKJIAJAOM Ha
KOH(EepeHLIUU U cAenaTh Npe3eHTAIHIO.

ABTOpBI  BBIpaXalOT OJarogapHOCTh PEIEH3EHTaM, 3aMEYaHUsl KOTOPBIX
MOMOTJIM CYHIECTBEHHO YJIYUYUIUTh JAHHOE MOCOOUE.

ABTOpBI



UNIT 1
Subject of Analytical Chemistry
Grammar: Passive Voice

1. Warm-up:
Before reading the passage ask students of your group their opinions on some
aspects of analytical chemistry.

e What do you think of analytical chemistry?

e s it useful for people? Why?

e What does analytical chemistry deal with?

2. Study the meanings of the following words and think of the sentences
with these words.

deal with, v do business with (Il Il form - dealt)
branch, n subdivision, section
quality, n attribute, characteristic, property, degree of
excellence
quantity, n number, amount, specified or considerable amount
up-to-date, adj new, advanced, modern
technique, n [te’kni:k], method of performance
interaction, n contact, relations, co-operation between particles
: to get, to acquire, to receive, to succeed in doing
obtain, v
smth
cutting edge forefront, front position
currently, adv at present, now
. example; particular case; v - to illustrate, to
instance, n .
exemplify.
_— numerical quantity of electrostatic charge assigned to
oxidation number, n
a molecule atom.
oxidation, n the process of increasing the oxidation number.
reduction, n the process of decreasing the oxidation number.
oxidizing agent. n (An acceptor of electrons) it gains electrons and it is
g agent, said to be reduced by the reducing agent.
reducing agent. n (a donor of electrons) it looses electrons and it is said
g agent, to be oxidized by the oxidizing agent.




REDOX reaction, n

process of the transfer from reducing agent to
oxidizing agent.

forensic, adj

relating to scientific tests used to help with laws.

fertilizer, n

[fWtal’lalzq], natural or artificial substance added to
soil to make it more fertile (that can produce good
crops).

contaminant, n

that makes smth. impure.

[‘rezidjH], a small amount of smth that remains after

residue, n . :
the main part is taken or used
[bIAd], the red liquid flowing through the bodies of
blood, n .
humans and animals.
disease, n [dI’zJz], illness of the body.
defendant, n a person accused in a crime.
efficacy, n ['eflkgsl], the state or quality of being effective.

precipitate, n

[prl'slpltqt], substance chemically precipitated

fingerprint, n

a mark made by the lower surface of the tip of the
finger used for identifying people.

ban, v to forbid to do smth officially.

diuretic. n [daljy’retlk], a substance causing an increase in the flow
’ of urine.

analgesic,

Eéggtlsgf‘lﬁ]’ : substances that relieve pain

anesthetic, n

immunoassay, n

Immune-analysis

elution, n extraction from adsorbent, washout.

craft, n skill

routine [ ru:'tdn], regular course: regularity or procedure
appropriately, adv | suitably, correctly, fittingly

feasibility, n practicality

3. Skim the passage and answer the following questions using the

information from the text or from any other sources. Ask your partners about
these problems.

e What does analytical chemistry concern with?
e What do all chemists routinely make?
e What is one of the distinctions between analytical chemistry and chemical

analysis?

e Is analytical chemistry a separate branch of chemistry?
e What role does analytical chemistry play in our life?
e Is it important to know about chemical composition of various substances?

Why?

o What fields of application of analytical chemistry are mentioned in the text?
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WHAT IS ANALYTICAL CHEMISTRY?

We begin this section with a simple question: what is analytical chemistry? Like
all fields of chemistry, analytical chemistry is too broad and active discipline for us to
easily or completely define in an introductory textbook. Instead, we try to say a little
about what analytical chemistry is, as well as a little about what analytical chemistry
Is not. Analytical chemistry is often described as the branch of chemistry responsible
for characterizing the composition of matter, both qualitatively (what is present) and
guantitatively (how much is present). This description is misleading. After all, almost
all chemists routinely make qualitative and quantitative measurements. The argument
has been made that analytical chemistry is not a separate branch of chemistry, but
simply the application of chemical knowledge.

In fact you probably have performed quantitative and qualitative analyses in
other chemistry courses. For example, many introductory courses in chemistry
include qualitative schemes for identifying inorganic ions and quantitative analyses
involving titrations. Unfortunately, this description ignores the unique perspective
that analytical chemists bring to the study of chemistry. The craft of analytical
chemistry is not in performing a routine analysis on a routine sample (which is more
appropriately called chemical analysis), but in improving established methods,
extending existing methods to new types of samples, and developing new methods
for measuring chemical phenomena.

Here is one example of this distinction between analytical chemistry and
analytical analysis. Mining engineers evaluate the economic feasibility of extracting
an ore by comparing the cost of removing the ore with the value of its contents. To
estimate its value they analyze a sample of the ore.

4. Fill in the gaps with appropriate word(s) from a box given below.

ANALYTICAL OBJECTIVES
OR WHAT ANALYTICAL CHEMISTS DO

Analytical chemistry concerns with the chemical characterization of matter.
Chemicals make up everything we use or consume, and knowledge of the chemical
composition of many substances is important in our daily lives. Analytical chemistry
plays an important role in nearly all aspects of chemistry, for example, agricultural,
clinical, environmental, 1)...(relating to scientific tests used to help with laws),
manufacturing, metallurgical, and pharmaceutical chemistry. The nitrogen content of
a 2) ...( that can produce good crops) determines its value. Foods must be analyzed
for 3)...(that makes smth impure) (e.g. pesticide residues) or vitamin content. The air
in cities must be analyzed for carbon monoxide. 4) ...(the red liquid flowing through
the bodies of humans) glucose must be monitored in diabetics (and, in fact, most
diseases are diagnosed by chemical analysis). The presence of trace elements from a
gun powder on a murder 5)... (a person accused in a legal cast) hand will prove a
gun was fired. The quality of manufactured products often depends on proper
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chemical proportions, and measurement of the constituents is a necessary part of
quality control. The carbon content of steel will determine its quality. The purity of
drugs will determine their 6).... (quality of being effective).

fertilizer blood defendant’s contaminant  efficacy forensic

- WAL R T,
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5. Work in pairs.
Make up a dialogue about objectives and necessity of analytical chemistry.

6. Read the following passage carefully and find answers to the following
guestions.
e What is the difference between qualitative analysis and the quantitative one?
e Which kind of these analyses is more important for people? Give reasons for
your opinion.
e Where is the quantitative analysis applied?

QUALITATIVE AND QUANTITATIVE ANALYSIS

The discipline of analytical chemistry consists of qualitative analysis and quanti-
tative analysis. The former deals with the identification of elements, ions, or com-
pounds present in a sample (we may be interested in whether only a given substance
is present), while the latter deals with the determination of how much of one or more
constituents is present. The sample may be solid, liquid, or gas. The presence of
gunpowder residue on a hand generally requires only qualitative knowledge, not of
how much is there, but the price of coal will be determined by the percent of sulfur
impurity present.

Qualitative tests may be performed by selective chemical reactions or with the
use of instrumentation. The formation of a white precipitate when adding a solution
of silver nitrate to a dissolved sample indicates the presence of chloride. Certain
chemical reactions will produce colors to indicate the presence of classes of organic
compounds, for example, ketones. Infrared spectra will give "fingerprints" of organic
compounds or their functional groups.

For quantitative analysis, a history of the sample composition will often be
known (it is known that blood contains glucose), or else the analyst will have
performed a qualitative test prior to performing the more difficult quantitative
analysis. Modern chemical measurement systems often exhibit sufficient selectivity
that a quantitative measurement serves as a qualitative measurement. However,
simple qualitative tests are usually more rapid than quantitative procedures.
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Qualitative analysis is composed of two fields: inorganic and organic. The former is
usually covered in introductory chemistry courses, whereas the latter is best left until
after the student has had a course in organic chemistry.

In comparing qualitative versus quantitative analysis, consider, for example, the
sequence of analytical procedures followed in testing for banned substances at the
Olympic Games. The list of prohibited substances includes about 500 different active
constituents: stimulants, steroids, beta-blockers, diuretics, narcotics, analgesics, local
anesthetics, and sedatives. Some are detectable only as their metabolites. Many
athletes must be tested rapidly, and it is not practical to perform a detailed
guantitative analysis on each. There are three phases in the analysis: the fast-
screening phase, the identification phase, and possible quantification. In the fast-
screening phase, urine samples are rapidly tested for the presence of classes of
compounds that will differentiate them from "normal™ samples. Various techniques
include immunoassays, gas chromatography, and liquid chromatography. About 5%
of the samples can indicate the presence of unknown compounds that may or may not
be prohibited but need to be identified. Samples showing a suspicious profile during
the screening undergo a new preparation cycle (possible hydrolysis, extraction),
depending on the nature of the compounds that have been detected. The compounds
are then identified wusing the highly selective combination of gas
chromatography/mass spectrometry (GC/MS). In this technique, complex mixtures
are separated by gas chromatography and they are then detected by mass
spectrometry, which provides molecular structural data on the compounds. The MS
data, combined with the time of elution from the gas chromatograph, provide a high
probability of the presence of a given detected compound. GC/MS is expensive and
time consuming and so it is used only when necessary. Following the identification
phase, some compounds must be precisely quantified since they may normally be
present at low levels, e.g., from food, pharmaceutical preparations, or endogenous
steroids, and elevated levels must be confirmed. This is done using quantitative
techniques such as spectrophotometry or gas chromatography. This text deals
principally with quantitative analysis. In the consideration of applications of different
techniques, examples are drawn from the life sciences, clinical chemistry,
environmental chemistry, occupational health and safety applications, and industrial
analysis.

7. Look through the text once more. From the five titles presented below
choose the one which expresses better the main idea of the text. Explain your
choice.

e the identification of elements
simple qualitative tests
the fast-screening phase
the identification phase
possible quantification



8. Put questions to the text given above and ask your group-mates.

9. State whether the information below true or false.

Analytical chemistry does not concern with chemical characterization of
matter.

Blood glucose must be monitored in diabetics.

Analytical chemistry deals with the identification of elements.
Qualitative tests may not be performed by selective chemical reactions.
Analytical chemistry is not used by policemen.

10. Read the following text and say what problems are discussed here, then
find the facts supporting your idea.

TECHNIQUES

There are many techniques of materials analysis. They are all based on
interaction of material and energy. This interaction permits obtaining a signal that is
then detected and processed for further information.

The types of analysis techniques conform to various types of energy:

Spectroscopic analysis

Spectroscopic methods of analysis deal with interaction of the analytical
samples and electromagnetic radiation.

Electrochemical analysis

Electrochemical methods of analysis deal with interaction of material and an
electric field.

Mass analysis

Mass or gravimetric methods of analysis are based on the interaction of material
and a gravity field.

The given method makes it possible to apply both gravity forces and
electromagnetic fields, for instance mass spectrometry. This method is based on the
interaction of analytical sample with electric and magnetic fields.

Thermal analysis

For example, calorimetric and thermogravimetric analyses, which deal with
interaction of material and heat.

The detection and analysis of multiple simultaneous signals is the subject of
cutting-edge research in analytical chemistry. In order to utilize the techniques
available currently, complex material mixtures must be separated into simpler
samples for individual analysis.


http://en.wikipedia.org/wiki/Energy
http://en.wikipedia.org/wiki/Signal_(information_theory)
http://en.wikipedia.org/wiki/Energy
http://en.wikipedia.org/wiki/Spectroscopy
http://en.wikipedia.org/wiki/Electromagnetic_spectrum
http://en.wikipedia.org/wiki/Electric_field
http://en.wikipedia.org/wiki/Gravimetric_analysis
http://en.wikipedia.org/wiki/Gravitation
http://en.wikipedia.org/wiki/Gravitation
http://en.wikipedia.org/wiki/Magnetic_field
http://en.wikipedia.org/wiki/Mass_spectrometry
http://en.wikipedia.org/wiki/Electric_field
http://en.wikipedia.org/wiki/Magnetic_field
http://en.wikipedia.org/wiki/Calorimetry
http://en.wikipedia.org/wiki/Thermogravimetric_analysis
http://en.wikipedia.org/wiki/Heat

Overall scheme of analytical methods of analysis is given in Fig. 1.

TECHNIQUES OF ANALYTICAL
CHEMISTRY

/ \

CHEMICAL METHODS PHYSICOCHEMICAL METHODS
OF ANALYSIS OF ANALYSIS

. Weight methods of - Radiometric methods of
analysis analysis
. Volumetric methods * Electrochemical methods
of analysis of analysis
. - Optic methods
of analysis

+ Thermal methods
of analysis

Fig. 1. Techniques of analytical chemistry

11. Tell about the difference between chemical and physicochemical
methods of analysis.

12. Look at the scheme and say a few words about each of the methods
posed by the authors (What are they based on? What is the purpose of their
measurements?).

13. Read the following sentences and then define what method of analysis
they refer to. Fill in the table below with the corresponding numbers.

e 1. The given method of analysis makes it possible to define the weight content
of the element in the substance.

e 2. In this method of analysis the devices are used for measuring the heat
quantity.

e 3. Inthe course of the given analysis it is necessary to carry out thorough
ashing of the filtered material on the filter paper.

e 4. In this method the qualitative analysis is carried out by eliminating the
radioactive radiation spectrum.

e 5. The set of the given method is based on the interaction of the light flux and
the analytical material.

e 6. The present method of analysis uses a redox chemical reaction and a
titration process without using the additional equipment.

e 7. The given method of analysis uses the group of electrodes, through which
the exterior influence of a quantity of electricity on the analytical sample is
applied.
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Chemical methods of analysis

Physico-chemical methods of analysis

14. Skim the following passage and answer the questions below.

e What do analytical methods rely on?

e Where do chemists keep their glassware?

e What does a standard method for analysis of concentration involve?

APPLICATION OF TECHNIQUES IN ANALYTICAL CHEMISTRY

Analytical methods rely on scrupulous attention to cleanliness, sample
preparation and accuracy.

Many practitioners keep all their glassware in an acid and analytical equipment
should be washed in special pure solvents to prevent sample contamination.

A standard method for analysis of concentration involves plotting a calibration
curve.

If the concentration of element or compound in a sample is too high for the
detection range of the technique, it can simply be diluted in a pure solvent. If the
amount in the sample is below an instrument range of measurement, the method of
addition can be used. In this method a known quantity of the element or compound
under study is added, and the difference between observed total concentration of
solution and concentration added is the actual amount in a sample.

PUBLIC OPINION POLL
15. Which of the things on the list do you think could be areas where
analytical methods could be applied?

Spectroscopic Thermal

Branch of science/technology analysis Mass analysis analysis

Nuclear energy

Biotechnology

Genetic engineering

Space exploration

Agriculture astrology

Medical research

Control and reduction of pollution

Robotics

Information technology

Total
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http://en.wikipedia.org/wiki/Accuracy_and_precision
http://en.wikipedia.org/wiki/Calibration_curve
http://en.wikipedia.org/wiki/Calibration_curve

16. Discuss the results of the public opinion poll in the class. Give reasons
for your opinion.

]

GRAMMAR REVISION
The Passive Voice

| Tobe +V5(Vey) |

Simple Continuous Perfect
Present | | am asked/sent | am being asked/sent | have been
asked/sent
Past | was asked/sent | was being asked/sent | | had been asked/sent
Euture | shall be B | shall have been
asked/sent asked/sent

1. In the following sentences the verbs are given in the Passive Voice.
Rewrite these sentences using the verbs in the Active Voice.

1).The purity of drugs is determined by their efficacy. 2). Qualitative tests may
be performed by selective chemical reactions. 3). Presence of classes of organic
compounds is indicated by the certain chemical reactions. 4).The compounds are
identified using the highly selective combination of gas chromatography/ mass
spectroscopy. 5). “Fingerprints” of organic compounds or their function groups are
given by infrared spectra. 6) Much has been written about this in the press. 7) The
experiment has been carried out successfully. 8) The important document has been
found at last. 9) Electrons have been spoken of as moving in orbits about the atomic
nucleus. 10) It had been already mentioned that many of the elementary gases could

exist in diatomic molecules.

2. Choose a suitable phrase in column “B” to accompany the passive
constructions in column “A” and translate the sentences into Russian.

A

B

1. Food must be analyzed
2. The air in the cities must be analyzed
3. Blood glucose must be monitored

4. Most diseases must be diagnosed

5. Qualitative tests may be performed

a) for carbon monoxide

b) in diabetics

¢) by chemical analysis

d) by selective chemical reactions
e) for contaminants or vitamin contents

12




3. Translate the following sentences into Russian. Pay attention to Tenses in
the Passive Voice.

1. Much attention is being given to the modern equipment of research
laboratories. 2. The idea of constructing a new plant in our city was being widely
discussed some years ago. 3. Wide investigation is being carried on in the field of
machine-building now. 4. Many old plants and shops are being reconstructed now. 5.
Great progress is being made in machine-building at present time. 6. This experiment
was being carried out under low pressure. 7. New automation equipment is being
installed in our shop. 8. During the war the radar was being used for detecting
airplanes. 9. Plastic materials are being used for home constructions for a long time.
10. Much attention is now being paid to the use of polymers because they possess
many desirable properties. 11. Nylon is being used to replace rubber and wood in a
great variety of articles.12. Infrared energy is being used in automatic regulation of
chemical and biological processes temperature. 13. This experiment is now being
carried out in vacuum. 14. Many different machines were being produced at this plant
in 2005.

4. Choose the appropriate forms of verbs given in brackets.

1. Two methods of reproducing sound in motion picture (have been found, has
found) 2. The majority of valves (have already been replaced, have replaced) with
tiny transistors. 3. By the end of the year a large variety of semiconductor devices
(will have been produced, will produce, will have produced). 4. New methods of
obtaining polymers (have applied, have been applied) at our plant. 5. Almost all
chemical elements which (have found, have been found) on Earth have been
discovered in the Sun and the planets of solar system. 6. It (has equipped, has been
equipped) with them by the end of the last year. 7. Some powerful radio stations
(have recently been built, will have built) in the northern regions.

5. Read and translate the following sentences into Russian. Explain the use
of tenses.

1. The output chemical products will have been greatly increased by the end of
the year. 2. The examinations will have been passed by the student by the end of
January. 3. This problem has not been given the greatest attention to. 4. The teacher
corrected the article that had been translated by the student. 5. Since the monument
had been made of granite, it was not destroyed by age. 6. Many uses have been found
for this material for its properties. 7. By 8 o’clock all the necessary work will have
been done. 8. By the evening the plant will have been given a new plan. 9. Our
drawings will have been finished by the end of the term. 10. It had already been
mentioned that many of the elementary gases could exist in diatomic molecules.
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SELF-CHECK

I. Translate the following sentences into English. Choose the necessary form
of the verb given in brackets.

1. B mponutom roay mocrpouau muoro mpomos (built, had built, were built, are
built).

2. Korza s mpuexait B 3TOT ropo/i, 3ToT goM crpowmics (was built, had been built,
was building, was being built).

3. Muoro nomoB ctpoutcs B Tomcke (are built, have been built, was being
built).

4. Dot oM Oynet moctpoeH B cienyroniem roay (will have been built, will be
built, will build).

I1. Translate the following sentences into Russian. Mind the Passive forms
of the verbs. Begin your translation with the preposition.

1. Electrons have been spoken of as moving in orbits about the atomic nucleus.
2. This law is generally spoken of as the Second Law of Thermodynamics. 3. In
general the oxidation number may be thought of as an electrical charge of the atom.
4. A base is referred to as a substance that accepts protons from another substance. 5.
This new phenomenon has been much written about. 6. Many of these substances are
not affected by atmospheric oxygen. 7. Complete precipitation is often ensured by the
use of the common ion effect. 8. A few of the uses of aluminum have already been
referred to in the article published this month. 9. Cellulose acetate is unaffected by
weak acids, oils and most solvents. 10. Since X-ray patterns for some amorphous
substances are similar to those of fluid liquids, they are looked upon as liquids which
have high viscosities, and are often referred to as super-cooled liquids. 11. The
preparation of sodium chromate from chromate ores has already been spoken of. 12.
The heating of the solution was followed by a sudden cooling, which resulted in
forming of a new product. 13. Gold is slowly attacked by fused nitrates and alkali-
metal hydroxides. 14. Glass and silica are not attacked by sulphuric acid of any
strength.

I11. Use the verbs given in brackets in the necessary Tense and Voice.
The teacher (to explain) new material at every lesson.

New material (to explain) by the teacher at every lesson.

The teacher (to explain) new material now.

New material (to explain) by the teacher now.

The teacher (to explain) new material this week.

The teacher (to explain) new material for 10 minutes since 9 o’clock in the
morning.

The teacher (to explain) new material yesterday.

o New material (to explain) by the teacher yesterday.

e The teacher (to explain) new material yesterday at 10 o clock.
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New material (to explain) by the teacher yesterday at 10 o’clock.

The teacher (to explain) new material tomorrow.

New material (to explain) by the teacher tomorrow.

The teacher (to explain) new material tomorrow by the end of the first
lesson.

UNIT 2
Chemical Methods of Analysis
Weight Method of Analysis: Gravimetry
Grammar: Modal Verbs;
to be; to have.

1. Warm up
Before reading the passage ask students of your group their opinions on some
aspects of analytical chemistry.
e Have you ever faced with chemical analysis in your life? Would you
describe this situation?
e Have you ever done the gravimetric analysis in the laboratory of
chemistry?
e Why is the weight method of analysis called gravimetric?

2. Match the given words in “A” with their synonyms in “B”.

A B
1. Confidence a) Bunch
2. Completeness b) Encourage, give incentive
3. Igniting c) Assurance, certainty
4. Factor d) Completion, entirety
5. Negligible e) Set fire
6. Growth ) Coefficient
7. Imperfection g) Small
8. Cluster h) Increase, expansion
9. Promote 1) Defectiveness, incompleteness

3. Skim the passage and answer the following questions using the
information from the text or from any other sources.

e What is gravimetric analysis?

e What reactions can be used in gravimetric analysis?

e What steps are needed to complete a gravimetric analysis?

GRAVIMETRIC ANALYSIS
Gravimetric analysis is the quantitative measurement of an analyte or a
compound containing the analyte by weighing a pure, solid form of the analyte.
Gravimetry is one of the most precise and also accurate methods of quantitative
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analysis. The limit of detection (the lowest concentration of a substance that can be
detected at a certain level of confidence) by gravimetry is 0.10 % and accuracy is
equal to 1 - 2 parts per thousand.

Reactions of the different types such as substitution reactions, exchange
reactions, decomposition reactions, complexion reactions, and also electrochemical
process can be used in gravimetric analysis.

The following individual steps are needed to complete a gravimetric analysis:

1. Preparation of the solution of the sample.

2. Quantitative precipitation of the analyte from solution. If the approximate
amount of analyte is known, the excess, which is 1.5 times more than required (for
the completeness of precipitation), is added.

3. Collecting the precipitate by filtration.

4. Washing it to remove impurities.

5. Drying or igniting.

If the collected precipitate is in a form suitable for weighing, it must be heated
to remove water and the solvent. Ignition is usually required if a precipitate must be
converted to a more suitable form for weighing. Many metals that are precipitated by
organic reagents or by sulfide can be ignited to their oxides.

6 Calculation.

Calculations associated with the gravimetric method are based on
stoichiometry. The analyte concentration in the sample is calculated from the weight
of the precipitate and knowledge of its chemical composition. The gravimetric factor:

K — M (sought)
M (weight)

Note that one or both of the formula weights must be multiplied by an integer in
order to keep the same number of atoms of the key element in the numerator and
denominator.

Here are some examples of gravimetric factors.

Substance sought Substance weight Gravimetric Factor
Al Al, O3 2M(ADN/M(AILO,)
CO, BaCO; M(CO,)/M(BaCQ:s)
Cr,04 BaCrO, M(Cr207)/2M(BaCrO4)
Fes0O, Fe,O4 2M(F€304)/3M(F€203)
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4. What are the requirements for precipitations in gravimetry?
Read the information below and find the answer to this question.

To perform gravimetric analyses successfully, the precipitations formed should

meet the following requirements:

e The substance being analyzed should be precipitated completely. The
precipitate should be sufficiently insoluble so that the amount lost due to
solubility will be negligible.

e The precipitate must not contain impurities. It should consist of large crystals
so that they can be easily filtrated. All precipitates tend to carry some of the
other constituents of the solution with them. This contamination should be
negligible; it is minimized also by keeping the crystals large.

e Since the analyte is almost always weighed in a form different from the
precipitated form, the precipitate formed should be easy and completely
converted into the weighed form.

e A gravimetric precipitate should be a compound of the known chemical
composition.

e A gravimetric precipitate should be a chemically stable substance.

These requirements can be fulfilled if we correctly choose precipitating agents,

conditions of precipitating, filtrating, washing and igniting the precipitate.

5. Choose a suitable phrase in column “B” to accompany phrases in column

“A” and translate the sentences into Russian.
A B

a) the precipitate formed should be easy
and completely converted into the
weighed form.

b) should be negligible.

¢) should be precipitated completely.

d) should be a compound of the known
chemical composition.

1. A gravimetric precipitate ...

2. The substance being analyzed ...
3. This contamination ...

4. Since the analyte is almost always
weighed in a form different from the
precipitated form, ...

6. Look through the text below and find the answers supporting the idea of
guestions:

e What is the mechanism of forming the precipitates?

e What are the conditions for analytical precipitation?
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7. Translate the sentences marked with an asterisk, explain grammar
constructions in these sentences.

When a solution of precipitating agent is added to a test solution to form a
precipitate, the actual precipitation occurs in a series of steps:

First, supersaturation occurs (around the point where the precipitating agent is
added), that is, the solution phase contains more of the dissolved salt than occurs at
equilibrium (if MeA is the precipitate being formed, K, (MeA) < [Me"] « /4"]). This
IS a metastable condition and the driving force will be for the system to approach
equilibrium (saturation).

This is started by nucleation.* For nucleation to occur, a minimum number of
particles must come together to produce microscopic nuclei of the solid phase.
Although nucleation should theoretically occur spontaneously, it is usually induced,
for example, on dust particles, or scratches on the vessel surface.

*Nucleation is followed by the particle growth, in which ions are added to the
nuclei, and which continues until equilibrium is reached. During this stage the initial
nucleus will grow by deposition of other precipitate particles to form a crystal of a
certain geometric shape. The rate of crystallization depends on the concentrations of
the reacting ions. If these are very high, the rate of crystallization is also high. With
increased growth rate, there is an increased chance of imperfections in the crystal and
trapping of impurities.

However, if the obtained particles are very small and have a very large surface-
to-mass ratio (which promotes surface adsorption), they may pass through the
colloidal state as they grow. As a precipitate forms, the ions are arranged in a fixed
pattern, so that the net surface change is zero. *However, the surface does tend to
adsorb the ion of the participate particle that is in excess in the solution; this imparts
a change. The adsorption creates a primary layer that is strongly adsorbed. It will
attract ions of the opposite charge in a counter layer and give an overall neutral
particle. There will be solvent molecules interspersed between the layers. Near the
equivalence point the electrostatic forces among the particles, which tend to keep
them apart because they all have changes of the same sign, become smaller than the
short-range forces of attraction that tend to bring them together. When the short-range
forces predominate, the particles coagulate, giving particle clusters or aggregates that
are large enough to settle out rapidly. However, if the secondary layer is loosely
bound to the primary one, the surface charge will tend to repel like particles, creating
a colloidal state.

Changing the condition of precipitation, both the crystalline and colloidal
precipitates of the same substance can be obtained.
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8. Match the given words in “A” with their synonyms in “B”.

A B
1. nucleation a) catch, grasp
2. scratch b) pass on, convey
3. trap C) encourage, support
4. promote d) spread, scatter
5. impart e) burn of nuclei
6. intersperse f) scrape, graze

9. Read the following passage and translate the sentences marked with an
asterisk. Explain grammar used here.

Conditions of the Formation of Crystalline
and Colloidal Precipitates

The particle size of precipitates will depend on the relative supersaturation of the
solution during the precipitation process.

According to this ratio the particle size of precipitates is inversely proportional
to the relative supersaturation of the solution during the precipitation process. This
formula is correct if the different volumes of the solutions of the equal concentration
are mixed. *The lower the solubility of the precipitate and larger the concentration of
the mixed reagents, the smaller crystals form and larger the rate of orientation is.

*Conversely, the smaller the difference Q-S (i.e. the higher the solubility of the
precipitate and smaller the concentration of the mixed reagents), the higher the rate
of orientation is and few large crystals form.* To precipitate large crystals, which
can be easily washed and filtrated, it is necessary to precipitate from dilute solutions
by adding dilute precipitating reagents slowly, with effective stripping (this keeps Q
low) and precipitate from hot solutions (this increases S).

Many precipitates do not give a favorable ratio, especially very insoluble ones.
Hence, it is impossible to yield a crystalline precipitate and the precipitate is colloidal
(large number of small participles). Therefore, it is necessary to create conditions of
the coagulation of small particles. The process of coagulation is reversible. An added
electrolyte (e.g. an acid or salts of ammonium) will result in a closer secondary layer
and will promote coagulation. Heating (70 - 80 °C) tends to decrease adsorption and
the effective charge in the adsorbed layers, thereby aiding coagulation. Stripping will
also help.

10. Explain the words given in bold.
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11. Tell about your scientific research in the University.
Use the following expressions:
e Gravimetry is one of the most precise and also accurate methods of

quantitative analysis.

We are developing a new process.

We are going to apply a new method.

My research has not been completed yet.
At present we are conducting research in ...

12. Make up gravimetric factors for the following substances

Substance sought Substance weight Gravimetric Factor
ZrO, ZrOC|28H20
Th Th,0;
U U30g
UsOs UO,(NOs),
U;30g (NH4)4UO,(COs3)3
Ce CG(NOg)gZNH4NOg4H20
Li,O LiAI[Si,O¢]
SO, Na3[Pd(8203)2]

13. Calculate the mass of the substances sought given in the table ( the 1-st
column), provided the total mass of the substances (the 2-nd column) is equal to

100 g.

14. Full the table represented below

Element | Precipitating Chemical reaction Prec_lpltate
sought reagent weighed
Ba™* S04~ Na,SO, + BaCl, — BaSO,| + 2NaCl BaSO,
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Element | Precipitating . : Precipitate
Chemical reaction g
sought reagent weighed

Fe,(SO,4); + 6NaOH — 2Fe(OH); +
3Na,SO,

Th(NO3); + 2(NH,4).C,04 —
— Th(C204)2l + 4NH4N03

AgNO;; + HCl — AgCI;:,l, + HNO;

NiC|2+2HC4H702N2 —
— Ni(C4H702N2)2l, + 2HC|

3FeCl, + 6NH,OH — 3Fe(OH)3| +
6NH.CI;
2F€(OH)3 — Fe,05 + 3H,0

-
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GRAMMAR REVISION

1. Translate the following sentences into Russian paying attention to the
modal verbs.

1. These scientists should have developed several prototypes. 2. Because of the
atomic nature of matter the early universe could never have been completely smooth.
3. He can translate articles concerning technical problems. 4. At the very center of the
sphere there may be a core of unknown composition and properties. 5 The electrons
must get closer to one another when matter is compressed. 6. | ought to concentrate
here on the conceptual content of relativity theory. 7. He ought to be more careful
with this new piece of equipment.

2. Translate the following sentences into Russian paying attention to the
meanings of the verb "'to have™.

1. The laboratory of general chemistry has many benches with a number of
drawers. 2. A first-year student has to carry out a number of experiments in the
laboratory of general chemistry. 3. This term the students have carried out a number
of experiments. 4. These substances have very low solubility. 5. They have to find
out the solubility of this substance. 6. They have found the solubility of this
substance and now can investigate its properties better. 7. This metal has found wide
application both in industry and in agriculture. 8. They have to raise the temperature
greatly as the mixture doesn't boil. 9. Hydrogen peroxide has been heated. 10.
Hydrogen peroxide has a lower vapor pressure than water. 11. The evaporation has
to be carried out in the water-bath. 12. This crucible has been used for heating some
solutions. 13. This solution has an unpleasant odor; he has to open the window. 14,
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Rhombic sulphur has to be kept at a temperature of 96°C. 15. If it is necessary to
purify water, you will have to pass it through porous paper. 16. It has to be noted
that chlorine dioxide reacts with water and yields a mixture of chlorous and chloric
acid. 17. It has been already noted that hydrogen is found in the free state only in
minute quantities. 18. To do so he had to use tacit assumption that a line has infinite
length.

3. Translate the following sentences into Russian paying attention to the
meanings of the verb "to be".

1. This substance is colorless and odorless. 2. Liquids which are not appreciably
soluble in each other, are called immiscible liquids. 3. Many new research institutes
are being built in our country. 4. They are discussing a very important problem
dealing with the development of new branches of chemistry. 5. The volume of an
object increases when it is heated. 6. There is a large new laboratory in our Institute.
7. This experiment is to be carried out again, the results are wrong. 8. The meeting of
our Chemical Society is to take place tomorrow at 5 o'clock. 9. He is to graduate
from the Polytechnic University in 2010. 10. This solution was to be heated in a
porcelain crucible. 11. The solution was heated and evaporated. 12. The glassware is
to be washed very thoroughly when the experiment is over. 13. The source of the
idea is to be sought (to seek) earlier. 14. We are to pass the first exam on the 10th of
January. 15. Everybody is to obey traffic regulations. 16. The quantity of a sample is
to be measured before experiment. 17. Every laboratory is to be provided with a
ventilating hood. 18. For this purpose a beam of positrons is to be sent along a narrow
antiproton beam traveling at the same speed. 19. The gas is to be collected over
water. 20. Different apparatus as well as materials are to be kept in these containers.

4. Find the sentences in which *'to be™ is a modal verb:

1. The laboratory was lit up very well. 2. This substance is to be heated to a
high temperature. 3. In this experiment we were to find out all the properties of this
substance. 4. This example was referred to by our teacher. 5. Hot water is to be
poured in a flask. 6. If dry chlorine gas is passed into liquid trichloride in a cooled
container, pentachloride is formed. 7. Silver is not attacked by oxygen under
ordinary conditions. 8. The use of this gas is to be omitted as it is very harmful. 9. If
the boiling point of the solution is to be established, you should carry out this
experiment. 10. Many ores which are to be refined often contain considerable quanti-
ties of impurities. 11. He is working at a very important experiment; it is to help our
researchers to finish their work. 12. The vapor pressure of this unstable phase is
greater than that of the stable phase at the same temperature.
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SELF-CHECK
Translate the text in writing, mind modal verbs (for 20 minutes).

The chemical industry needs instruments for accurate measuring. Good
measuring instruments are able to give rapid results. Without modern instrumentation
chemical processes were often controlled by a human operator who had to decide
what needed to be done. It was rather difficult to do. The results had often to be
checked thoroughly. There are many different kinds of measuring instruments and
there is much information about the instruments, which are to be used in chemical
plants. The purpose of all measuring devices is to control a chemical reaction. In a
process controlled by a human operator, the temperature, for example, can be read
from a thermometer. The operator is to decide whether the temperature is all right.
Then he has to make some measurements. In the automated system, some mechanical
or electrical device must replace the human operator to decide whether a process
correction is needed and, if so, the extent of the necessary correction.

UNIT 3
Introduction into Theoretical Electrochemistry.
REDOX Theory
Grammar: Modal Verbs with the Perfect Infinitive;
Indirect Speech;
Polysemantic Words.

1. Warm up
e Do you know the meaning of the word “half-cell”?

e What members are used in a salt bridge? What is the purpose of a salt
bridge?

@& et
oy it

2. Before reading the text study the meanings of the following words and
think of the sentences with these words.

dissolve, v absorb or melt in fluid; break up; disappear, soften, liquefy.

sour substance; in chemistry: one of a class of compounds, which

acid, n combine with bases (alkalis, oxides, etc.).

chunk, n large peace, mass, lump, portion; v — break apart.

hydro-, prefix | forms compounds with hydrogen (often meaning “water”).

liberate, v set free
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convert, v change, exchange, renovate, and alter.

mixture, n combination, blend, assortment.

immerse, v drip, plunge into liquid, absorb.

bubble, n A ball formed of liquid and contain air or gas.

cell, n small cavity, (element); electrolytic cell in chemistry.
give off, v hand over.

attract, v draw, approach, magnetize, create a center of attention.
release, v give up, set free

overcome, v rise above, prevail over, overwhelm.

saturate, v soak thoroughly, cause to dissolve maximum amount.
circuit, n path for electric current.

concentration, n

reduction to small space, gathering to one point; increasing the
substance quantity per unit of volume.

relative, adj.

dependent on relation to something else; considered in relation or
in proportion to something else.

reference, n

recommendation, orientation.

recognize, v know again, notice.
anode The electrode where oxidation occurs
) A connection between two solutions that allows the movement of
salt bridge . .
current in the form of ionic charge.
cathode The electrode where reduction occurs

3. Give the Russian for:

Electrochemical reactions; spontaneous oxidation-reduction reactions, oxidizing
agents; reducing agent; mossy zinc; hydrochloric acid; significant amount; half
reactions; ion solution; external wire; Nerst equation.

4. Match each word in “A” with its synonym in “B”.

A. Occur, pair, weak, following, significant, essentially, separate, operate, lose,
iImmediately, combine, add, complete, process, within.

B. Considerable, couple, subsequent, work, instantaneously, unite, attach,
feeble, procedure, take place, take apart, inside, effectively, total, misplace.

24




5. Read the passage as fast as possible. From the text presented below
choose sentences which express better the main idea of this text. Explain your
choice.

REDOX THEORY

Redox reactions include all chemical processes in which atoms have their
oxidation number (oxidation state) changed.

The term “redox” comes from the two concepts of reduction and oxidation. It
can be explained in simple terms:

e oxidation describes the loss of an electron by a molecule, atom or ion;

e reduction describes the gain of an electron by a molecule, atom or ion.

However, these descriptions (though sufficient for many purposes) are not truly
correct. Oxidation and reduction properly refer to a change in oxidation number —
the actual transfer of electrons can never occur. In practice, the transfer of electrons
will always cause a change in oxidation number, but there are many reactions which
are classified as "redox", though no electrons are transferred (such as those involving
covalent bonds).

Substances that have the ability to oxidize other substances are said to be
oxidative and are known as oxidizing agents, oxidants or oxidizers. Put in another
way, the oxidant removes electrons from the other substance, and is thus reduced
itself. Oxidants are usually chemical substances with elements in high oxidation
numbers (e.g., H,O,, MnQO,, CrOs;, Cr,0+%, OsO,4) or highly electronegative
substances that can gain one or two extra electrons by oxidizing a substance (O, F,
Cl, Br).

Substances that have the ability to reduce other substances are said to be
reductive and are known as reducing agents, reductants, or reducers. Put in another
way, the reductant transfers electrons to the substance. Reductants in chemistry are
very diverse. Metal reduction - electropositive elemental metals can be used (Li, Na,
Mg, Fe, Zn, Al). These metals donate or give away electrons readily. Other kinds of
reductants are hydride transfer reagents (NaBH,, LiAIH,), these reagents are widely
used in organic chemistry, primarily in the reduction of carbonyl compounds to
alcohols. Another useful method is reductions involving hydrogen gas (H,) with a
palladium, platinum, or nickel catalyst. These catalytic reductions are primarily used
in the reduction of carbon-carbon double or triple bonds.

The chemical way to look at redox processes is that the reductant transfers
electrons to the oxidant. Thus, in the reaction, the reductant or reducing agent loses
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electrons and is oxidized and the oxidant or oxidizing agent gains electrons and is
reduced.

6. Answer the following questions.

e What does the term “REDOX” mean?

What is “oxidation number”?

What is called oxidant? Give your own example.
What is called reluctant? Give your own example.

. Read the following passage carefully and answer the questions below:
What does this text concern with?
Would you write the formula of the first law of thermodynamics?
What does the first law of thermodynamics deal with?
What is the purpose of a salt bridge?

e o o o

According to the first law of thermodynamics, the energy given off in a
chemical reaction can be converted into heat, work, or a mixture of heat and work.
By running the half-reactions in separate containers, we can force the electrons to
flow from the oxidation to the reduction half-reaction through an external wire, which
allows us to capture as much as possible of the energy given off in the reaction as
electrical work.

We can start by immersing a strip of zinc metal into a 1 M Zn*" ion solution, as
shown in the figure below. Then we immerse a piece of platinum wire in a second
beaker filled with 1 M HCI and bubble H, gas over the Pt wire. Finally, we connect
the zinc metal and platinum wire to form an electric circuit.

We've now made a system in which electrons can flow from one half-reaction,
or half-cell, to another. The same driving force that makes zinc metal react with acid
when the two are in contact, should operate in this system. Zinc atoms on the metal
surface lose electrons to form Zn** ions which go into solution.

Oxidation: Zn —» Zn* +2e"

The electrons given off in this half-reaction flow through the circuit and
eventually accumulate on the platinum wire to give this wire a net negative charge.
The H" ions from the hydrochloric acid are attracted to this negative charge and
migrate toward the platinum wire. When the H" ions touch the platinum wire they
pick up electrons to form hydrogen atoms which immediately combine to form H,
molecules.

Reduction: 2H"+2e” —= H,

The oxidation of zinc metal releases Zn** ions into the Zn/Zn** half-cell. This
half-cell, therefore, picks up a positive charge that interferes with the transfer of more
electrons. The reduction of H" ions in the H,/H" half-cell leads to a net negative
charge as these H* ions are removed from the solution. This negative charge also
interferes with the transfer of more electrons.
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Fig. 2. Galvanic Cell

To overcome this problem, we complete the circuit by adding a U-tube filled
with a saturated solution of a soluble salt such as KCI. Negatively charged CI" ions
flow out of one end of the U-tube to balance the positive charge on the Zn** ions
created in one half-cell. Positively charged K" ions flow out of the other end of the
tube to replace the H™ ions consumed in the other half cell. The U-tube is called a salt
bridge because it contains a solution of a salt that literally serves as a bridge to
complete the electric circuit.
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8. Think and say a few words about each of the problems posed by authors
and their importance for analytical chemistry.

9. Describe the galvanic cell operation.

10. Point out the oxidant and reductant in the following chemical reactions:
o UF4 + F2 — UF@,
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Zn + 2HCI — ZnCl, + H,;
BeCl, + Mg — MgCl,;
C+0,— CO,;

2UFs — UF, + UFg;

Br, + 3F, — 2BrF;;

CUlg — Cu + |2

11. Write semi-reactions of the oxidation and reduction processes for the
following reactions:
e BeSO, + 4NaOH — NﬁzBGOzl + Na,S0, + 2H,0;

e BeO + C + Cl, —200199C_, p.Cl, + CO:
e 8HI + H,50, — 4l, + H,S + 4H,0:
e KNO; + Al + KOH + H,0 — NH; + KAIO,:

e NH;+0, —% 5 NO + H,0:

e 5U(SQOy); + 2KMnO,4 + 2H,0 — 5U0,S0O, + K,SO,4 + 2MnSO, + 2H,SO,

N @ | C\r‘ammarﬁzgﬁto@ |
GRAMMAR REVISION
Modal Verbs with the Perfect Infinitive

1. Before doing exercises read and remember the following charts.

1. Must, may, might + Perfect Infinitive express uncertainty, possibility or
supposition of doing smth in the past. They correspond to the Russian seposimno,
00JIXHCHO ObLMb, BO3MONCHO.

2. Cannot/couldn’t + Perfect Infinitive express incredulity, doubt. They correspond
to Russian re moowcem d6vimo

3. Might/ Could + Perfect Infinitive express unreal supposition if the action refers
to the past. They correspond to Russian moe 6si, Mmosicro 6bi10 Obl

4. Should/ought to + Perfect Infinitive show that the obligation was not carried out
in the past. . They correspond to Russian cizedosano 6vl, Hado 6win0 Obl

5. Need not+ Perfect Infinitive express lack of necessity of doing smth in the past. .
They correspond to Russian ue 6110 Heobxooumocmi.
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2. Sentences to be translated into Russian.

1. Similar results may have been obtained by other researchers. 2. You ought to
have compared these phenomena. 3. You should have carefully considered his
suggestion. 4. Yon can’t have read about these results elsewhere. 5. You should have
used this new device. 6. They must have taken special measures to reduce the weight
of the mechanical part. 7. He ought to have completed the experiment. 8. These
scientists should have developed several prototypes. 9. Because of the atomic nature
of matter the early universe could never have been completely smooth. 10. He could
have translated articles concerning technical problems. 11. You ought to have
concentrated on the conceptual content of relativity theory. 12. They may have been
told to examine all the found precipitates. 13. Some day atomic energy might have
been used to control the weather of the world. 14. All the preparations must have
been completed long ago.15. Such a line cannot have been set up in practice. 16.
You ought to have taken into consideration all the advantages and disadvantages to
decide what system is the best for the future work. 17. This substation cannot have
been completed in the short period of two years. 18. Our engineers may have solved
many complicated problems.

. Point out sentences in which the predicate expresses modality.
This gigantic plan is to be completed in the short period of 5 years.
Landing lights should be installed on an airplane.

We shall use all the methods we have to overcome the difficulties.
Their aim was to measure the pressure within the apparatus.

These are the requirements that must be met by a satisfactory method.
Everything will have to be prepared beforehand.

e o o 0 o o

Indirect Speech

1. Translate the following sentences into Russian.

Compare your variant with the model.

Model:

— | wonder whether there is any solution to this problem.

— Xomenocw 6v1 MHe 3HANb, ecnidb iU KAKoe-mo peuteHue SmMoul 3a0ay.

1. 1 wonder if there are any papers concerned with this problem. 2. | want to
know whether there is any relation between the two sets of number. 3. | would like to
know as well whether there is any evidence in favor of this hypothesis. 4. It would be
interesting to ask if there is any way to solve this problem. 5. | would like to know as
well if there are any discrepancies between the experimental results and the
predications of the theory. 6. It is of interest to see if there are any achievements in
this field.
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2. Answer student’s 1 indirect questions (exercise 1) in the negative.
Model: St.1: I wonder whether there is any solution to this problem.
St. 2: As far as I know there is no solution to this problem.

3. Answer the speaker’s question by an indirect question. Say, that you
would like using information in exercise 1. Follow the model (work in pairs)
Model: Speaker. Is this man a physicist? (I wonder myself whether ...)
Student: [ wonder myself whether he is a physicist.

Is he an experimentalist? (I wonder if ...)

Is he a theoretician? ( I am not sure if ...)

Does he study analytical chemistry? (1'd like to know if ...)

Will he speak at the conference? (Who knows whether ...)

Has he come to any conclusion? (Do you know if"...)

Are his conclusions different from ours? (1'd like to know if ...)

Are his data in favor of the hypothesis? (It would be interesting to know if...)
Did his conclusions prove right? (I wonder if ...)

Did his conclusions prove wrong? (I am interested ro know whether...)

Are you interested in his work? (I wonder if ...)

Polysemantic Words

1. Remember the meaning of the word affect”.

Affect, v BJIVSITH, BO3JIEHCTBOBATh HA ...

To be unaffected OCTaBaThCs 0€3 U3MEHCHHS

To be affected by I0JIBEPIaThCsl BO3JCHCTBUIO, BIHSHHUIO . ..
Is (are) affected by HA ... BIUSET

Is (are) unaffected by HA ... HE BIUSET

2. Translate the following sentences paying attention to the word “affect”.
Don’t mix with the word ~effect”.

1) Roentgen discovered that some unknown radiation had the ability to affect a
photographic plate even though it was covered with a light-tight
(ceemonenponuyaemwizi) Material. 2) Gold is hardly affected by nitric, sulphuric and
hydrochloric acids. 3) Radioactivity is unaffected by temperature, nor is it influenced
by any known catalyst. 4) Attention should be paid to the fact that the reaction rate is
affected by temperature, concentration, catalyst and so on. 5) Among the substances
unaffected by oxygen one should mention the inert gases. 6) The molecular weights
are affected by the temperature change. 7) It is the state of water but not its
composition that can be affected by the process of heating or cooling.
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3. Translate the following sentences into Russian, mind the various
meanings of the word ”effect”.

Effect, v — OCYIIECTBIIATh
Effect, n— pE3yIIbTaT, BIUSHUE
In effect — B CYIIHOCTH

To this effect — s sroit uenu

1) In effect, we would rather attempt to present only a general idea of organic
chemistry and to this effect a classification of organic compounds and their
important physical and chemical properties is given without going into details. 2) The
light pressure produces an opposite effect and tends to force the molecules closer
together. 3) Heavy water differs from ordinary water in its physical effects. 4) There
are many uses of oxygen that require the substance in a high degree of purity so that
to eliminate the effect of the presence of other gases.

4. Translate the following sentences paying attention to the word “involve”.

Involve, v BKJIFOYATh B ce0s

Noun + involved JTaHHBIN, pacCMaTPUBACMBIH
Involving C, CBSI3aHHBIA C ...

Not involving oe3 ...

1) Water takes part in hydrogen reactions involving coordination of water
molecules with metallic ions and with various elemental and gaseous substances. 2)
The rules involved will be considered as “rules of thumb” (3mMnupuueckue npasuia).
3) The part of the atom that is directly involved in the process of chemical change is
the electron. 4) The chemical equation also tells how much of each substance is
involved. 5) Other known nuclear reactions involve a proton, a neutron, an alpha
particle or a photon, interacting with the nucleus of an atom. 6) The compounds
involving radicals are often ionic because of the transfer of electrons. 7) At higher
base concentrations complexes involving two molecules are formed. 8) The material
involved possesses a rather complex structure. 9) The result involved was obtained
when we used solutions of single sugars and not mixtures.

SELF-CHECK

1. Translate the following sentences into English by using the indirect
guestions.

o UnmepecHo 6bv110 Ob1 y3HAMB, NPOBOOUM JIU IMA 2PYNNA UCCIE008AHUSL 8
obaacmu aHanumMu4ecKol Xumuu.

o Xomenocv 661 MHe 3HAMb, PAOOMAIONM iU OHU 8 BbIYUCTUMENLHBIX YEHMPAX
Hauiel Cmpambi.

o A He ysepeH, ecmb au 8 IMoU 0O1ACU KAKUe-Mo HepeuleHHble BONPOChHL.

o buiio Ob1 uHmMepecHo 3Hamb, ONYOIUKOBANIU U OHU KAKUe-MO UHMepeCHble

pabomul 3a nocieonue 2ooul (lately).
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e Xomenoce Obl mHe 3HAmMb, 3AHUMAIOMCA U OHU UCcie008aHuem moti dce
I’lp06]l€]l/lbl, ymo u mbul.

L XOpOWO 06110 Obl nocmompems, oocmuenu 1 OHU KaKux-mo ycnexoe 6
dKcnepumernmax.

UNIT 4

Electrochemical Cells

Galvanic Cells

Grammar: Participle;
Polysemantic Auxiliary Words

e o o o

. Warm-up
When did you hear the term “Galvanic cell” for the first time?
Did you use a galvanic cell when you studied at school?
Do you know who invented the galvanic cell?
What’s it used for?

2. Before reading the text, study the meanings of the following words and
think of examples with these words.

galvanism, n | electricity produced by chemical action.
neighboring, | Situated nearby
adj.
anode, n positive pole
cathode, n negative pole of electric current.
[1’lektroud], either of two points by which an electric current
electrode, n
enters or leaves a battery.
anion, n [‘@naion], electro-negative ion
cation, n [ ‘keetaion], positive ion
potential, n amount of potential energy or work.
joule, n unit of work or energy.
ohm, n unit of measuring electric resistance.
coulomb [ ‘kulom], practical unit of quantity in measuring electricity.
transport, v convey from one place to another.
involve, v include
measure, n size, quantity, unit of size
condition, n the present state of a thing.
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symbol, n thing representing or typifying something; sign
strength, n power
arbitrary, adj. | not bound by rules

3. Match each word in “A” with its synonym in “B”.

A. Drive, generate, refer to, surface, flow, wire, eventually, identity, species,
partial, involve, obtain, arbitrary.

B. Ultimately, plane, push, produce, conductor, pass on, stream, sort, fractional,
uniqueness, random, get, engage.

4. Match antonyms and translate them into Russian.
A. Bore, logical, inside, fractional, external, below, firstly.
B. Surface, complete, random, involve, above, finally, internal.

5. Skim the passage as fast as you can; pay attention to the words in bold
type.

ELECTROCHEMICAL CELLS

This chapter is devoted to cells in electrochemistry. The thing is that there are
two kinds of electrochemical cells, galvanic (voltaic) and electrolytic. In the former,
a chemical reaction spontaneously occurs to produce electrical energy. The lead
storage battery and the ordinary flashlight battery are common examples. In
electrolytic cells, on the other hand, electric energy is used to force a nonspontaneous
chemical reaction to occur, that is, to go in the reverse direction. An example is the
electrolysis of water. In both types of these cells, the electrode at which oxidation
occurs is the anode, and that at which reduction occurs is the cathode.

Electrochemical cells that use an oxidation-reduction reaction to generate an
electric current are known as galvanic or voltaic cells. Because the potential of these
cells to do work by driving an electric current through a wire is measured in units of
volts, we will refer to the cells that generate this potential from now on as voltaic
cells.

Lets’ have another look at the voltaic cell in the figure below.

Within each half-cell, reaction occurs on the surface of the metal electrode. At
the zinc electrode, zinc atoms are oxidized to form Zn ** ions, which go into solution.
The electrons liberated in this reaction flow through zinc metal until they reach the
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wire that connects zinc electrode to the platinum wire. They then flow through the
platinum wire, where they eventually reduce an H™ ion in the neighboring solution to
a hydrogen atom, which combines with another hydrogen atom to form an H,

molecule.

N Pt black
pYafe

Ahot’e Caﬂ\ot{e

Fig. 2. Galvanic cell

The electrode, at which oxidation takes place in the electrochemical cell, is
called the anode. The electrode at which reduction occurs is called the cathode. The
identity of the cathode and anode can be remembered by recognizing that positive
ions, or cations, flow toward the cathode, while negative ions, or anions, flow
toward the anode. In the voltaic cell shown above, H" ions flow toward the cathode,
where they are reduced to H, gas. On the other side of cell, CI" ions are released from
the salt bridge and flow toward the anode, where the zinc metal is oxidized.

6. Answer the following questions:

e What is a galvanic cell?

e What is the difference between a galvanic cell and electrolytic one?
e Would you describe the electrolytic cell operation?

e What is called the anode?

e What is called the cathode?

. Complete the following sentences:
Cations are .........
e Anionsare ........

LN
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8. Look through the text again and correct these statements.
There is a sense mistake in each of them.

1. The electrode, at which oxidation takes place in the electrochemical cell, is
called the cathode. 2. The electrode at which reduction occurs is called the anode. 3.
The identity of the cathode and anode can be remembered by recognizing that
positive ions, or anions, flow toward the cathode, while negative ions, or cations,
flow toward the anode.

-~
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9. Look at Fig. 2 and describe the galvanic cell design.

10. Read next information and carry out the following task.

Sometime electro chemical cells can be represented schematically as, for
example, electrochemical cell composed of zinc anode and copper cathode:

Zn/ Zn** (M) // Cu** (1M) / Cu.

Remember!!! Anode is always on the left.

/ — boundaries;

Il — salt bridge.

Other conditions like concentration are listed just after each species.

Write oxidation and reducing processes and the general reaction based on
schematic representations of the following electrochemical cells:

Ti/Ti*//Cu*/Cu

Oxidation process

Reduction process

General reaction

Ni/Ni2+//Ce4d+, Ce3+/Pt

Oxidation process

Reduction process

General reaction
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La3+/La//Pt2+/Pt

Oxidation process

Reduction process

General reaction

2 ) 3 ..‘ . qrammarﬁh |
GRAMMAR REVISION

1. Remember Forms of Participle

P Active Passive
| Indefinite ) :
Participle testing having tested
| Perfect having tested having been tested
! — tested

2. In the following sentences define forms and functions of the Participle
and translate sentences into Russian.

A
1. The beta particles are electrons moving with high velocity. 2. Returning to the
equation, it will be noted that the sum of atomic numbers on one side of the reaction
equals the sum of those on the other, and ditto (to e camoe) for the atomic weight.
3. Translating the article a student used a dictionary. 4. This is the situation discussed
in this paper. 5. The piece of ice placed into water began to melt. 6. The work done
by these research-workers resulted in many new discoveries.

B

1. Having turned out the light we left the house. 2. Having carried out a great
number of experiments we made a very interesting discovery. 3. Having found the
composition of water the scientists could investigate its properties. 4. Having done
the work they went home. 5. Having located the position at which these ions fall, and
knowing the velocity with which the gas is moving along the apparatus, the
transverse velocity imparted to the ion by the known electric field can be calculated.
6. Having been tested, this substance was found to be a good conductor. 7. Having
been translated into many languages the book became known everywhere. 8. Having
been written the translation was given to the teacher. 9. Having been typed the report
was handed to the engineer.
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C

1. Being asked he answered that he had used this device. 2. The new houses
being built in this town will have from 5 to 9 floors. 3. All gases being poor
conductors of electricity can be used as insulators. 4. Being treated for several hours
the compound turned dark red. 5. Any neutrons and protons left over after the
formation of maximum number of alpha-particles are looked upon simply as being
present in the nucleus. 6. Being shown this document, she said that it belonged to the
fifteenth century. 7. Material being studied by this student is very interesting.

3. In the following sentences choose the correct forms of Participles.

1. Much could be (writing, written) about the application of nuclides. 2. Many
experiments have been (carrying out, carried out) in the field of radioactivity. 3. The
work (doing, done) by the scientists was of great significance. 4. Many of the above-
mentioned applications of radioactive nuclides or of the radiation (emitting, emitted)
by them are directly or indirectly connected with industry. 5. A mechanical method
was (substituting, substituted) by a new one. 6. This type of radiation consists of a
current of positively (charged, charging) particles. 7. This discovery (following,
followed) by many experiments was of great use to chemists. 8. The two substances
(investigating, investigated) were homogeneous. 9. The man (speaking, spoken of)
was the first to discover this phenomenon. 10. A positively (charging, charged)
particle having the mass of the electron was discovered in 1932. 11. The scientist
found that X-rays (produced, producing) were complex. 12. According to this theory
(dealt with, dealing with) atomic structure the nucleus is a very small, compact,
central part of an atom. 13. Oppositively (charged, charging) particles exert forces of
attraction on one another.

4. Explain the words with “-ed” suffix (the Participle Il as a function of a
part of predicate, an attribute, or the Past Simple Tense). Translate the
sentences into Russian.

1. In mass spectroscopy a beam of ionized atoms is sent through a combination
of electric and magnetic fields. 2. Relative atomic weights may be used to form a
table of chemical atomic weight. 3. The relative weight of elements may be
determined by measuring the chemical combining weights. 4. From special relativity
theory E = (4m) ¢, where E is the energy released or absorbed in the reaction, ¢ is a
fundamental constant (the velocity of light), and 4m is the difference between the
total mass before and after the reaction. 5. The discovery of Becquerel in 1896, of
that property of matter now termed radioactivity opened up a new and important field
of inquiry. 6. The number of predicted and confirmed experiments was
overwhelming. 7. He tried other fluorescent materials, and whenever they contained
uranium, he found his rays, but when they were made with calcium or zinc he did not.

37



5. Open the brackets translating the Russian words into English:

1. An iron rod (racpemsiii) in the fire increases in energy content. 2. (/1pu
oxnaxcoenuu) 10 the original temperature the substance becomes solid. 3. The
question (paccmompennwiii, 0 komopom uina peusr) Was discussed at the last meeting.
4. The new experiment (o xomopom 2osopuau) SO much will be carried out again very
soon. 5. The piece of ice (nomewennwir) in the water began to melt. 6. (/lpu
nazpesanuu) ice melts. 7. The text (nepenucannwiir) by him was very useful in our
work. 8. The new device (nokazannwui) by our professor was very interesting. 9.
(IIpu sewvinapusanuu) a mass of greenish crystals will be obtained. 10. The work
(6vinonnennas) in time was very important.

6. Replace the subordinate clauses by the Perfect Participle according to the
model:
Model: When they had finished their work, they left the lab.
Having finished their work, they left the lab.

e When the composition of the substance had been determined, the scientists
compared it with some other substances.

e When they had investigated all the properties, they could state that these
gases were harmful.

e After they had separated nitrogen from other gases, they obtained it in nearly
pure condition.

e When he had found the needed solvent, he could continue his experiment.

7. Open the brackets choosing the correct forms of the Participles:

1. When (heating, having heated) this substance, one should be very careful. 2.
(Investigated, having investigated, investigating) all the properties of new water, they
could understand the mystery of silvery clouds. 3. The (dissolving, dissolved, having
dissolved) materials may be soluble solids, liquids or gases. 4. Water (using, used,
having used) in steam boilers, should be free from substances that cause corrosion. 5.
(Purified, having purified, purifying) the water from the substance that cause
corrosion, we can use it in steam boilers. 6. The reactions of non-metal oxides with
basic hydroxides are closely related to the two types of reactions of acidic substances
with basic substances already (considering, considered). 7. The partial pressure
(exerting, exerted) by each gas in the mixture depended on the per cent of its
molecules, i.e., upon the relative value of the molecular concentration of the gas. 8.
Elements (composed, composing) of atoms containing only one or two valence
electrons usually form positive ions. 9. (Investigated, investigating, having
investigated) this phenomenon the scientists can come to some important
conclusions. 10. The work (doing, done) by these research-workers resulted in many
new discoveries. 11. The ions (involving, involved) can be used as a highly sensitive
detector of radiation.12. The investigation (followed, following) by many experiments
was of great importance. 13. The nuclei (formed, forming) in this reaction are
unstable.
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Polysemantic Auxiliary Words

1. Remember the following:

as, conj. Kak, 6 Kavecmee, 4em,; mak KaK, 6 mo epemsl, KaK
as, adj. Kak (Hanpumep)

as well as mak orce, Kak u

as well maxoice

as far as HACKOIbKO, NOCKOJIbKY, NOCIOJIbKY

as follows 8 pezyivmame

as early as, as late as  ewe

as long as noka

because, conj. Max Kax, nOmomy 4mo

because of, prep. u3z-3a

2. Translate the following sentences into Russian.

1) One can see that gases expand as the temperature rises. 2) The arrangement
for accomplishing this experiment is as follows.3) As early as the beginning of the
19" century Dalton laid the scientific foundation of the atomic theory.4) Aluminium
as well as copper are the best conductors of electricity. 5) As far as these machines
are inefficient, they must be replaced by new ones. 6) The existence of neutrons in
nuclei was discovered as late as in 1932. 7) Information as to the fate of strontium in
the animal and plant organisms is of particular interest at the present time. 8) As to its
chemical behavior oxygen is very reactive. 9) Any oxidation reduction reaction can
be expressed as the sum of two separate equations, one involves only oxidation and
the other only reduction. 10) As gases pass through the regenerator they give up the
greater part of the heat to the top layer. 11) The compounds involving radicals are
often ionic because of the transfer of electrons. 12) Because carbon monoxide is
odorless, the presence of this gas is not easily detected. 13) Phosphorous is never
found free in nature because of its strong affinity for oxygen. 14) Argon, helium,

neon, krypton and xenon are called the inert gases because they are chemically
inactive.

3. Translate the sentences into Russian, mind the following meanings of
“but”.

but, con;. HO, a

but, prep. JIUULD TOILKO, KPOME
but for ecu Ovl He

nothing but HU4e20 Kpome, Tulilb
the next but one cnedyrouull yepesz 00UH
the last but one npeonocieonutl
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1) Oxygen will combine with each of the elementary substances but fluorine. 2)
It should be known for many years that light is able to bring about chemical changes
but the systematic study of photochemistry was only commenced in the middle of the
last century. 3) But for the air no life on the Earth could have developed. 4) A
substance, which has varying composition, is considered to be nothing but a mixture.
5) Carbon occurs principally in combination with various elements but is found
uncombined as, for example, graphite, diamond and coal. 6) Helium gas contains but
one atom of the element. 7) The last but one element in the Periodic Table is
mendelevium. 8) We could not but stop the experiment, and all but he left the
laboratory.

SELF-CHECK
Variant 1
Translate the following sentences in writing.
Pay attention to the Participle (for 30 minutes).

1. This behavior can be understood in the light of the formation reaction in
which the electric fields of completed molecules or ions interact with adjacent ions or
molecules, thus forming compounds of a higher order. 2. Based on the laws of
conservation we can formulate chemical equations with a somewhat greater measure
of justification. 3. The pressure exerted on the walls of a container by a gas is entirely
due to collisions that take place between the moving molecules and the walls given
below. 4. When considering the stability of equilibrium, we should start from some
definition and, using this, investigate the given system, the investigation might pro-
ceed in two ways. 5. Some of the compounds involved have not been reported
previously, additional data being reported in the appendix referred to in this report. 6.
The results obtained for the analyses of a group of synthetic mixtures were as
satisfactory as those obtained from other group methods. 7. All the processes
described above take place more or less simultaneously, the hydrolysis of
acetylchlorine resulting from a combined action of all the functional groups. 8. The
temperature having been raised, the vapor began forming again.

Variant 2
Translate the following sentences in writing.
Pay attention to the Participle (for 30 minutes).

1. Having replaced some of the details of the new device they could get better
results which were of great importance for the research concerned. 2. The results
obtained were in good agreement with the values involved. 3. A small amount of
common salt when added to water will be taken up by the water and become
invisible. 4. Having examined the new work carried out by our research workers we
could say that various lines of technological progress, ranging from the invention of
new devices to the development of some industrial chemical processes were
characterized by a steady improvement. 5. The terms insisted on in this statement are
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to be discussed again. 6. Surrounding the nucleus were electrons, their number
depending upon the atom. 7. The experiment spoken of is to be carried out again. 8.
Substances thought of as radioactive should be treated carefully. 9. The conference
attended by our students was devoted to the pollution problem. 10. When solving a
non-linear problem described by differential equation, we must first design the
computing diagram of the machine.

Variant 3
Translate the following sentences in writing.
Pay attention to the Participle (for 30 minutes).

1. A consideration of the equilibria involved in a solution of potassium cyanide
illustrates the relationships upon which the degree of hydrolysis depends. 2. The
increased concentration of the ions of water increases the effects caused by these
ions. 3. The change in solubility resulting from the rise in temperature causes the
completion of some hydrolytic reactions which are normally incomplete. 4. A very
porous product used as a heat insulator is produced by preparing a mixture of this
substance with asbestos. 5. Many of the metallic products, used extensively, are not
single metals but alloys. 6. Salt can be obtained from salt mines, sea water. The
impure salt thus obtained may be purified by recrystallization. 7. A solution
containing no excess of either the acid or the basic hydroxide is known as a neutral
solution. 8. Equations are known to show the proportions, in which the substances
concerned react; consequently, the quantity of one of the substances involved
establishes the quantities of all the rest. 9. A salt is a compound resulting from the
replacement of the hydrogen of an acid by a metal or a metallic radical.

UNIT 5

Electrolytic Cells

Grammar: The Absolute Participial Construction;
Polysemantic Words.

|

. Warm up
Look at the title of this section and say what you know about this problem.
Do the terms “Galvanic cell” and “Electrolytic cell” have the same
meaning?
If there is any difference between them, explain it.

2. Before reading the text, match the words in “A” with their definitions in
“B”.
A B
1. Electrolyte a) It is a finally divided coating for platinum
2. Gain b) Itis a liquid where electrolysis takes place
3. Ignore c¢) Obtain, acquire
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4. E.m.f. d) Disregard, leave out of account
5. Arrangement e) Electromotive force
6. Platinum black | f) Order, disposition, plan

3. Skim the passage and answer the following questions using the
information from the text or from any other sources.

What is called the electrolytic cell?

What is the operating principle of a galvanic cell?
What is the operating principle of an electrolytic cell?
What is produced by means of a galvanic cell?

For what methods are electrolytic cells very important?

ELECTROLYTIC CELLS

The apparatus in which electrolysis is carried out is known as an electrolytic
cell. The direct current is supplied by a battery or power pack. Graphite electrodes
carry the current into and out of the liquid electrolyte. Graphite is chosen because it is
quite unreactive (inert). It will not react with the electrolyte or with the products of
electrolysis. Electrons flow from the negative terminal of the battery around the
circuit and back to the positive terminal.

In electrolytic cells electric energy is used to force a nonspontaneous chemical
reaction to occur, that is, to go in the reverse direction. The example is the
electrolysis of water. In this type of cells the electrode, at which oxidation occurs, is
the anode and that, at which reduction occurs, is the cathode.

Electrolytic cells are important in the electrochemical methods such as
electrogravimetry in which a metal such as copper is deposited onto an electrode
(cathode) for weighing by applying an appropriate potential to get this
nonspontaneous reaction to occur. Let’s consider the following redox reaction:

Fe** +Ce* © Fe™* +Ce™

If a solution containing Fe** is mixed with one containing Ce*", there is a certain
tendency for the ions to transfer electrons. Assume the Fe** and Ce*" are in separate
beakers connected by a salt bridge. (A salt bridge allows charge transfer through the
solutions but prevents mixing of the solutions.) No reaction can occur, since the
solutions do not make contact. A salt bridge is not always needed only when the
reactants or products at the anode or cathode react with each other so that it is
necessary to keep them from mixing freely. Now put an inert platinum wire in each
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solution and connect the two wires. The setup now constitutes a galvanic cell. If a
microammeter is connected in series, it indicates that a current is flowing. The Fe** is
being oxidized at the platinum wire (the anode):

Fe** => Fe** +e”

In a galvanic cell, a spontaneous chemical reaction produces electricity. This
occurs only when the cell circuit is closed. The cell voltage (e.g., in a battery) is
determined by the potential difference of the two half reactions. When the reaction
has gone to completion, the cell runs down, and the voltage is zero (the battery is
"dead").

In an electrolytic cell, the reaction is forced the other way by applying an
external voltage greater than and opposite to the spontaneous voltage.

4. Look through the text again and correct these statements. There is a
technical mistake in each of them.

1) The apparatus in which electrolysis is carried out is known as an electrolysis.
2) The alternating current is supplied by a battery or power pack. 3) Graphite is
chosen because it is quite reactive. 4) It will react with the electrolyte or with the
products of electrolysis. 5) Electrons flow from the positive terminal of the battery
around the circuit and back to the negative terminal.

5. Look through these statements. Where are technical mistakes? Explain
your choice.

1. In the feed element the electrode is made of graphite in connection with its
high chemical activity. 2. The chemical energy permits the spontaneous chemical
reaction to proceed in the electrolytic cells. 3. The oxidation-reduction reactions
always proceed in the electrolytic and galvanic cells. 4. The salt bridge is necessary
not only to transfer electrons from one half-cell to another, but also to prevent
agitation of an electrolyte in different parts of a galvanic cell. It is possible to register
the electric current flow in a circuit by means of the ammeter connected in series. 6.
Reduction of iron will proceed on the anode. 7. Galvanic cells transform the chemical
energy in the electrical one.
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6. In groups of two prepare the following topics: the first group describes
the electrolytic cell, the second group — the galvanic cell. While describing cells
follow the plan below. The winners are the group that answers the most
guestions correctly in five minutes.

e What are the main parts of each cell?

e The operating principle;

e For what problem solving it is applied.
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e The main difference between these cells.
e What methods of the physicochemical analysis based on the application of
the given type of cells do you know?

7. Read the following information.
Let’s view the electrochemical cell in which the following reaction proceeds.

CU2+ + Zn(s) — Cu(s) + Zn2+
You can see the galvanic cell in the figure below.

Fig. 3. Galvanic Cell

Each half reaction proceeds in a separate half-cell which is connected
electrically. It permits to control the system better.

Salt bridge allows ion migration in a solution but prevents extensive mixing of
electrolytes. It can be a simple porous disk or a gel saturated with a non-interfering
salt like KCI. CI” is released to Zn side as Zn° is converted to Zn*". K* is released to
Cu side as Cu®* is converted to Cu’.

Standard potential

The potential of a cell acting as a cathode compared to the standard hydrogen
electrode. Values also require other standard conditions. Standard potentials are
defined using specific concentrations.

e all dissolved species are at 1 M;
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slightly soluble species must be at saturation;
any gas is constantly introduced at 1 atm;
any metal must be in the electrical contact;

e any other solids must also be in contact with the conducting electrode.

The standard potential for Cu** + 2e — Cuy is + 0.334 V. It means that if a
sample of copper metal is placed in a 1 M Cu2+ solution, we’ll measure a value if
0.334 V is compared to 2H" (1 M) + 2e — Hy(g (1 atm).

One thing that we would like to know whether the spontaneous direction for a
reaction is. This is necessary to determine the cell potential (E). Since our standard
potentials (E°) are commonly listed as reductions, the following formula is used for
our definitions:

E cell = E forward — E reverse

One of your half reaction must be reversed. The potential Eg, of the
spontaneous or galvanic direction for a reaction is positive. The half reaction with the
largest E value will proceed as a reduction. The other will be reversed (oxidation).

For our copper-zinc cell at standard conditions:

Cu?* +2e — Cu° +0.334V
Zn* +2e — 7Zn° -0.763 V
E cell 1.097 V

The E value will vary if any of the concentration vary from standard conditions.
This effect can be experimentally determined by measuring E versus a standard
(indicating) electrode. Theoretically, the electrode potential can be determined by the
Nernst equation.

E-pg0 T8
nF ARed

Where: E° — standard electrode potential; R — gas constant (8.314 J/°mol); T —
absolute temperature; F — Faraday’s constant — 96000 coul; n — number of electrons
involved; apyreq — activity of oxidated/reduced compound.

8. Calculate the electromotive force (e.m.f.) [potential] of the following
electrochemical cells:
Schematic representations of the electrochemical cells:

e Ni/Ni**/ICI'ICl,, Pt;
Mo/Mo**//Hg**, Hg"/Pt;
K/IK*1IPt**IPt;

TiTi** /AU IAU;
Au/AU**I/OH/O,, Pt;
Cl,/CI", Pt//Li*/Li
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9. Make up schematic representations of galvanic cells in which the
following chemical reactions proceed:
e Cu+2l »L+Cu?;
Ni + Hg®* — Ni** + Hg;
TI+2H — T ™ + Hy;
Cd + Ni*" — Cd ** + Ni;
La+Pb* —La® +Pb

qmmmarﬁgﬁé‘{% A

1. Before doing exercises read and remember the charts of the Absolute
Participial Construction.

GRAMMAR REVISION

1. S+ Participle; S + Predicate
Tak xak, Koraa, €ciiv, IOcjae TOro Kak.....

2. S+ Predicate; S + Participle
.... IpAYeM, a, "

2. Read and translate sentences into Russian, mind the Absolute Participle
Construction.

1) Surrounding this nucleus are electrons, the actual number depending upon the
atom being considered. 2) The mass of electrons being smaller, they reach the higher
velocities necessary for evaporation at low temperatures. 3) Alternatively, the re-
radiation may be delayed, the material storing the energy for a time, which may be as
large as several seconds before radiating. 4) Sometimes the target was comparatively
small piece of metal embedded in the surface of a lump of copper, advantage being
taken of the high-thermal conductivity of the latter metal to dissipate the heat. 5) The
temperature remaining constant, the volume of a given mass of a gas is inversely
proportional to the pressure to which it is subjected. 6) There are several different
types of alloys, some being homogeneous and others heterogeneous. 7) This indicates
that the carbon dioxide evolved on heating results solely from the decomposition of
carboxyl groups referred to earlier, one carboxyl group giving one mole of carbon
dioxide. 8) The data derived are to be found in table 5, they being reliable. It’s
obvious from the results given above. 9) Depending on their chemical compositions,
solvents are divided into polar and non-polar solvents, and intermediary types, non-
polar solvents being organic hydrocarbons.
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3. Change the sentences according to the given models:

Modell: As my work is very difficult, he helps me.
— My work being very difficult, he helps me.

e As this machine works well, we can use it at our plant.

e As their lectures begin in the morning, they are free at five o'clock.

e As the range of application of stable isotopes is very wide, the scientists are
greatly interested in it.

e Since the speed of light is extremely great, we cannot measure it by ordinary
means.

e If the book is interesting, we read it with pleasure.
e The professor walked into the lecture hall, the students following him.

M o d e I Il: When radioactivity had been discovered, science made great progress in
atomic physics.
Radioactivity having been discovered, science made great progress in
atomic physics.

e When all the properties of the element had been discovered, it was much
easier to use it.

e After the new computer had been built, they could calculate the acceleration
of the particles.

e When the solution had been evaporated, they began to examine the residue
left.

e When the temperature of water had been raised, the steam began forming
again.

e When X-rays had been discovered, science made great progress in medicine.

o When investigations had been carried out, scientists made a very interesting
discovery.

e After the new house had been built, the family could move to it.

e After the work had been completed, we went home.

e After the assistant professor had finished his lecture, students began to

discuss it.

Polysemantic Words

1. Translate the following sentences into Russian, mind polysemantic
pronoun ‘it’.

1) It is the crystal structure of diamond as determined by X-rays which gives an
explanation for this contrast of properties.
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2) Those who study chemistry know that the law of conservation of mass makes
it possible to write chemical equations.

3) Petroleum is a natural mixture of many liquid hydrocarbons such as gasoline,
kerosene and heavy lubricating oil, but chemists have found it possible to
separate these liquids from the mixture.

4) 1t was not until 1930 that the 3" type of particles that make up atoms was
discovered.

5) It would be difficult to find another element of the many we know which is
more widely distributed in nature than oxygen.

6) Because of the partial decomposition of the carbide grey-cast iron is softer
than white-cast iron, it has a higher melting point and it is much more suitable
for castings.

2. Translate the following sentences into Russian. Pay special attention to
the word “provide”.

Provide, v — o0ecrieunBath, 1aBaTh, CHA0XKaThb

To provide for — npeaycmaTtpuBaTh

Provided (that), conj. — mpu ycaoBHH, YTO ..., €CJIH TOJBKO

Providing, conj. - mpu ycJIOBHH, YTO ..., €CJIH TOJBKO

e Provided we use the necessary instruments, the measurement will always be
correct.

e Automation provided the control of not only individual machines but also of
whole factories.

e Sometimes graphical representation of data can provide you with a
particularly valuable piece of information.

e This laboratory provided with up-to-date equipment solves many important
chemical problems.

e As an outstanding advantage, polyesters provide a good combination of
mechanical and electrical properties at relatively low cost.

e The volume of a given quantity of a gas varies directly with the absolute
temperature, provided that there is no change in pressure.

3. Translate the following sentences into Russian, mind the word “until”.

1) Reactions that have products interacting in such a way as to reform the
original reactants until a balance is reached are called equilibrium reactions.

2) Atoms could not be ‘seen’ until the 20™ century.

3) There are some elements, which do not catch fire until they are heated.

4) Until recently the Periodic Table showed four vacant places: numbers 43, 61,
85, 87.

5) One should take great care never to light a supply of hydrogen until it is
known to be free of air.
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6) Until recently the technical uses of selenium and tellurium have been of little
importance.

7) Phosphorous does not ignite in the air until it is heated to a temperature of
240°C.

8) It was not until the 18" century that steel began to replace wrought (uyrys
KoBKwiA) iron in the making of tools and weapons.

9) Although the compounds of silicon have been used for many centuries the
element was not prepared until the beginning of the 19" century.

10) It was not until 1896 that scientists found that compounds of uranium
emitted rays that affected a photographic plate covered with black paper.

11) Not until the 17" century did man begin to understand pressure.

12) The phenomenon of electricity was discovered quite early but not until the
end of the last century was it known that electricity is nothing but a flow of
charged particles, which scientists name electrons.

UNIT 6
Electrolysis
Grammar: Gerund;

Polysemantic Words

1. Warm up
e Look at the title of this section and say what you know about this problem.

2. Match the words in “A” with their definitions in “B”

A B
1. Solvent a) Long narrow piece, take covering
2. Arbitrary b) Strongly effectively
3. Species c¢) Gloomy, tedious, dark, dim
4. Steam d) Resisting wear, lasting
5. Perpetual e) Vapour
6. Durable f) Random, casual
7. Dull g) Continuous, lasting for ever
8. Drastically h) Sort, kind, sub-division
9. Strip 1) Liquid with power of dissolving
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3. Read the passage, then write out the key words and find the facts
supporting your ideas.

ELECTROLYSIS

An ionic compound is dissolved with an appropriate solvent, or otherwise melted
by heat, so that its ions are available in the liquid. An electrical current is applied
between a pair of inert electrodes immersed in the liquid. The negatively charged
electrode is called the cathode, and the positively charged one the anode. Each
electrode attracts ions which are of the opposite charge. Therefore, positively charged
ions (called cations) move towards the cathode, while negatively charged ions
(termed anions) move toward the anode. The energy required to separate the ions,
and cause them to gather at the respective electrodes, is provided by an electrical
power supply. At the probes, electrons are absorbed or released by the ions, forming
a collection of the desired element or compound.

The amount of electrical energy that must be added equals the change in Gibbs
free energy of the reaction plus the losses in the system. The losses can (theoretically)
be arbitrarily close to zero, so the maximum thermodynamic efficiency equals the
enthalpy change divided by the free energy change of the reaction. In most cases the
electric input is larger than the enthalpy change of the reaction, so some energy is
released in the form of heat. In some cases, for instance in the electrolysis of steam
into hydrogen and oxygen at high temperature, the opposite is true. Heat is absorbed
from the surroundings, and the heating value of the produced hydrogen is higher than
the electric input. In this case the efficiency can be said to be greater than 100%. It is
worth noting that the maximum theoretic efficiency of a fuel cell is the inverse of that
of electrolysis. It is thus impossible to create a perpetual motion machine by
combining the two processes.

In electrolysis, the anode is the positive electrode, meaning it has a deficit of
electrons; species in contact with the anode can be stripped of electrons (i.e., they are
oxidized). The cathode is the negative electrode, meaning it has a surplus of electrons.
Species in contact with the cathode tend to gain electrons (i.e., they are reduced).

A higher current flow through the cell means it will be passing more electrons
through it at any given time. This means a faster rate of reduction at the cathode and a
faster rate of oxidation at the anode. This corresponds to a greater number of moles of
product. The amount of current that passes depends on the conductance of the
electrodes and electrolyte, though it also depends on how much current the power
source itself can generate. The processes in an electrolytic cell with just two or three
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reactants can become very, very complex. For instance, metals plated at a certain
current density might form a durable and shiny coating on the substrate, while some
other current density might form an excessively grainy, dull coating.

A higher potential difference (voltage) applied to the cell means the cathode will
have more energy to bring about reduction, and the anode will have more energy to
bring about oxidation. Higher potential difference enables the electrolytic cell to
oxidize and reduce energetically more "difficult” compounds. This can drastically
change what products will form in a given experiment. On a practical level, both
current and voltage determine what will form in a cell.

4. Explain the meanings of the words given in italics in the text.
Put questions using these words and ask your partner.

5. Read the following passage and translate the sentences marked with an
asterisk.

ELECTROLYSIS OF WATER

One important use of electrolysis is to produce hydrogen. The reaction that
oCCurs is:

2H;0(ag) — 2Hz(g) + O

This has been suggested as a way of developing society toward using hydrogen
as an energy carrier for powering electric motors and internal combustion engines.
Electrolysis of water can be achieved in a simple hands-on project, where electricity
from a battery or low-voltage DC power supply (e.g. computer power supply 5 volt
rail) is passed through a cup of water (in practice a saltwater solution or other
electrolyte will need to be used otherwise no result will be observed). Using platinum
electrodes, hydrogen gas will be seen to bubble up at the cathode, and oxygen will
bubble at the anode. If, however, any other metal is utilized for the anode the oxygen
will react with the anode instead of being released as a gas. For example using iron
electrodes in a sodium chloride solution electrolyte, iron oxide will be produced at
the anode, which will react to form iron hydroxide. When producing large quantities
of hydrogen, this can significantly contaminate the electrolytic cell. That is why iron
Is not used for commercial electrolysis.
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Fig. 4. Hoffman electrolysis apparatus used in electrolysis of water

The energy efficiency of water electrolysis varies widely. The efficiency is a
measure of what fraction of electrical energy used is actually contained within the
hydrogen. Some of the electrical energy is converted to heat, a useless by-product.
Some reports quote efficiencies between 50-70%. This efficiency is based on the
lower heating value of hydrogen. The lower heating value of hydrogen is thermal
energy released when hydrogen is combusted. This does not represent the total
amount of energy within hydrogen, hence, the efficiency is lower than a more strict
definition. Other reports quote the theoretical maximum efficiency of electrolysis.
The theoretical maximum efficiency is between 80-94%. The theoretical maximum
considers the total amount of energy absorbed by both the hydrogen and oxygen.
These values only refer to the efficiency of converting electrical energy into
hydrogen's chemical energy. The energy lost in generating the electricity is not
included. For instance, when considering a power plant that converts the heat of
nuclear reactions into hydrogen via electrolysis, the total efficiency is more like 25—
40%.

6. Explain the meanings of the word combinations given in bold.

7. Quote the text to prove that:

e Electrolysis of water can be achieved in a simple hands-on project.

e Large quantities of hydrogen can significantly contaminate the electrolytic
cell.

e The energy efficiency of water electrolysis varies widely.
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g 6] A
}cS‘j‘aL/iacflce):.,o{Z 9

8. Describe the operating principle of Hoffman electrolysis apparatus.
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9. Read the information about Faraday's laws of electrolysis, then derive
formulas and explain them.

FARADAY'S LAWS OF ELECTROLYSIS

The 1° Faraday's Law of Electrolysis

The mass of a substance produced at an electrode during electrolysis is
proportional to the number of moles of electrons (the quantity of electricity)
transferred at that electrode.

The 2™ Faraday's Law of Electrolysis

The Faraday’s number of the electric charge required to discharge one mole of
substance at an electrode is equal to the number of "excess" elementary charges on
that ion.

In the modern form, Faraday's law states:
_eMm_ 1T oM 1T QM_ 1 QM

m= = = .
gn Npo dgNp n F n 96485C n

where:

m is the mass of the substance produced at the electrode (in grams),

Q is the total electric charge that passed through the solution (in coulombs),

q is the electron charge = 1.602 x 10™° coulombs per electron,

n is the valence number of the substance as an ion in solution (electrons per ion),
F =qgN p =96.485C s Faraday's constant,

M is the molar mass of the substance (in grams per mole), and

N, is Avogadro's number = 6.022 x 10°® ions per mole.

In practice, the total charge Q is calculated by integrating the electric current I(t) over
time t:

.
Q:jl(t)dt
0

where T is the total amount of time of the electrolysis.
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10. Fill in the gaps with corresponding words from the box below.

An ionic ........ is dissolved with an appropriate......... , or otherwise melted by
heat, so that its ........ are available in the liquid. An electrical current is applied
between a pair of inert ....... immersed in the liquid. The negatively charged electrode
is called the......... , and the positively charged one the......... Each electrode attracts
ions which are of the opposite........... Therefore, positively charged ions
(called........ ) move towards the cathode, while negatively charged ions
(termed......... ) move toward the anode. The energy required to separate the ions,
and cause them to gather at the respective electrodes, is provided by an electrical
power supply. At the probes,.......... are absorbed or released by the ions, forming a
collection of the desired element or compound.

anode ions electrodes cations electrons
anions cathode compound solvent charge

-

-t s
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GRAMMAR REVISION

1. Before doing exercises read and remember forms of Gerund

Forms of Gerund Active Passive
Indefinite solving being solved
Perfect having solved having been solved

2. Define functions of Gerund and translate sentences into Russian.

1. After melting, the average speed of the molecules remains the same as before
but the molecules are now free of each other. 2. The process of overcoming the
attractive forces between the molecules of a substance is called melting. 3. Instead of
increasing the temperature of the ice, the energy is used in decreasing the attraction
between the ice molecules. 4. In the process of boiling heat is constantly added to the
liquid. 5. By increasing the pressure, however, the substance can be obtained in a
liquid state, provided the change from liquid to solid is accompanied by an
expansion. 6. As we have seen, adding heat to a substance will not always cause a
rise of its temperature. 7. When a liquid starts boiling at a certain temperature and
under a given pressure, the heat causes the liquid to vaporize. 8. They succeeded in
getting good results after a number of tedious investigations. 9. This resulted in
increasing the temperature greatly. 10. Adding heat to a piece of ice or increasing the
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pressure upon means to change it to water. 11. The cooling of a gas which occurs
when it expands without doing external work is known as the Joule-Thompson effect.

3. Instead of the Infinitive put the Gerund in the necessary form.

1. Alloys are usually prepared by (to melt) metals together and allowing the melt
to cool. 2. By (to cool) the solution a temperature is reached at which the solid pure
ice and the liquid solution have the same vapor pressure. 3. After ( to make) a number
of experiments, the soviet scientists and engineers succeeded in (to create) an
automatic interplanetary station. 4. We have learned of his (to finish) a number of
new laboratory experiments. 5. Hydrogen chloride is usually prepared by (to heat) a
mixture of concentrated sulphuric acid and the appropriate salt. 6. Iron is the most
useful of metals, partly because of its extreme abundance, but largely because of the
ease with which its properties may be altered by (to add) small amounts of other
elements. 7. Water gas is obtained mainly by (to pass) steam over coke. 8. Ethylene is
a material which is widely available in refining gases. 9. After (to reach) the boiling
point, the temperature of water could not be increased any more in spite of our adding
more heat.

4. Open the brackets. Use the necessary form: Participle I, 11, Gerund,
Verbal Noun.

1. A pattern (to make) of metal may be used longer that one (to make) of any
other material. 2. The (to pass) of electricity through the conductor heats it. 3. The
reflector (to make) of Be and BeO depends on temperature. 4. Several radiator
concepts (to use) numerous heat pipes as fins have been proposed and built. 5. The
problems (to relate) to this fuel have already been mentioned. 6. (To decrease) the
temperature to 2,800 K would increase the lifetimes. 7. (To have made) all the
necessary calculations the engineers began (to design) a new reactor. 8. The first
metals (to use) by men were gold, silver and copper.

5. Point out sentences in which the subject is expressed by the Gerund or
Gerundial Construction.

1) My friend having finished their research work, the results were published in a
scientific magazine. 2) My friend’s having finished his work enabled him to visit me.
3) His being sent abroad was quite unexpected. 4) Bombarding atoms often results in
unstable atoms. 5) Studying experiments with ice one can show that pressure causes
ice to melt. 6) Adding more turns makes the magnetic field stronger. 7) Measuring
resistance is necessary in many experiments.

6. Define sentences in which the object is expressed by Gerund or
Gerundial Construction.

1) There were other ways of applying high voltage. 2) This results in burning the
valves. 3) The neutral position depends on the setting of the gear change hand lever.
4) The expansion lies in the product being more stable. 5) We insisted on their being
offered favorable terms of payment.
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7. Translate sentences into Russian, pay special attention to the word
“account”.

Account, n 0bvACHeHue, omuyem
Account (for), v 00BACHAMb

On account of , prep. uz-3a, ecireocmeue

On this account 8 C843U C IMUM

To take into account NPUHUMAMb 80 GHUMAHUE

1) The electron was discovered in 1895 but the first attempts to account for
chemical bonding were made only some twenty years later. 2) All atoms in diamond
are firmly linked together forming a crystal acting as a giant molecule and this
accounts for its extreme hardness, its high melting point and its failure to dissolve in
any solvent. 3) This article gives an account for the structure and characteristic
activity on the Sun. 4) On account for its inertness it is difficult to make nitrogen
combine with other elements. 5) Each nucleus contains enough protons to account
for the positive charge of the nucleus. 6) “Classical physics” fully accounted for
everything from the motion of planets to the Brownian movement; in general, it
accounted for all natural phenomena. 7) White phosphorous is very poisonous; on
this account care should be taken when working with it.

SELF-CHECK
Translate the following sentences
into Russian in writing.
(for 30 minutes)

1. Some metals are remarkable for being very light. 2. Your having carried out
this work under this professor helped you greatly in your research work. 3. Physical
properties are those that may be expressed without considering the possibility of
transforming the given material into materials of other kinds. 4. The capacity of
material for being dissolved in water or in some other solvent is also commonly listed
as a physical property. 5. Iron has the chemical property of being transformed into
other materials. 6. Adding heat to a piece of ice or increasing the pressure upon it
means to change it to water. 7. The cooling of a gas which occurs when it expands
without doing external work is known as the Joule-Thompson effect.

UNIT 7

Classification of Electrochemical Methods

Grammar: Infinitive: Forms and Functions
Complex Subject

1. Warm up
e What methods of analytical analysis do you know?
e Have you ever used one of these methods in your practice?
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2. Before reading the text study the following words and think of sentences
with these words.

Develop, v evolve, bring to maturity

Current, n transmission of electricity through a conductor
Deplete, v to empty

Cause, n [kO:Zz], reason, motive, purpose

Drop, v to fall; n — descent

Law, n rule, general principal deduced from facts
Inert, adj. without power of action or resistance

Null, adj. of no effect

Estimate, v form opinion of; n — approximate judgment of amounts
Response, n Reply

Convection, n transfer of heat in a liquid or gas

Oscillate, v swing to and fro

Plateau, n tableland (on a curve)

Contribute, v

[kgn'tribju:t], give, pay to common fund, help to
common result

Growth, n

increase, extend

Substantial, adj.

big, important

Consequence, n

result, effect, outcome, what follows as a cause

Throughout, prep.

in every part of

Indicator electrode

the electrode whose potential is a function of the analyte’s
concentration (also known as the working electrode)

Reference electrode

an electrode whose potential remains constant and against
which other potentials can be measured

Auxiliary electrode

the third electrode in a three-electrode cell that completes
the circuit.

Ohm's law

the statement that the current moving through a circuit is
proportional to the applied potential and inversely
proportional to the circuit's resistance (E=I‘R)

Potentiometer

a device used for measuring the potential of an
electrochemical cell without drawing a current or altering
the cell's composition

Galvanostat

a device used to control the current in an electrochemical
cell

Potentiostat

a device used to control

electrochemical cell

the potential in an
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3. Match each word in “A” with its synonym in “B”.

A. Specific, category, response, diffusion, experiment, substantial, diminish,
rapidly, interface, detection, determine.

B. Class, reply, dispersion, particular, significant, define, trial, fast, revealing,
boundary, weaken.

4. Match each word in “A” with its antonym in “B”.

A. Detection, increase, inert, approximately, connect, alternating current,
specific, continuously.

B. Diminish, vague, concealment, direct current, moving, disconnect,
intermittently, exactly.

5. There is a presented diagram of the electrochemical methods. Think
what you know about each method. Then read the information and find the
ideas, which were not known to you before reading.

CLASSIFICATION
OF ELECTROCHEMICAL METHODS

1. POTENTIOMETRY
It measures electrical potential developed by an electrode in an electrolyte
solution at zero current flow. It uses NERNST EQUATION relating potential to
concentration of some ion in solution.

2. VOLTAMMETRY
It determines concentration of an ion in dilute solutions from current flow as a
function of voltage when POLARIZATION of ions occurs around the electrode.
POLARIZATION = depletion of concentration caused by electrolysis. If using a
dropping mercury electrode, method is termed POLAROGRAPHY.

3. COULOMETRY
It is electrolysis of a solution and use of Faraday’s law* relating quantity of
electrical charge to amount of chemical change. [* essentially states that it takes
9.65 x 10" Coulombs of electrical charge to cause electrolysis of 1 mole of a
univalent electrolyte species.]

4. CONDUCTIMETRY
It measures conductance of a solution using INERT ELECTRODES,
ALTERNATING CURRENT, AND AN ELECTRICAL NULL CIRCUIT -
thereby, ensures no net current flow and no electrolysis. The concentration of
ions in the solution is estimated from the conductance

NOTES:

a) Methods 1 and 4, NO ELECTROLYSIS of solution. Sample is recoverable,
unaltered by analysis.

b) Methods 2 and 3 should cause ELECTROLYSIS OF THE SAMPLE.
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6. Read passages attentively and get ready to talk about each method.

Classification of Electrochemical Methods

Although there are only three principal sources for the analytical signal
— potential, current, and charge a wide variety of experimental designs are possible.
The simplest division is between bulk methods, which measure properties of the
whole solution, and interfacial methods, in which the signal is a function of
phenomena occurring at the interface between an electrode and the solution in
contact with the electrode. The measurement of a solution's conductivity, which is
proportional to the total concentration of dissolved ions, is one example of a bulk
electrochemical method. A determination of pH using a pH electrode is one example
of an interfacial electrochemical method. Only interfacial electrochemical methods
receive further consideration in this text.

Interfacial Electrochemical Methods

Interfacial electrochemical methods are divided into static methods and dynamic
methods. In static methods no current passes between the electrodes and the
concentrations of species in the electrochemical cell remain unchanged, or static.
Potentiometry, in which the potential of an electrochemical cell is measured under
static conditions, is one of the most important quantitative electrochemical methods.

The largest division of interfacial electrochemical methods is the group of
dynamic methods, in which current flows and concentrations change as the result of a
redox reaction. Dynamic methods are further subdivided by whether we choose to
control the current or the potential. In controlled current coulometry, we completely
oxidize or reduce the analyte by passing a fixed current through the analytical
solution. Controlled-potential methods are subdivided further into controlled-
potential coulometry and amperometry, in which a constant potential is applied
during the analysis, and voltammetry, in which the potential is systematically varied.

7. Answer the following questions.

e What are the principal sources for the analytical signal?

How many varieties of experimental designs are possible?

What can we measure using bulk and interfacial methods?

Would you give an example of an interfacial electrochemical method?
What methods are interfacial electrochemical methods divided into?
Describe each method.
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8. Draw the diagram of interfacial electrochemical methods and ask your
partner about each method.

9. Skim the passage as fast as possible and find answers to the questions
below, then divide the text into logical parts and entitle each part and make an
appropriate comment on each part.

e What do electrochemical methods include?

What are potentiometric methods based on?
What are coulometric methods based on?

What is called polarography?

What is amperometry?

What is called the ion-selective electrode?

What forms of polarography are described here?

SUMMARY

Electrochemical methods include potentiometry, coulometry, and
voltammetry. Potentiometric methods are based on the measurement of an
electrochemical cell's potential when only a negligible current is allowed to flow. In
principle the Nernst equation can be used to calculate the concentration of species in
the electrochemical cell by measuring its potential and solving the Nernst equation;
the presence of liquid junction potentials, however, necessitates the use of an external
standardization or the use of standard additions.

Coulometric methods are based on Faraday's law that the total charge or current
passed during an electrolysis is proportional to the amount of reactants and products
in the redox reaction. If the electrolysis is 100% efficient, in that only the analyte is
oxidized or reduced, then the total charge or current can be used to determine the
amount of analyte in a sample. In controlled-potential coulometry, a constant
potential is applied and the current is measured as a function of time, whereas in
controlled — current coulometry, the current is held constant and the time required
to completely oxidize or reduce the analyte is measured.

In voltammetry we measure the current in an electrochemical cell as a function
of the applied potential. Individual voltammetric methods differ in terms of the type
of the electrode used, how the applied potential is changed, and whether the
transport of material to the electrode's surface is enhanced by stirring.

Polarography is a voltammetric experiment conducted at a mercury electrode
under conditions in which the solution is not stirred. Normal polarography uses a
dropping mercury electrode (or a static mercury drop electrode) and a linear
potential scan in an unstirred solution. Other forms of polarography include normal
pulse polarography, differential pulse polarography, staircase polarography, and
square-wave polarography, all of which apply a series of potential pulses to the
mercury electrode.

In hydrodynamic voltammetry the solution is stirred either by using a magnetic
stir bar or by rotating the electrode. Because the solution is stirred, a dropping
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mercury electrode cannot be used and is replaced with a solid electrode. Both linear
potential scans or potential pulses can be applied.

In stripping voltammetry the analyte is first deposited on the electrode, usually
as the result of an oxidation or reduction reaction. The potential is then scanned,
either linearly or by using potential pulses, in a direction that removes the analyte by
a reduction or oxidation reaction.

Amperometry is a voltammetric method in which a constant potential is applied
to the electrode and the resulting current is measured. Amperometry is most often
used in the construction of chemical sensors that, as with potentiometric sensors, are
used for the quantitative analysis of single analytes. One important example, for
instance, is the Clark O, electrode, which responds to the concentration of dissolved
O, in solutions such as blood and water.

Note:*In voltammetry the working electrode's surface area is significantly
smaller than that used in coulometry.

10. Fill in the blanks with the necessary words given in the box

In hydrodynamic ............. the solution is stirred either by using a...... ......
bar or by rotating the electrode. Because the solution is stirred, a dropping mercury
electrode cannot be used and is replaced with a ...... electrode. Both linear potential
scans or potential pulses can be applied.

In stripping voltammetry the ........ is first deposited on the electrode, usually
as the result ofan ......... or reduction reaction. The potential is then scanned, either
linearly or by using potential...... , In a direction that removes the analyte by a
reduction or oxidation reaction.

Voltammetry magnetic stir  pulses  analyte solid oxidation

11. Write the annotation of the text “Summary” with the algorithm given in
Appendix 3.

-
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GRAMMAR REVISION

1. Remember the Infinitive forms.

Active Voice Passive Voice
Simple To solve To be solved
Continuous To be solving —
Perfect To have solved To have been solved
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2. Study and remember the following chart, mind the functions of the
Infinitive:

1. To repeat the words is very useful. Subject

It is important to solve this question.

2. The main task is to examine this substance. Predicative

He has to (must, may...) solve this problem.

The substance began to melt.

3. He tried to finish his work in time. Object

He is sorry to have been late.

4. The material to be used was examined.

He was the first to examine this material. Attribute

Here is the student to examine this material.

5. To understand this phenomenon well one must know the Adverbial modifier

structure of the material. of purpose

6. He knew me too well not to believe me. Ad_verblal
modifier of result

3. Define functions of the Infinitive and translate sentences into Russian.
A

1. Chemical reactions that change the concentration of hydrogen ions to become
the same as in pure water are called neutralization reactions. 2. Ammonium ions
interact with water to form hydronium ions in equilibrium with molecular ammonia.
3. No special regulation of concentration is required to effect a separation between
the chlorides of these ions. 4. The purpose of these experiments was to observe
properties of the element involved. 5. The aim of these research-workers is to find
out the required element. 6. As a result of many experiments involving combining
weights, chemists have been able to determine the relative weights of different
elements. 7. The substance to be extracted should be more soluble in the extracting
solvent than in the initial solution.

B

1. Some of the metals are not active enough to react with water at ordinary
temperature. 2. To establish the molecular weight of oxygen means to find the
number of atoms in the oxygen molecule. 3. The apparatus to be used in our work
was constructed in our laboratory. 4. Where is the mixture to be heated? 5. E.
Rutherford was the first to change nitrogen to oxygen by bombarding nitrogen atoms
with alpha particles. 6. To determine the relative weights of different elements we
were to use the relative system of atomic weights. 7. A slight addition of pressure at
this temperature should cause liquefaction to take place, but beyond this temperature
no amount of pressure would enable the gravitational attraction to exceed the energy
of motion. 8. In order to liquefy a gas at a temperature below its critical temperature,
it is practically necessary only to compress the gas.
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4. Paraphrase the following sentences according to the given models:

Model I: The problem which is to be solved by us is very interesting.

The problem to be solved by us is very interesting.

1. Many ores which are to be found in our region will be used in industry. 2. The
report which will be made by this scientist deals with very important problems in the
field of atoms. 3. The solution which is to be filtered was poured into a flask. 4. The
article which is to be translated is published in our journal. 5. The experiment which
will be carried out will help us in our investigation.

Model I1: He was the first who passed all his exams. He was the first to pass all

his exams.

1. Dalton was the first who deduced scientifically the atomic theory from
experimental data. 2. She was the last who learned the news. 3. Alpha radiation was
the first that was studied in detail at that time. 4. He was the third who translated the
article so well. 5. This student was the last who left the laboratory.

5. Study and remember the following chart, pay attention to the Passive
Infinitive:

Active Infinitive Passive Infinitive
1. She doesn't want to ask you. 1. She doesn't want to be asked.
2. My friend was glad to have 2. My friend was glad to have been given
given you this book. this book
3. He had to translate this article 3. The article had to be translated without a
without a dictionary. dictionary.

6. Find the sentences with the Complex Subject and translate them into
Russian:

1. The new method appeared to be very tedious and time-consuming. 2. The
atoms of unconfined elements proved to be electrically neutral. 3. Elements
composed of atoms containing only one or two valence electrons prove to form
positive ions by giving up electrons during their reactions. 4. This new element has
been discovered to be very useful. 5. They knew this new element to have been
discovered and used. 6. The concentration of the solute particles seems to be less than
an integral multiple of the molecular concentration. 7. The question known to be very
important will be discussed very soon.8. Many of the substances determined to be
soluble will be carefully investigated. 9. Zinc and cadmium are used widely to protect
iron and steel from rust. 10. The concentration of chromate ions required to establish
this condition may be secured through the use of a weakly acidic solution of
potassium chromate. 11.During the burning of coal there appears to be a loss of
weight. 12. No single set of properties is sufficient to serve for the definition of
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matter. 13. The changes reported to take place are shown in this table. 14. These
changes were found to follow certain rules.

7. Change the subordinate clauses into sentences with the Complex Subject:
Model: a) It is known that hafnium is used for making special glasses.
b) Hafnium is known to be used for making special glasses.

1. It was proved that the boiling point of hafnium was 5,400 °C. 2. It is
considered that hafnium is hot-rolled in air at 840 ° C. 3. It is known that zircons from
granite rocks have higher Hf/Zr ratios than a mineral from alkalic rocks. 4. It has been
estimated that the ratio of hafnium to zirconium is 0.02. 5. It is reported that the main
problem in the production of hafnium is its separation from zirconium.

8. Translate the following sentences into Russian. Pay attention to the
Complex Subject.

1. This situation is likely to occur at very high temperatures. 2. This point is not
likely to be clarified because of the absence of an exact theory of irreversible
processes. 3. In this case there seems to be no discrepancy between the experimental
data and theory. 4. The ratio of the internal and gravitational mass was always found
to be the same. 5. The electrons seem to be required to pick their way through a dense
collection of ions whose own electric fields scatter and deflect them. 6. A tachyon
whose energy is positive for one observer, however, might appear to be negative to
other observers in motion with respect to the first. 7. Simple capture is said to be a
resonance process; it can occur only if there is resonance between the energy of the
incident neutron and the energy of one of the states of excitation of the new
composite nucleus.

9. Change the subordinate clauses into sentences with the Complex Subject:

Pattern: It is known that he is a good engineer. — He is known to be a good
engineer.

1. It is known that heat is a form of energy. 2. It is known that the delegation
has left for home. 3. It is believed that he is one of the best students of our group. 4.
It is reported that copper and silver are the best conductors of electricity. 5. It is
known that Oxford and Cambridge are the most famous Universities in Great Britain.
6. It appeared that this phenomenon was of great importance. 7. It is unlikely that he
will come back in a week. 8. It appeared that gamma rays were true waves like X-
rays, but of much shorter wave-lengths. 9. It was found that beta rays consisted of
negative electrons.

10. Define sentences with the Complex Subject.

1) Natural uranium has been stated to consist mainly of two isotopes. 2) Only a
limited number of reactions is known to be influenced by light. 3) Forests are planted
to stop dry winds. 4) To be fully effective control must start with the prediction of
raw material. 5) To understand the procedure we must consider the following
analogy. 6) To give a true picture of the surrounding matter is the task of natural
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science. 7). The particles shown to be negatively charged were used in this device. 8)
The beta rays were shown to be negative particles. 9). The element helium is known
to have been discovered in the sun. 10) Organic chemistry is known to be defined as
the chemistry of compounds containing carbon. 11) The experimenter knew this
substance to be absolutely pure. 12) The procedure to be used for this work must be
very accurate.

SELF-CHECK

1. Translate sentences into English, use the Complex Subject.

1. U3BecTHO, UTO LHUHK — 3TO CEPEOPUCTO-OENbIii MeTall ¢ OTHOCUTEIHLHO
HU3KAMU TOYKOH raBieHus (419,5 °C) n touxout xunenus (907 °C). 2. V3BecTHO,
YTO HAYYHbIE COTPYJHUKHU HAIIEr0 MHCTUTYTA MPOBEJIU CEPUIO IKCICPUMEHTOB IO
pacHICTUICHUIO ypaHa. 3. DTOT METOJ, MO-BUIUMOMY, CTapblii U HE JIaeT XOPOIIUX
pe3ynbTatoB. 4. Oka3ajaoch, YTO CTOMMOCTb IMPOM3BOJICTBA ATUX BEIIECCTB OYCHD
BenuKa. 5. M3BecTHO, 4TO siiepHOE JIeJIeHUE — OJMH U3 HOBBIX THUIIOB TPAHCMYTAIlUH.
6. Cuuraercs, 4TO ypaH ¥ TOPHUI SBISIOTCS BaXKHBIMU UCTOYHUKAMHU TEILJIa B MUpE. 7.
Oka3zanock, 4YTO X JOUYEPHHE SApPA COJEPHKAT HECKOJIBKO HEUTPOHOB, IEPBOHAYAIBHO
MIPUCYTCTBYIOIIMX B siipe ypaHa 236.

2. Read the Russian variant and choose the necessary form in the English
sentence:

1. CoobmiaroT, yTo meneraius yxe npuexana. The delegation is reported (to
come, to have come). 2. M3BecTHO, 4TO OH padoTaeT Haa ATOW MPOOJIEMOW MHOTO
aer.  He is known (to be working, to have been working) at this problem for many
years. 3. YTBep»KmawT, 9TO ITOT 3aKOH ObuT OTKphIT JlomoHOocoBbIM. This law is
stated (to be discovered, was discovered, to have been discovered) by Lomonosov. 4.
Oxka3spIBaeTcs, YTO 9Ta CHja ACHCTBYET Ha IUIOCKOCTh.  This force seems (to have
acted, to be acting) on the plane. 5. Cuutart, 4TO 3TOT CTYACHT HM3y4aeT (PHU3HKY
oueHb JaaBHO. This student is considered (to have been studying, to be studying)
physics for a long time. 6. 3akoHbI ABMXKCHHMS, KOTOPBIE HAJ0 PACCMOTPETh B 3TOM
TEKCTE, KaK U3BECTHO, ObLTH chopmynupoBanbl Hetororom. The laws of motion to be
analyzed in this text are known (to have been formulated, to be formulated) by
Newton. 7. OxuaaroT, 4TO 3TOT ONBIT OyAeT MpOBEACH 3aBTpa. This experiment is
expected (will be made, to be made, to have been made) tomorrow.
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UNIT 8
Voltammetry

Grammar: Complex Object

«For + to» Infinitive Construction
Polysemantic Words.

1. Warm up

e What do you know about voltammetry?
e What devices are used in this method of analysis.

2. Study the definitions of the following words

Ramp, n slope, incline
Total, n whole amount; adj. — complete, entire
Sweep, v _extend In continuous curve, carry
’ impetuously, brush off
look at carefully, measure, look into,
Scan, v .
examine
Rate, n degree of speed, tempo
Plot, n plan, scheme
Magnitude, n greatness; size; importance, value
Amplitude, n spaciousness, width
Dislodge, v ﬂ_ri\_/e out especial!y from the place of
iding, remove, dislocate
Step, n footstep, measure in paces

3. Match each word in “A” with its synonym in “B”.

A. General, apply, vary, include, rotate, replace, minimize, duration, eliminate,

return, occur, rate, experiment, magnitude, scale.

B. Use, differ, comprise, speed, range, reinstate, common, turn around, value,

lessen, come back, happen, test, remove, period.
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. Look through the passage carefully and answer the following questions:
What is called a voltammogram?
What is voltammetry?
Do you often use a voltammetric method of analysis in your work?
What can you analyze by this method?
What electrodes are used in this method?

e o o o o

VOLTAMMETRY

Voltammetry is an electrochemical method in which we measure current as a
function of the applied potential.

Voltammetry is essentially an electrolysis on a microscale, using a micro
working electrode (e.g., a platinum wire). As the name implies, it is current-voltage
technique. The potential of the microworking electrode is varied (scanned slowly)
and the resulting current is recorded as a function of applied potential. The recording
is called a voltammogram. If an electroactive (reducible or oxidizable) species is
present, a current will be recorded when the applied potential becomes sufficiently
negative or positive for it to be electrolyzed. [By convention, a cathodic (reduction)
current is + and an anodic (oxidation) current is -]. If the solution is dilute, the current
will reach a limiting value, because the analyte can only diffuse to the electrode and
be electrolyzed at a finite rate, depending on its concentration. We will see below that
the limiting current is proportional to the concentration of the species. The
microelectrode restricts the current to a few microamperes or less, and so in most
applications the concentration of the test substance in solution remains essentially
unchanged after the voltammogram is recorded.

5. Fill in the gaps with corresponding words from the box below.

The Voltammetric Cell

A voltammetric cell consists of the microworking electrode, the auxiliary
electrode, and a reference electrode, usually an SCE. A ...( A device used to control
the potential in an electrochemical cell) is employed to control the potential. The
current of the working electrode is recorded as a function of its potential measured
against the ... ..., (whose potential remains constant and against which other
potentials can be measured) but the voltage is applied between and the current passes
between the working and auxiliary electrodes.
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In this manner, the current-voltage curve is not disturbed by an appreciable
solution resistance, which creates an iR drop (voltage drop) between the working and
auxiliary electrodes, as in nonaqueous solvents. The recorded potential is that
between the working electrode and the reference electrode, with essentially no flow
of current.

reference electrode potentiostat

6. Skim the text below and choose the answers that suit the following
guestions best.

e What is called faradic current?

e \What is nonfaradic current?

e \What is cathodic current?

e \What is anodic current?

Currents in Voltammetry

When an analyte is oxidized at the working electrode, a current passes electrons
through the external electric circuit to the auxiliary electrode, where reduction of
the solvent or other components of the solution matrix occurs. Reducing an analyte
at the working electrode requires a source of electrons, generating a current that
flows from the auxiliary electrode to the cathode. In either case, a current resulting
from redox reactions at the working and auxiliary electrodes is called a faradic
current. In this section we consider the factors affecting the magnitude of this
faradic current, as well as the source of any nonfaradic currents.

Since the reaction of interest occurs at the working electrode, the classification
of current is based on this reaction. A current due to the analyte's reduction is called a
cathodic current and, by convention, is considered positive. Anodic currents are
due to oxidation reactions and carry a negative value.

Influence of Mass Transport on the Faradic Current

There are three modes of mass transport that influence the rate at which
reactants and products are transported to and fro the electrode surface: diffusion,
migration, and convection. Diffusion from a region of high concentration to a
region of low concentration occurs whenever the concentration of an ion or molecule
at the surface of the electrode is different from that in bulk solution. The volume of
solution in which the concentration gradient exists is called the diffusion layer.
Without other modes of mass transport, the width of the diffusion layer, 8, in-
creases with time as the concentration of reactants near the electrode surface de-
creases. The contribution of diffusion to the rate of mass transport, therefore, is time-
dependent.

Note:  *In voltammetry the working electrode's surface area is
significantly smaller than that used in coulometry. Consequently, very little
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analyte undergoes electrolysis, and the analyte's concentration in bulk solution
remains essentially unchanged.

7. Explain the words given in bold.

8. What is the main idea of the last text?

9. Before reading the passage, read its headline and say what you know
about this problem. Discuss it with your partners. Then read the passage and

find the facts supporting your ideas.
Pay attention to the following definitions:

Faradic current — Any current in an electrochemical cell due to an
oxidation or reduction reaction

Cathodic current — A faradic current due to a reduction reaction

Anodic current — A faradic current due to an oxidation reaction

Mass transport — The movement of material toward or away from the
electrode surface

Diffusion — The movement of material in response to a
concentration gradient

Diffusion layer — The layer of solution adjacent to the electrode in

which diffusion is the only means of mass transport
POLAROGRAPHY

Polarography is an voltammetric measurement whose response is determined by
combined diffusion/convection mass transport. Polarography is a specific type of
measurement that falls into the general category of linear-sweep voltammetry where
the electrode potential is altered in a linear fashion from the initial potential to the
final potential. As a linear sweep method controlled by convection/diffusion mass
transport, the current vs. potential response of a polarographic experiment has the
typical sigmoidal shape. What makes polarography different from other linear sweep
voltammetry measurements is that polarography makes use of the dropping mercury
electrode (DME).

A plot of the current vs. potential in a polarography experiment shows the
current oscillations corresponding to the drops of Hg falling from the capillary. If one
connected the maximum current of each drop, a sigmoidal shape would result. The
limiting current (the plateau on the sigmoid), called the diffusion current because
diffusion is the principal contribution to the flux ¢ electroactive material at this point
of the Hg drop life, is related to analyte concentration by the Ilkovic equation:

iy = 708nD1’2m2’3t1’60,
where D is the diffusion coefficient of the analyte in the medium (cm?®/s), n is the
number of electrons transferred per mole of analyte, m is the mass flow rate of Hg

69



through the capillary (mg/sec), and t is the drop lifetime is seconds, and ¢ is analyte
concentration in mol/cm?®,

There is a number of limitations to the polarography experiment for quantitative
analytical measurements. Because the current is continuously measured during the
growth of the Hg drop, there is a substantial contribution from capacitive current. As
the Hg flows from the capillary end, there is initially a large increase in the surface
area. As a consequence, the initial current is dominated by capacitive effects as
charging of the rapidly increasing interface occurs. Towards the end of the drop life,
there is little change in the surface area which diminishes the contribution ¢
capacitance changes to the total current. At the same time, any redox process, which
occurs, will result in the farad current that decays approximately as the square root of
time (due to the increasing dimensions of the Nernst diffusion layer). The
exponential decay of the capacitive current is much more rapid than the decay of the
faradic current; hence, the faradic current is proportionally larger at the end of the
drop life. Unfortunately, this process is complicated by the continuously changing
potential that is applied to the working electrode (the Hg drop) throughout the
experiment. Because the potential is changing during the drop lifetime (assuming
typical experimental parameters of a 2mV/sec scan rate and a 4 sec drop time, the
potential can change by 8 mV from the beginning to the end of the drop), the charging
of the interface (capacitive current) has a continuous contribution to the total current,
even at the end of the drop when the surface area is not rapidly changing. As such,
the typical signal to noise of a polarographic experiment allows detection limits of
only approximately 10° or 10° M. Better discrimination against the capacitive
current can be obtained using the pulse polarographic techniques.

Qualitative information can also be determined from the half-wave potential of
the polarogram (the current vs. potential plot in a polarographic experiment). The
value of the half-wave potential is related to the standard potential for the redox
reaction being studied.

10. Write the outline of the text and choose the key words on the subject.

11. What is the difference between polarography and other linear sweep
voltammetry measurements?

12. Explain the meaning of the word combinations given in bold.

13. Quote the text to prove that:

e A polarographic experiment has the typical sigmoidal shape;

e The initial current is dominated by capacitive effects;

e The exponential decay of the capacitive current is much more rapid than the
decay of the faradic current;

14. Fill in the blanks with the necessary words given in the box.
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Potentiomentry measures ... developed by an ... in an electrolyte solution at
Zero ... .
It uses the Nernst equation relating ... to ... of some ion in solution.

Electrical potential electrode zero current
flow concentration potential

15. Read the following information and answer the following questions
e What is this text about?

e How is polarogram obtained?

e What is the advantage of the normal pulse polarography method?

Normal-Pulse Polarography (NPP)

Pulse polarographic techniques are voltammetric measurements, which are
variants of the polarographic measurement, which try to minimize the background
capacitive contribution to the current by eliminating the continuously varying
potential ramp, and replacing it with a series of potential steps of short duration. In
Normal-pulse polarography (NPP), each potential step begins at the same value (a
potential at which no faradic electrochemistry occurs), and the amplitude of each
subsequent step increases in small increments. When the Hg drop is dislodged from
the capillary (by a drop knocker at accurately timed intervals), the potential is
returned to the initial; value in preparation for a new step.

For this experiment, the polarogram is obtained by plotting the measured
current vs. the potential to which the step occurs. As a result, the current is not
followed during Hg drop growth, and normal pulse polarogram has the typical shape
of a sigmoid. By using discrete potential steps at the end of the drop lifetime (usually
during the last 50-100 ms of the drop life which is typically 2-4 s), the experiment has
a constant potential applied to an electrode with nearly constant surface area. After
the initial potential step, the capacitive current decays exponentially while the faradic
current decays as the square root of time. The diffusion current is measured just
before the drop is dislodged, allowing excellent discrimination against the
background capacitive current. In many respects, this experiment is like conducting a
series of chromoamperometry experiments in sequence on the same analyte solution.
The normal pulse polarography method increases the analytical sensitivity by 1 - 3
orders of magnitude (limits of detection 107 to 10® M, relative to normal dc
polarography.

16. Explain the words given in bold.
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17. Write the abstract of one of the articles. They are given at the end of the
book. See Appendix 4.

N @ | Gr‘ammarﬁzﬂ%o@ |
GRAMMAR REVISION

1. Translate the following sentences into Russian paying attention to the
Complex Object.

1. We know A.V. Shubnikov to have made the first systematic measurements of
the properties of Type Il superconductors. 2. In solids, molecules have fixed lattice
sites but their thermal motion causes them to vibrate around these equilibrium
positions. 3. We now know the subatomic particles to be created or destroyed easily.
4. No one expected this problem to be solved. 5. No scientist could suppose this
estimation to be true. 6. No one doubted us to have done the job well.

2. Make up simple sentences using the Complex Object:
Model: We believe that this flight is an outstanding event.
We believe this flight to be an outstanding event.

1. They supposed that this test will be carried out next month. 2. We know that
the first atomic power station has been built in Obninsk. 3. Our professor wants that
we should make use of these data. 4. | saw that they were testing this device. 5. |
heard that she spoke English. 6. We think that this research work will be completed in
a month.

3. Work in pairs.
Use the Complex Object answering the questions.

Pattern: The doctor was examining the patient. Robert saw it.
What did Robert see?
- Robert saw the doctor examine the patient.

e They were discussing the question. George heard it. What did George hear?

e The telegram was delivered at seven o'clock. Robert saw it. What did Robert
see?

e He announced the news loudly. Everybody heard it. What did everybody
hear?

e Alice mentioned it, and he heard it. What did he hear?

e The teacher explained the rule. We heard it. What did we hear?
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e The mechanic was repairing the car and everybody was watching him. Whom
was everybody watching?

e The engineer was examining the motor. Peter saw it. What did Peter see?

e The secretary typed the paper and the manager saw it. What did the manager
see?

4. Point out sentences in which the predicate has a direct object (simple or
complex).

e We like reading and translating technical texts from English into Russian.

e They found the substance to be a compound of two gases.

e One may safely expect this prediction to be quite reliable.

e By this method they could increase the number of molecules escaping from

the surface of the liquid.
e These figures indicate the expansion of the American economy.

5. Translate sentences with «For + to» Infinitive Constructions into
Russian.

1. It is the question too difficult for her to answer. 2. Here is the book for you to
read in the train. 3. It is important for them to fulfil this task in time. 4. He waited for
her to speak. 5. He asked for her papers to be brought. 6. He stepped aside for me to
pass. 7. There's nobody here for him to play with. 8. We waited for the director to
finish his conversation over the telephone. 9. These are the books for you to read in
summer. 10. Everybody waited for the meeting to start. 11. It was late for us to begin
discussing this question.

6. Translate the following sentences into Russian paying attention to the
word “make”.

Make, v — oenamo
To make use of — ucnonvzosame
To make up — cocmaeisims

To make up for — xomnencuposams, 6ocnonnsimo

Make + Infinitive without the particle “to” — 3acmasnamo
If the verb “make” is used in the Passive Voice, it has the particle “to”.

1. All in the earth and atmosphere is made up of atoms and molecules. 2. There
are other processes in nature by which nitrogen is made up for. 3. The question is
what makes a chemical reaction go. 4. When Mendeleyev reached iron he had to
make an eighth column with the three elements — iron, cobalt and nickel in it. 5. The
laboratory assistant was made to repeat that experiment. 6. We made that test to
make you realize that it was necessary to raise the pressure by three atmospheres. 7.
No plans were made to analyze the new substance. 8. Each nucleus contains enough
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protons to account for the positive charge of a nucleus, the balance in the weight is
made up of neutrons.

SELF-CHECK
Translate the following sentences into Russian
paying attention to the Infinitive and Infinitive Constructions.

1. | want you to explain theory to him. 2. We heard our scientist speak on
the radio. 3. We expected the delegation to arrive soon. 4. Scientists are known to
have worked for a long time to find an answer to the last question. 5. At present, we
know heat to be a form of energy. 6. We know the electric charges to be positive and
negative. 7. | saw the water boil. 8. We suppose him to work at this plant. 9. He
seems to know English well. 10. He is supposed to work at this plant. 11. | wish you
to come again. 12. At present we know heat to be a form of energy. 13. The doctor
was the first person to be sent for. 14. He wanted me to visit his friend and to be
introduced to him. 15. Our students were happy to have been sent to the international
students’ camps. 16. The helium atom was found to have two electrons. 17. We are
supposed to graduate from the Academy in four years. 18. Everybody expected you
to give this information. 19. | saw her switch off the light and go out of the room. 20.
A computer is a suitable machine for them to use in their research work. 21. He is
unlikely to take one of the first prizes. 22. This test is supposed to be carried out next
month. 23. We know them to have graduated from the institute. 24. Their plans are
likely to change in the future. 25. The first man to fly into space was Y. Gagarin.

UNIT 9

Voltammetric Methods of Analysis

Grammar: Subjunctive Mood,;
Composite Prepositions

|

. Warm up
What was the earliest voltammetric technique?
Who was the father of polarography method?

2. Before reading the text, pay attention to the definitions of the following
words:

voltammetry

An electrochemical method in which we measure current as a function of the
applied potential.

voltammogram

A plot of current as a function of applied potential.
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Then read the text and tell about the steps of developing voltammetry.
Voltammetric Methods of Analysis

In voltammetry a time-dependent potential is applied to an electrochemical cell,
and the current flowing through the cell is measured as a function of that potential.
A plot of current as a function of applied potential is called a voltammogram and is
the electrochemical equivalent of a spectrum in spectroscopy, providing
guantitative and qualitative information about the species involved in the
oxidation or reduction reaction. The earliest voltammetric technique to be
introduced was polarography, which was developed by Jaroslav Heyrovsky
(1890-1967) in the early 1920s, for which he was awarded the Nobel Prize in
chemistry in 1959. Since then, many different forms of voltammetry have been
developed. Before examining these techniques and their applications in more detail,
however, we must first consider the basic experimental design for making
voltammetric measurements and the factors influencing the shape of the
resulting voltammogram.

3. Fill in the gaps with words given in the box.
Hydrodynamic Voltammetry

In polarography a limiting current is obtained because each falling drop of
mercury returns the solution near the electrode to its initial composition. As noted
earlier, a limiting current is also obtained whenever the solution is ...(mixed) during
the analysis. The simplest means of stirring the solution is with a magnetic stir bar.
More commonly, however, stirring is achieved by rotating the electrode.

In hydrodynamic... (An electrochemical method in which we measure current as
a function of the applied potential) current is measured as a function of the potential
applied to a solid working electrode. The same potential profiles used for
polarography, such as a linear scan or a differential pulse, are used in hydrodynamic
voltammetry. The resulting... (A plot of current as a function of applied potential)
are identical to those for polarography, except for the lack of current oscillations
resulting from the growth of the mercury drops. Because hydrodynamic voltammetry
Is not limited to Hg electrodes, it is useful for the analysis of analytes that are
reduced or oxidized at more positive potentials.

Voltammograms stirred voltammetry
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4. What is the difference between polarography and hydrodynamic
voltammetry?

5. Read the following information and put questions to this text, then ask
your partner.

Stripping Voltammetry

It is a form of voltammetry in which the analyte is first deposited on the electrode
and then removed, or "stripped,” electrochemically while monitoring the current as a
function of the applied potential.

One of the most important quantitative voltammetric techniques is stripping
voltammetry, which is composed of three related techniques: anodic, cathodic, and
adsorptive stripping voltammetry. Since anodic stripping voltammetry has found the
widest application, we consider it in the greatest detail. Anodic stripping voltammetry
consists of two steps. The first is a controlled potential electrolysis in which the
working electrode, usually a hanging mercury drop or mercury film, is held at a
cathodic potential sufficient to deposit the metal ion on the electrode. This step
essentially serves as a means of preconcentrating the analyte from the larger volume
of the solution to the smaller volume of the electrode. The solution is stirred during
electrolysis to increase the rate of deposition. Near the end of the deposition time
stirring is stopped, eliminating convection as a mode of mass transport. Deposition
times of 1-30 min are common, with longer times being used for analytes at lower
concentrations.

In the second step, the potential is scanned anodically toward more positive
potentials. When the potential of the working electrode is sufficiently positive the
analyte is stripped from the electrode. The current during the stripping step is
monitored as a function of potential, giving rise to peak-shaped.

The peak current is proportional to the analyte's concentration in the solution.

Anodic stripping voltammetry is very sensitive to experimental conditions,
which must be carefully controlled if results are to be accurate and precise. Key vari-
ables include the area of the mercury film electrode or the size of the Hg drop when
using a hanging mercury drop electrode, the deposition time, the rest time, the rate of
stirring, and the scan rate during the stripping step. Anodic stripping voltammetry is
best used for metals that form amalgams with mercury.

The experimental design for cathodic stripping voltammetry is similar to that
for anodic stripping voltammetry with two exceptions. First, the deposition step
involves the oxidation of the Hg electrode to Hg,*, which then reacts with the analyte
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to form an insoluble film at the surface of the electrode. For example, when CI" is the
analyte the deposition step is

2Hg(l) + 2CI'(aq) — Hg,Cly(s) + 28

Second, stripping is accomplished by scanning cathodically toward a more
negative potential, reducing Hg,?* back to Hg and returning the analyte to solution.

Hg.Cla(s) + 28 — 2Hg(l) + 2ClI'(aq)

The table below lists several analytes that have been analyzed successfully by
cathodic stripping voltammetry.

In adsorptive stripping voltammetry the deposition step occurs without elec-
trolysis. Instead, the analyte adsorbs to the electrode's surface. During deposition the
electrode is maintained at a potential that enhances adsorption. For example,
adsorption of a neutral molecule on a Hg drop is enhanced if the electrode is held at -
0.4 V versus the SCE, a potential at which the surface charge of mercury is
approximately zero. When deposition is complete the potential is scanned in an
anodic or cathodic direction depending on whether we wish to oxidize or reduce the
analyte. Examples of compounds that have been analyzed by absorptive stripping
voltammetry also are listed in Table below.

Stripping Voltammetry

Anodic Stripping Cathodic Stripping Absorptive
Voltammetry Voltammetry Stripping Voltammetry
bismuth bromide bilirubin
cadmium chloride codeine
copper iodide cocaine
gallium mercaptans (RSH) digitoxin
indium sulfide dopamine
lead thiocyanate heme
thallium - monensin
tin - testosterone

6. Explain the way you understand the italicized words and phrases in the
passage and answer the questions:
What is called the stripping voltammetry?
What techniques is stripping voltammetry composed of?
What is called anodic stripping voltammetry?
What is called cathodic stripping voltammetry?
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7. Skim the text “Voltammetric Measurements”, choose the key words on
the subject and write the outline of the text.

Voltammetric Measurement

Although early voltammetric methods relied on the use of only two electrodes,
modern voltammetry makes use of a three-electrode potentiostat. A time-dependent
potential excitation signal is applied to the working electrode, changing its potential
relative to the fixed potential of the reference electrode. The resulting current
between the working and auxiliary electrodes is measured. The auxiliary electrode is
generally a platinum wire, and the standard hydrogen electrode (SHE) and Ag/AgCI
electrode are common reference electrodes.

Several different materials have been used as working electrodes, including
mercury, platinum, gold, silver, and carbon. The earliest voltammetric techniques,
including polarography, used mercury for the working electrode. Since mercury is a
liquid, the working electrode often consists of a drop suspended from the end of a
capillary tube.

In the hanging mercury drop electrode, or HMDE, a drop of the desired size is
formed by the action of a micrometer screw that pushes the mercury through a
narrow capillary tube. In the dropping mercury electrode, or DME, mercury drops
form at the end of the capillary tube as a result of gravity. Unlike the HMDE, the
mercury drop of a DME grows continuously and has a finite lifetime of several
seconds. At the end of its lifetime the mercury drop is dislodged, either manually or
by gravity, and replaced by a new drop. The static mercury drop electrode, or SMDE,
uses a solenoid-driven plunger to control the flow of mercury. The SMDE can be
used as either a hanging mercury drop electrode or as a dropping mercury electrode.
A single activation of the solenoid momentarily lifts the plunger, allowing enough
mercury to flow through the capillary to form a single drop. To obtain a dropping
mercury electrode the solenoid is activated repeatedly. A mercury film electrode
consists of a thin layer of mercury deposited on the surface of a solid carbon,
platinum, or gold electrode. The solid electrode is placed in a solution of Hg** and
held at a potential at which the reduction of Hg** to Hg is favorable, forming a thin
mercury film.

Mercury has several advantages as a working electrode. Perhaps its most im-
portant advantage is its high overpotential for the reduction of H;O" to H,, which
allows the application of potentials as negative as -1 V versus the SCE in acidic
solutions, and —2 V versus the SCE in basic solutions. A species such as Zn®*, which
is difficult to reduce at other electrodes without simultaneously reducing H;O", is
easily reduced at a mercury working electrode.

8. Answer the following questions.

e What does modern voltammetry rely on?

e How does the auxiliary electrode look like?

e What materials have been used as working electrodes?

e What did the earliest voltammetric techniques use for working electrode?
78



N A
‘g 6] A
;;O.S‘~rayv/iacfjcejd.,oéz by

9. Work in pairs. Ask for the information, like this:
What does the HMDE mean?

HMDE stands for ...

What does the DME mean?

DME stands for ...

What does the SMDE mean?

SMDE stands for ...

10. Retell the text according to your outline.
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GRAMMAR REVISION

1. Translate the following sentences into Russian, mind the Subjunctive
Mood.

1.We suggested that the project should be discussed in detail. 2. Whatever the
nature of the tube and the arrangement of the electrode be, an emitting electrode
should be present. 3. He proposed that this fact be used to define a temperature scale,
which would be independent of the properties of any particular substance. 4. The new
technique suggests that a similar method might be used in color television. 5. It is
necessary that the plates of a condenser be well insulated from one another. 6. It is
desirable that the student should know another definition of radioactive elements. 7.
It is important that all machinery should be always in good order. 8. In many
operations it is important that the frequency of the oscillator be constant.

2. Insert the verbs in the forms of the Subjunctive Mood instead of the
Infinitives.

1. So that an electric current may flow through a circuit, it is necessary that there

(to be) an electromotive force acting in the circuit. 2. It was suggested that the

machine parts (to be tested) under very severe conditions. 3. It is theoretically

possible that a part of the nuclear energy (to be liberated) by transforming either the

lightest or the heaviest of the elements into others of medium weight. 4. Mendeleyev

found it is necessary to alter some atomic weights in order that the elements (to fall)
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into positions in the periodic table assigned to them by their chemical properties. 5.
The concept of a fundamental particle requires that we (to have) also precise
knowledge about their rest mass, their spin, as well as the statistics they obey. 6. The
crystal acts as if it (to be compressed) by a great pressure. 7. The whole weight of a
body acts as though it (to be concentrated) at a single point, this point being called the
centre of gravity. 8. When an electromagnetic wave propagates through uniform
plasma it behaves as though the plasma (to be) a homogeneous dielectric medium. 9.
He found that such an object casts a shadow, as though the glow (to be produced) in
the glass by rays proceeding in straight lines from the cathode.

3. Translate the following sentences into Russian, concentrate on words
“should” and “would”.

1) It is not necessary that there should be two coils of wire in order to observe
the phenomenon of inductance. 2) If the human eye were uniformly sensitive to
radiation of all wavelengths, the radiant power expressed in watts would provide an
adequate method of evaluating the flux. 3) Nuclear energy should be used for
peaceful purposes only. 4) Since it is a scalar, it should be the same for any
orientation of the spin. 5) First we should consider the arrangement of atoms in
metals, i.e. in substances having thermal and electrical conductivities. 6) Since a
liquid-crystal device does not emit light, it should require relatively little power. 7) If
negative-energy tachyons were emitted by the unexcited atoms of ordinary matter,
this would cause the emitting atoms to be unstable. 8) If it were not for the
ionosphere, radio waves would propagate like light waves, only within the limits of
the visible horizon. 9) If at this moment the charged rod were removed all the original
charges in the electroscope would return to their original positions.

4. Translate sentences into Russian, pay attention to the paired
conjunctions

Either ... or — wm ... wiu; 6o ... 1160

The ... the —yem ..., TeM (B COYCTaHUU C MPHIATaTSIILHBIMUA B CPAaBHUTEIILHOM

CTETICHN)

Whether ... or — 6yap TO ... WiK; HE3aBUCUMO OT TOTO ... JIH

1. The more carbon the steel contains, the harder it becomes. 2. The stronger the
magnet, the more magnetic lines of force pass through a given space. 3. The more
surface of the material is exposed to the air, the more rapidly burning takes place. 4.
The higher the energy of the bombarding electrons, the greater the number of
secondary electrons to be emitted. 5. The lower the electronegativity of the metal, the
higher the reactivity of its organometallic compounds. 6. The method is used whether
the product is pure or contaminated. 7. In any element whether it is gold, copper,
mercury, hydrogen or any other element electrons are always in motion. 8. In each
salt crystal whether large or small the ions of chlorine and sodium are arranged in
regular order. 9. Oxidation may be either slow or rapid, in both cases the same
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amount of heat is liberated provided that the same kind and quantities of substances
undergo oxidation. 10. Acids may be either gases, liquids or solids.

5. Remember well these composite prepositions.

According to
In accordance with

COIJIaCHO

Aside from

Apart from MTOMHUMO, KpOMe

Because of

On account of

By virtue of

Owing to u3-3a; B CUITy; Oiaromapsi
Thanks to

Due to

To be due to OBITh BBI3BaHHBIM, 00YCIOBICHHBIM
By means of IIPU TIOMOIIIH, IIOCPEICTBOM

Compared to/with
Depending upon/on

I1I0 CPABHCHHUIO C
B 3aBUCHUMOCTH OT

Except for KpOMe€, UCKITIoYast

In spite of HECMOTPS

Instead of BMECTO

Regardless of HE3aBHCHMO OT

In terms of Ha OCHOBE, B BUJIE, UCXO/S U3
Parallel with HapsITy

With respect to B OTHOIICHUH

With regard to NPUHUMAs BO BHUMaHHE

6. Translate the following sentences into Russian.

1) Radiant energy is described in this paper in terms of the electromagnetic
spectrum. 2) Iron is usually used when hydrogen is prepared by means of the
reaction between water and a metal. 3) Due to its greater energy content ozone is
more reactive than oxygen. 4) The difference between the two kinds of product is
largely due to the amount and nature of impurities. 5) The electrons and the nucleus
are very small as compared to the size of the atom. 6) Gases, unless highly
compressed, are characterized by extreme lightness compared to liquids and solids,
while compared to gases the former are highly incompressible. 7) The property by
virtue of which a body offers resistance to a change in its motion is called inertia. 8)
The liquids were selected with regard to their degree of polarity and the temperature
range, which permits them to remain in the liquid state. 9) The elements are arranged
in the Periodic Table in accordance with their atomic number. 10) On account of its
inertness it is difficult to make nitrogen combine with other elements and its
compounds are unstable.
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SELF-CHECK

1. Translate the parts of the sentences given in Russian into English.

Model: In general, it may be desirable that the transmitted pulse (should) make
some mark on the oscilloscope to serve as a zero time-of-flight reference.

e Inthis case it is desired that ... anrenns! uMeIH OB HECKOIBKO MEHBIIIEE

yCHUIICHHUE.
e [t isrequired that ... oTHOIIEHUE “cUTHAN-IITYM” OBLIO OB
yIIOBJIETBOPUTEIHLHBIM.

e [tis necessary that ... mepegaBaemplii cUrHaJ ObLT ObI OUE€Hb OOJIBIITON CHUJIBI.

e [t is impossible that ... oTpa)kxeHHBI UMIYJIbC BEPHETCS YEPE3 KOPOTKOE
BpEMHI.

e [t is unnecessary that ... pagap umen Obl TOUHBIA CTAOUIIU3ATOP YACTOTHI.

UNIT 10

Potentiometry

Grammar: Conditional Sentences;
Negation in the English Sentence;
Composite Verbs

1. Warm up
e What do you know about potentiometry and potentiometric methods of
analysis?

&'a“?) ¢ i
<N\ S

2. Active Vocabulary
Study the meaning of the following words.

Proceed, v go forward, continue, be carried on
Equilibrium, n state of balance
Conduct, v lead, direct, escort
State, n condition
Allow, v permit, acknowledge
Calculate, v compute, consider, think
Explicit, adj. statement clearly and fully expressed
Permeable, adj. admitting of passage of fluids
i forms compounds with the meaning of ‘half’ as in
Semi-, pref. . ) X
semiconductor
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Membrane, n thin flexible material
Selective, adj. choice, picked, exclusive
Discrepancy, n contradiction, difference , disagreement

3. Match each word in “A” with its synonym in “B”.

A. Measure, determine, concentration, component, occur, proceed, condition,
satisfy, concept, introduce, difference, allow, standard, generate, permeable.

B. Porous, designate, quantify, part, create, arise, circumstance, focus, nation,
discrepancy, agree to, continue, make happy, normal, bring in.

4. Match each word in “A” with its antonym in “B” and translate them into
Russian.

A. Permeable, allow, difference, proceed, concentration, anode, standard, initial,
typically, involve.

B. Forbid, recede, watertight, cathode, similarity, destruction, unusual, bore,
final, uncharacteristically.

5. Match the following word combinations in “A” with Russian equivalents

in “B”.
A. B.

a) moJIyrpoHHuIiaeMas MeMOpaHa
b) okuCIUTENEHO- BOCCTAaHOBHUTEIbHAS
peaKiuu
C) HOTEHIIHOMETPUIECKHE SABICHHUS
d) pa3HOCTBH IOTEHITHAIIOB
€) U3MepsAEeMbIi MOTCHIIHAI
f) cranmapTHOe cocTosTHUE

&

=4 ! e

Measured potential
Standard state

Redox reactions
Potentiometric phenomena
Semi-permeable membrane
Potential difference

SoghkowdE

6. Read the following information and put the questions to the words given
in italics.

Potentiometry
Potentiometry is the field of electroanalytical chemistry in which potential is
measured under the conditions of no current flow. The measured potential may then
be used to determine the analytical quantity of interest, generally the concentration of
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some component of the analyte solution. The potential that develops in the
electrochemical cell is the result of the free energy change that would occur if the
chemical phenomena were to proceed until the equilibrium condition has been
satisfied.

This concept is typically introduced in quantitative analysis courses in relation
to electrochemical cells that contain an anode and a cathode. For these
electrochemical cells, the potential difference between the cathode electrode potential
and the anode electrode potential is the potential of the electrochemical cell.

If the reaction is conducted under standard state conditions, this equation allows
the calculation of the standard cell potential. When the reaction conditions are not
standard state, however, one must utilize the Nernst equation to determine the cell
potential.

Physical phenomena which do not involve explicit redox reactions, but whose
initial conditions have a non-zero free energy, also will generate a potential. An
example of this would be ion concentration gradients across a semi-permeable
membrane. This can also be potentiometric phenomenon, and is the basis of
measurements that use ion-selective electrodes.

7. Read the following information and say a few words about each of the
problems posed by the authors and their importance for analytical chemistry.

TYPES OF ELECTRODES

Let’s consider only some types of electrodes.
Reference Electrodes

Potentiometric electrochemical cells are constructed such that one of the half-
cells provides a known reference potential, and the potential of the other half-cell
indicates the analyte's concentration. By convention, the reference electrode is taken
to be the anode.

The ideal reference electrode must provide a stable potential so that any change
in E cell is attributed to the indicator electrode, and, therefore, to a change in the
analyte's concentration. In addition, the ideal reference electrode should be easy to
make and to use. Three common reference electrodes are discussed in this section.

Standard Hydrogen Electrode

The standard hydrogen electrode (SHE) is rarely used for routine analytical work,
but is important because it is the reference electrode used to establish standard-state
potentials for other half-reactions. The SHE consists of a Pt electrode immersed in a
solution in which the hydrogen ion activity is 1.00 and in which H, gas is bubbled at a
pressure of 1 Atm. A conventional salt bridge connects the SHE to the indicator half-
cell. The shorthand notation for the standard hydrogen electrode is

Pt(s), H, (g, 1 Atm) / H" (aqg, a = 1.00) //

The S.H.E. consists of hydrogen gas bubbling over a platinum electrode
iImmersed in a solution of hydrochloric acid. At standard conditions, the hydrogen
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must be at a pressure of 1 Atm (101.325 kPa) and the acid must be 1 mol per liter, but
we can ignore the difference. The temperature should be 25°C (298 K). The platinum
electrode is usually coated with finely divided platinum called platinum black. This
acts as a catalyst to allow equilibrium between the gas and the solution to be
established quickly. Standard Hydrogen Electrode is shown in Fig. 5.

Ho

Fig. 5. Standard Hydrogen Electrode (SHE)

Calomel Electrodes

Calomel reference electrodes are based on the redox couple between Hg,Cl, and
Hg (calomel is a common name for Hg,Cl,). Hg,Cl,(s) + 28 — 2Hg(l) + 2CI(aq).
The Nernst equation for the calomel electrode is E = 0.244 V.

The saturated calomel electrode (SCE), which is constructed using an aqueous
solution saturated with KCI, has a potential at 25 °C of +0.2444 V. A typical SCE
consists of an inner tube, packed with a paste of Hg, Hg,Cl,, and saturated KCI,
situated within a second tube filled with a saturated solution of KCI. A small hole
connects the two tubes, and an asbestos fiber serves as a salt bridge to the solution in
which the SCE is immersed. The stopper in the outer tube may be removed when
additional saturated KCI is needed. The shorthand notation for this cell is

Hg(l) / Hg,Cl, (sat'd), KCI (aqg, sat'd) //

The SCE has the advantage that the concentration of CI, and, therefore, the
potential of the electrode, remains constant even if the KCI solution partially
evaporates. On the other hand, a significant disadvantage of the SCE is that the
solubility of KCI is sensitive to a change in temperature. At higher temperatures the
concentration of CI" increases, and the electrode's potential decreases. For example
the potential of the SCE at 35 °C is +0.2376 V.

Electrodes containing unsaturated solutions of KCI have potentials that are less
temperature-dependent, but experience a change in potential if the concentration of
KCI increases due to evaporation. Another disadvantage of calomel electrodes is that
they cannot be used at temperatures above 80 °C. Calomel Electrode is shown in
Fig.6.
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Fig. 6. Calomel Electrode (SCE)

Silver/Silver Chloride Electrodes

Another common reference electrode is the silver/silver chloride electrode,
which is based on the redox couple between AgCl and Ag.

As with the saturated calomel electrode, the potential of the Ag/AgCI electrode
Is determined by the concentration of CI™ used in its preparation.

When prepared using a saturated solution of KCI, the Ag/AgCl electrode has a
potential of +0.197 V at 25 °C. Another common Ag/AgCl electrode uses a solution of
3.5 M KCI and has a potential of +0.205 at 25 °C. The Ag/AgCI electrode prepared
with saturated KCI, of course, is more temperature-sensitive than one prepared with
an unsaturated solution of KCI.

A typical Ag/AgCl electrode consists of a silver wire, the end of which is coated
with a thin film of AgCI. The wire is immersed in a solution that contains the desired
concentration of KCI and that is saturated with AgCI. A porous plug serves as the salt
bridge. The shorthand notation for the cell is

Ag(s) / AgCl (sat'd), KCI (xM) //,
where X is the concentration of KCI. Ag/AgCl electrode is shown in fig. 7.

H Ag wire

Saturated AqCl/KCI/| B4~ AqC]

Fig. 7. Silver/silver chloride electrode

In comparison to the SCE the Ag/AgClI electrode has the advantage of being
useful at higher temperatures. On the other hand, the Ag/AgCI electrode is more
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prone to reacting with solutions to form insoluble silver complexes that may plug the
salt bridge between the electrode and the solution.

8. Why is “the reference electrode” called so?
9. Prove that the ideal reference electrode is easy to make and to use.
10. What kinds of electrodes are not mentioned here?

11. Read the information below and find the answers to the following
questions.

e What classes are potentiometric electrodes divided into?

e What is the membrane electrode?

Potentiometric Electrodes

They are divided into two classes: metallic electrodes and membrane electrodes.
The smaller of these classes are the metallic electrodes. Electrodes of the first kind
respond to the concentration of their cation in solution; thus the potential of an Ag
wire is determined by the concentration of Ag” in solution. When another species is
present in solution and in equilibrium with the metal ion, then the electrode's
potential will respond to the concentration of that ion. For example, an Ag wire in
contact with a solution of CI" will respond to the concentration of CI" since the
relative concentrations of Ag* and CI™ are fixed by the solubility product for AgCl.
Such electrodes are called electrodes of the second kind.

The potential of a membrane electrode is determined by a difference in the
composition of the solution on either side of the membrane. Electrodes using a
glass membrane respond to ions that bind to negatively charged sites on the glass
membrane surface. A pH electrode is one example of a glass membrane electrode.
Other kinds of membrane electrodes include those using insoluble crystalline solids
and liquid ion exchangers incorporated in a hydrophobic membrane. The F ion-
selective electrode, which uses a single crystal of LaF; as the ion-selective membrane,
is an example of a solid-state electrode. The Ca®* ion-selective electrode, in which a
chelating ligand such as di-(n-decyl) phosphate is immobilized in a PVC membrane,
Is an example of a liquid-based ion-selective electrode.

Potentiometric electrodes also can be designed to respond to molecules by
incorporating a reaction producing an ion whose concentration can be determined
using a traditional ion-selective electrode. Gas-sensing electrodes, for example, include
a gas-permeable membrane that isolates the ion-selective electrode from the solution
containing the analyte. Diffusion of a dissolved gas across the membrane alters the
composition of the inner solution in a manner that can be followed with an ion-
selective electrode. Enzyme electrodes operate in the same way.

12. Fill in the blanks with the necessary words given in the box.
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The standard hydrogen electrode (SHE) is rarely used for 1) .... ... work, but is
Important because it is the reference electrode used to establish standard-state 2)...for
other half-reactions. The SHE consists of a 3).... .... immersed in a solution in
which the hydrogen ion activity is 1.00 and in which H, gas is bubbled at a pressure
of 1 Atm. A conventional 4).... bridge connects the SHE to the indicator half-cell.

The S.H.E. consists of hydrogen 5).... ...... over a platinum electrode im-
mersed in a solution of hydrochloric acid.

Gas bubbling Ptelectrode potentials routine analytical salt

13. Before reading the passage, read its headline and say what you know
about this problem. Discuss this problem with your partners. Then read the
passage and find the facts supporting your idea.

Potentiometric Methods of Analysis

In potentiometry the potential of an electrochemical cell is measured under static
conditions. Because no current, or only a negligible current, flows while measuring a
solution's potential, its composition remains unchanged. For this reason,
potentiometry is a useful quantitative method. The first quantitative potentiometric
applications appeared soon after the formulation, in 1889, of the Nernst equation
relating an electrochemical cell's potential to the concentration of electroactive
species in the cell.

When first developed, potentiometry was restricted to redox equilibria at
metallic electrodes, limiting its application to a few ions. In 1906, Cremer discovered
that a potential difference exists between the two sides of a thin glass membrane
when opposite sides of the membrane are in contact with solutions containing
different concentrations of H;O". This discovery led to the development of the glass
pH electrode in 1909. Other types of membranes also yield useful potentials. Kolthoff
and Sanders, for example, showed in 1937 that pellets made from AgCl could be used
to determine the concentration of Ag”. Electrodes based on membrane potentials are
called ion-selective electrodes, and their continued development has extended
potentiometry to a diverse array of analytes.

14. Look through the text, divide it into logical parts and entitle them.

15. Open the brackets choosing the suitable word and translate the
sentences into Russian:

When first developed, potentiometry was restricted to (redox/oxidation)
equilibria at metallic electrodes, limiting its application to a few (atoms/ions). In
1906, Cremer discovered that a potential difference exists between the two sides of a
thin (steel/glass) membrane when opposite sides of the membrane are in contact with
solutions containing different concentrations of H;O". This discovery led to the
development of the glass electrode in 1909.
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Potentiometric Measurements

Potentiometric measurements are made using a potentiometer to determine the
difference in potential between a working, or indicator, electrode and a counter
electrode. Since no significant current flows in potentiometry, the role of the counter
electrode is reduced to that of supplying a reference potential; thus, the counter
electrode is usually called the reference electrode. In this section we introduce the
conventions used in describing potentiometric electrochemical cells and the
relationship between the measured potential and concentration.

Potentiometric Electrochemical Cells

Note that the electrochemical cell is divided into two half-cells, each containing
an electrode immersed in a solution containing ions whose concentrations determine
the electrode's potential. This separation of electrodes is necessary to prevent the
redox reaction from occurring spontaneously on the surface of one of the electrodes,
short-circuiting the electrochemical cell and making the measurement of cell
potential impossible. A salt bridge containing an inert electrolyte, such as KCI,
connects the two half-cells. The ends of the salt bridge are fixed with porous frits,
allowing ions to move freely between the half-cells and the salt bridge, while
preventing the contents of the salt bridge from draining into the half-cells. This
movement of ions in the salt bridge completes the electric circuit.

By convention, the electrode on the left is considered to be the anode, where
oxidation occurs and the electrode on the right is the cathode, where reduction occurs
Ag'(ag) + 8 — Ag(s). The electrochemical cell's potential, therefore, is for the
reaction Zn(s) + 2Ag*(aq) — 2Ag(s) + Zn**(aq).

Also, by convention, potentiometric electrochemical cells are defined such that
the indicator electrode is the cathode and the reference electrode is the anode. A more
useful representation is a shorthand, or schematic, notation that uses symbols to
indicate the different phases present in the electrochemical cell, as well as the
composition of each phase. A vertical slash (/) indicates a phase boundary where a
potential develops, and a comma (,) separates species in the same phase, or two
phases where no potential develops. Shorthand cell notations begin with the
Shorthand Notation for Electrochemical Cells anode and continue to the cathode.

The double vertical slash (/) indicates the salt bridge, the contents of which are
normally not indicated. Note that the double vertical slash implies that there is a
potential difference between the salt bridge and each half-cell.

Zn(s) / ZnCl, (aq, 0.0167 M) // AgNO; (ag, 0.100 M) / Ag(s)
16. Write the shorthand notation for the electrochemical cell.
e P I AP
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17. Work in pairs.

e Tell what you know about potentiometric electrodes.
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e What discovery led to the development of the glass pH electrode?
e Prove that potentiometry is a useful quantitative method.
e Tell about schematic representation of electrochemical cells.

18. Decide the following problems:
1. Identify the anode and cathode for the following electrochemical cells, and
write the oxidation or reduction reaction occurring at each electrode.

Pt/ FeCl, (0.015 M), FeCl; (0.045 M) // AgNOs (0.1 M) / Ag
Ag / AgBr(s) / NaBr (1.0 M) // CdCl, (0.05 M) / Cd
(c) Pb, PbSO4 H,SO, (1.5 M) // H,SO4 (2.0 M) PbSO,, PhO,

2. Calculate the potential for the electrochemical cells in problem 1.

3. What reaction prevents Zn from being used as an electrode of the first kind in
an acidic solution? Which other electrodes of the first kind would you expect to
behave in the same manner as Zn when immersed in acidic solutions?

VX3, Grammar aﬁé@’i ,

GRAMMAR REVISION
1. State the types of the Adverbial Clauses of Condition. Translate the
sentences into Russian:

"

1. A system will remain in equilibrium provided the temperature and pressure
are maintained constant. 2. If the liquid phase underwent a slight change in
composition at constant temperature, there would be changes in the partial vapor
pressures p; and p,. 3. If the second phase is solid instead of gaseous, we shall have,
for example, a salt solution in contact with ice. 4. If an electric field could be applied
to a perfect vacuum, there would be no separation of positive and negative electricity,
because there would be no electrons and no positive ions or nuclei in the empty
space. 5. Water vapor could be condensed into a liquid if we took away heat or if we
decreased its volume. 6. If a vapor were superheated, it would behave approximately
as a gas. 7. Unless the cathode C were cooled, it would overheat and emit gases.

90



2. Open the brackets translating the Russian words into English:

1. If you (mertanuce Obr) to bend a glass rod when it is not heated, it (ciomascs
ob1). 2. If this glass (obuto OmnI) transparent, it (Morio Obl HCIOJIB30BATHCS) IN
windows. 3. If you try (coruyts) this glass rod, it (cmomaercs) as it is brittle. 4. If
they (u3yuanm) solids last year, it (6sm10 Ob1) NOt SO difficult to understand these new
phenomena. 5. This substance (moxxuo Ob110) USed as an insulator. 6. This question
(6n11 OBI pemren) provided you (momormu) them. 7. If the electron transfer (umeno 661
MecTo, rpousoniel 0w1), the atom which has lost the electron (crax 651) a cation. 8. If
a liquid (oxmaxxmaercs), its molecules (repsror suepruro). 9. If the cooling process
(mpoBoamiicst O661) Slowly enough, the particles which constitute the solid (mormm 651
pacriosiaratbcs) into definite positions with respect to each other.

3. Translate the following sentences into Russian. Concentrate on
Conditional Sentences.

1) If hydrogen gas had been admitted to the discharge tube the single particles
would be protons and the pairs would consist of molecular hydrogen ions. 2) If phase
differences were measured in time, these curves would represent different values of
time for each frequency. 3) If the velocity of light were to vary with the relative
velocity of the star, certain irregularities in the motion of the stars would be observed.
4) If the reaction would proceed smoothly, the end product might increase. 5) If this
were correct, the experiment would demonstrate the evaporation of the coolant. 6) If
the power of the heaters increased, then the evaporation of the coolant would be
higher. 7) If one impurity were present in greater amount, the electrons of holes it
provided would become the principal carriers of electricity.

4. Open the brackets and put the verbs in the necessary forms.

1. If both impurities (to be) present in equal amounts, the excess electrons would
just fill the excess holes. 2. If the electrode (to connect) to an electrometer, we should
have measured the current in the gas. 3. If he (to use) this formula, he would not have
made this mistake. 4. If the rod (to be removed), the charges would, of course,
neutralize each other again. 5. If the rate of growth of cubic crystal (to be) isotopic,
they would all be spheres! 6. If the two kinds of atoms (to have) the same scattering
power for X-rays, the amplitude of their scattering waves would be the same and they
would cancel each other.

5. Remember! There is only one negation in an English sentence.
Ways of negation:

Verb + not

No + noun
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Never

None of

Nor

Neither ... nor
Unless

Until

Fail + infinitive

6. Translate the following sentences into Russian.

1. None of the methods, either filtering or boiling, is good for producing water
for chemical work, since most of the soluble salts are unaffected by the treatment. 2.
No other element is more important to life than oxygen. 3. No other alkali metals
(except Na) show any sign of radioactivity. 4. Ice can never exist at a temperature
above 0 °C. 5. Many substances are better solvents for specific organic compounds
but none of them approaches water as a universal solvent for many different classes
of substances. 6. New elastomers do not have properties equivalent to those of
natural rubber. 7. None of these nitrides except for lithium compound has been
obtained in pure states in their experiment. 8. Neither of the oppositively detected
reactions in a chemical equilibrium can ever become complete. 9. We do not consider
rain water to be really a pure substance, nor is ground water free from impurities. 10.
The substance failed to oxidize even when exposed to the air. 11. Each of these
portions of fractions is redistilled and collected in separate flasks until the mixture is
separated into portions, which may be regarded as pure.

. Remember the most generally used composite verbs
. to bring about — BeI3BIBaTE, OCYIIIECTBIATH

. {0 use up — pacxonoBartb

. to make up for — BocroTHATE

. to make up — cocTaBasTh

. to give off — BbLIEATH, UCTTYCKATh

. to give up — ocTaBnAThH, OPOCHUTH

. to carry out — BBIOJIHATH

. to build up — o6pa3zoBbIBaTH

cO~NO Ol WNEFE N

8. Translate the following sentences into Russian.

1). Iron makes up about four percent of solid rocks of the earth’s crust. 2). The
molecule of hydrogen is made up by the union of two hydrogen atoms. 3). Higher
temperatures bring about more frequent collisions between molecules. 4). The
process of making ordinary glass is carried out by using such raw materials as sand,
limestone and sodium carbonate. 5). Reactions such as synthesis, decomposition,
hydrolysis, oxidation, reduction, polymerization can be brought about by exposure to
suitable light. 6). If we pass an electric current through water using platinum or gold
electrodes we find two gases to be given off at the electrodes and the water to be used
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up. 7). Supersaturated solutions are unstable, they readily give up their excess solute
if shaken. 8). Each of the sodium atoms gives off an electron and forms an ion which
goes into solution.

SELF-CHECK

Open the brackets and put the verbs in the necessary forms of the
Subjunctive Mood.

1. If they (use) another method, the results would have been different. 2. If the
load (increase) the speed would decrease. 3. If one (know) the dimensions of the core
liner he (calculate) easily its volume. 4. If all the people of the world (count) the
atoms in a drop of water they would not be able to finish their work even in ten
thousand years. 5. If he (know) the specific heat and the weight of the substance, he
would have calculated its thermal capacity. 6. If the complete list of details had been
prepared the engineer (finish) everything in time.

UNIT 11

Coulometry

Grammar: Inversion;
Recognition of Subjects,
Predicates, Objects and Attributes
in English Sentences

|

. Warm up
What is the origin of the word “coulometry’?
What kinds of coulometric techniques are known?

2. If you want to find out about coulometry in details, read the information
below.

Coulometry

Coulometry is the name given to a group of electroanalytical chemistry
techniques that determine the amount of matter transformed during an electrolysis
reaction by measuring the amount of electricity (in coulombs) consumed or
produced. The technique is applicable to redox reactions, which are reactions in
which electrons are transferred from one molecule to another. The reaction is
controlled by applying an electrical potential and the amount of electricity (i.e, the
number of electrons) needed to complete the reaction is the main measurement.
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There are two basic categories of coulometric techniques. One category,
potentiostatic coulometry, involves holding the electric potential constant during the
reaction using a potentiostat. (A potentiostat is a device that keeps the potential at the
working electrode constant relative to the reference electrode. The circuit for the
potentiostats works to keep the voltage constant by noticing changes in the resistance
of the system and compensating inversely with a change in the current. As a result, a
change to a higher resistance would cause the current to decrease to keep the voltage
constant in the system. The cathode of a potentiostatic coulometry experiment is
usually a platinum electrode with a large surface area or a mercury pool, although
other particularly reactive electrodes can be used in rare circumstances).

The other, called coulometric titration or amperostatic coulometry, keeps the
current (measured in amperes) constant using an amperostat. (An amperostat is used
to maintain a constant current in coulometric titrations.
It reacts to changes in the resistance of the cell by altering its output potential).

Both techniques take place within an electrochemical cell and are explained in
more detail below.

Coulometric techniques are as accurate as other analytical techniques used to
carry out similar analyses, but are usually quicker and more convenient; Since
coulometric methods do not measure directly the amount of matter transformed in the
redox reaction, it is important that the reaction maintains a stoichiometrical
relationship. Thus, each electron introduced or removed from the electrochemical cell
must correspond to a known number of molecules in the reaction. When this is the
case, standardization or calibration curves are not required for accurate analysis
because the amount of current can be determined using the equation:

Q=14

where Q is the amount of electricity in coulombs, | is the current in amperes and t is
the time in seconds. Q is then related to the reaction by the stoichiometric ratio. As
the reaction progresses, the concentration of the molecule being converted will
decrease. The electrical potential must be increased to maintain the direction of the
reaction as the concentrations in the sample change. Eventually the electrical
potential will be large enough that the solvent (usually water) begins to decompose.
As a result, the system will have an excess of ions and will give an error in the
calculation of the concentration of the reaction components, indicating that there are
more molecules in the system than are actually present. To compensate for this error,
an ion such as cerium (Ce*") that is oxidized at a lower potential than water, is added
to maintain the efficiency of the system.

e WAL I
‘6 MY
}o,&grayvl Yactlcej.%éz o

3. Explain the formula Q = It.
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4. Give the definitions of the following words:
redox reaction, coulomb, amperostatic coulometry, stoichiometrical relationship.

5. Work in pairs.

Situation.

Both your friend and you work in the chemical laboratory. You practise with
coulometric methods of analysis and your friend — with potentiometric methods of
analysis. Prove that your method is more accurate, quicker and more convenient than
the other methods. To support your idea find the arguments in the text.

6. Read the passage carefully and supply the answers for the following
guestions:

e How many elements does the potentiostatic coulometry technique determine?

e Why are potentiostatic coulometry techniques frequently used for the
determination of uranium and plutonium?

e Why is potentiometric coulomrtry useful for determining ozxygen?

e Can coulometric titrations be used for the neutralization of acids? Why?

e What electrodes are good counter electrodes for the reaction of
neutralization of acids?

e What is the advantage of coulometric technique over the volumetric
technique?

Application

Potentiostatic coulometry techniques have been used to determine over 50
elements. They are used very frequently for the determination of uranium and
plutonium since potentiostatic coulometry techniques do not interfere much with the
sample. Another useful application is the determination of the amount of oxygen in a
sample by using a cadmium electrode and a porous silver electrode. This system for
determining oxygen is convenient because it does not require an external power
supply or a potentiostat to control the reaction since it does not reach a potential that
is high enough to oxidize other substances. In addition, potentiostatic techniques can
be used to separate materials, to measure the diffusion current, and to determine and
sometimes synthesize organic compounds.

Coulometric titrations can be used for the neutralization of acids, which contain
H" ions, by producing hydroxide ions (OH") at an electrode to form water. Mercury,
silver chloride, or silver bromide electrodes are good counter electrodes for this
reaction. The coulometric technique has one real advantage over the volumetric
technique, which is that the interference of carbonate ions is easily removed by
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bubbling a carbon-dioxide deficient gas through the sample. This removes carbon
dioxide in the sample, which would otherwise form carbonate ions and interfere with
the analysis. Other applications include:

lons, such as halides and mercaptans can be determined by complex formation
or precipitation in the presence of aniodically generated silver ions.

The oxidation of cerium, from Ce ** to Ce **, in 1 N sulfuric acid can be used to
characterize several systems including titanium, iron, and uranium. The electrodes
used for such a system would be a polarized platinum electrode and a non-polarized
reference electrode, such as a lead amalgam — lead sulfate electrode.

The reduction of Fe ** to Fe * in acidic solutions can be used to determine the
amount of permanganate (Mn0,), chromate (Cr0,>), or dichromate (Cr,0O,*) ions in
a sample. Coulometric titrations or potentiostatic coulometric technigues can be used
for these systems. In the coulometric titration technique, the ratio of iron ions will
change when the sample is added and the endpoint occurs when the ratio returns to its
initial amount.

7. Look through the text about coulometric methods of analysis and find the
sentences supporting the idea of the title and answer the following questions.
o [. What is used to determine an analyte’s concentration in potentiomery?
2. What are the dynamic electrochemical methods?
3. What are coulometric methods of analysis based on?
4. How many forms of coulometry are given there?
5. What is called coulometry?
6. What is called amperometry?
7. What is called voltammetry?

8. Before reading the text pay attention to the definitions of the following:

Faraday's law - The current or charge passed in a redox reaction is proportional
to the moles of the reaction's reactants and products.

Current efficiency - The percentage of current that actually leads to the
analyte's oxidation or reduction.

Coulometric Methods of Analysis

In potentiometry, the potential of an electrochemical cell under static
conditions is used to determine an analyte's concentration. As seen in the preceding
section, potentiometry is an important and frequently used quantitative method of
analysis. Dynamic electrochemical methods, such as coulometry, voltammetry, and
amperometry, in which current passes through the electrochemical cell, also are
important analytical techniques. In this section we consider coulometric methods of
analysis.

Coulometric methods of analysis are based on an exhaustive electrolysis.
There are two forms of coulometry: controlled-potential coulometry, in which a
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constant potential is applied to the electrochemical cell, and controlled-current
coulometry, in which a constant current is passed through the electrochemical cell.

The total charge, Q, in coulombs, passed during an electrolysis is related to the
absolute amount of analyte by Faraday's law Q = nFN, where n is the number of
electrons transferred per mole of analyte, F is Faraday's constant, and N is the moles

of analyte.
“.,‘ .Q A 9 . qmmmarﬁéz’,% |
GRAMMAR REVISION

1. Read some highly doubtful suppositions not proved by science or
experiment. Translate them into Russian.

Model: Should theoretical research prove this, it would be the case. — Eciu 61
meopemuiecKue Uccied08anusi LOOmMeepoulu dmo, mo max ovl u ObLLIO.

1. Should there be enough matter in the Universe, it would close on itself and be
finite. 2. Should there be any invisible matter in the Universe, the latter would make
up the difference needed for the Universe to close. 3. Should neutrinos have a small
mass, they could provide energy density to close the Universe. 4. Should there be any
other presently unknown subatomic particles, the same must be true. 5. Should the
Universe be finite, its expansion would be eventually stopped and be replaced by a
contraction. 6. Should the protons be unstable, their lifetime would be at least 10*
years on the average.

2. Translate the following sentences into Russian.

1. Had water been added to a mixture, more alcohol and acid would have been
formed. 2. Had water been purified carefully, they wouldn’t repeat the experiment.
Had he finished the laboratory tests, he would have delivered the report. 3. Should
this happen, the motor would continue to run as a single-phase machine. 4. Were the
force applied greater, the body would move more rapidly. 5. Had they obtained the
information required, they would have certainly made the decision. 6. Should he
check the operation, he would find the mistake. 7. Had they investigated the
properties of the substance, they would have been careful. 8. Were two bodies placed
in contact with each other, the temperature of the hot body would fall while that of
the cold one would rise. 9. Should we test the hypothesis in practice, we would get
the results desired. 10. Had the gas been cooled instead of heated, the heat supplied
would have become the heat given out by the gas.
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3. Say if a certain condition is fulfilled, there will be the results achieved.
Follow the model.
Model: Teacher: We cannot reach an agreement on the problem and no results
are obtained.
Student: Should you reach the agreement, the results would be obtained.
1) They do not make any attempts to reconcile the two conflicting views and the
situation does not change.
2) They do not put forward any working hypothesis and we cannot develop any
sound approach.
3) They do not suggest any alternative interpretation of the phenomenon and we
cannot obtain new information.
4) They do not present any convincing arguments in favour of their approach,
and we cannot understand their view on the problem.
5) They do not take any measures to improve the situation and we don’t know
what to do.
6) We do not plan any new experiments and no studies are being undertaken.

4. Say, that if the conditions of Exercise 3 had been fulfilled, the results
would have been obtained by now. Follow the model.

Model: Teacher: We cannot reach an agreement on the problem, the results
would have been obtained by now.

Student: Had you reached an agreement on the problem, the results would have
been obtained by now.

SELF-CHECK

1. Translate the following sentences into English. Begin each sentence with
“should”.

Model: Eciu 6b1 6b1 nomoenu mue, si 6vin 661 6am npuswamenen. — Should you
help me, I would be thankful to you.

1) Ecau 661 5Ta mpobiemMa oOCyXkaagach Ha KOH(DEPECHIIMHU, S BBICTYIHII ObI C
JOKJIaJIOM.

2) Ecmu OBl BBI MOBEpWIIM HAINIEMY OINBITY, BBl Obl H30€XaM Obl MHOTHX
3aTpyAHEHUM.

3) Ecnu ObI BBI IpOBENM HAOIIOICHUE 32 TEMIIEPATyPaMH, PE3YJIbTAThI ObLITH Obl
COBCEM UHBIMH.

4) Ecnu OBl MOSIBUIIUCH PACXOXKICHHSI MKy HAIIUMH JTaHHBIMHU, MBI MOTJIA OBl
00CyIUTh HX.

5) Ecniu  Obl  Obuta pa3paboTaHa HOBas METOAWKA, BBl MOIJH OBl
BOCIIOJIb30BAaThCS €€ MPEUMYIIECTBaMHU.

6) Ecnu ObI BBI MOTEpIIENN HEYIa4y, MbI MOTJIH OBl TIOMOYb BaM.
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2. Define which words in bold type are subjects.

1) His heating copper wire from 0° to 100° increased its resistance about 40%.
2) Falling is a case of motion at constant acceleration. 3) For practical reasons the
influence of space charge will be neglected. 4) Many methods for detection of
uranium have been proposed for use under various conditions. 5) It takes the rays of
the sun 8 minutes to get the earth. 6) It has become possible to modify the Periodic
Table so as to bring out the structural features more clearly.

3. Define sentences in which the subject has the left attribute.

1) The automobile repair plant construction project is known to have been
adopted. 2) Having been cooled for two hours, the mixture was examined. 3) In the
radioactive bodies alpha, beta and gamma rays are emitted spontaneously. 4) You
must aim at obtaining accurate results. 5) The efficiency of the process resulted in
increasing the yield. 6) Laplace transportation properties enable us to solve many
problems in engineering and physics. 7) The data processing equipment has been
installed in our laboratory.

4. Define sentences in which the subject has the right attribute.

1) Radium whose properties are known to be of the greatest importance to the
present day chemistry was isolated in 1910. 2) One may safely expect this prediction
to be quite reliable. 3) The problem of making quantitative chemical analysis is to
determine the amount of one or more constituents in a given substance. 4) The gas to
be condensed formed discrete solid particles.

5. Define the beginning and the end of the subject-groups in the following
sentences.

1) River and lake deposits contain remains of organisms which inhabited the
waters. 2) Different substances used as leaching solutions are dealt with this article.
3) Our engineer having been awarded the prize was met with approval. 4) Using the
terms just defined, the above examples of functional relations can be restated as
follows. 5) The advances of modern sciences in the production of a wide range of
experimental temperatures are not inconsiderable.

6. Define a subject and a predicate in the following sentences.

1) It is necessary to reduce the load on the battery to a minimum. 2) One has to
liberate energy very rapidly to make a shock wave. 3) Supplying heat to the liquid so
as to raise its temperature will assist the process of evaporation. 4) He ought to have
been more careful when dealing with those chemicals. 5) Water was considered to be
an element. 6) To explain this simple fact is not so easy.

7. Point out sentences in which the predicate has indirect object
(prepositional or non-prepositional).

1) Now we can communicate with the remotest parts of the world. 2) Current
starts flowing at the very moment when we close the circuit. 3) When we wish to add
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together two alternating electromotive forces we have different problem. 4) We do
not know how the control is accomplished but we have theories. 5) Let us now obtain
a more general formula that simplifies heat-conduction problems.

8. From every line write out three words which can be “signals” of a
predicate.

1) Could, never, should, often, as, makes

2) with, had, has, again, because, can

3) will, for, shall, done, being, does

4) is, must, need, always, surely, but

9. Arrange the following words in order to get a predicate.
1 2 3

a) have, investigated, been
1 2 3

b) being, is, read

1 2 3 4
c) will, been, have, discussed
1 2 3 4

d) increased, should, been, have
1 2 3

e) improved, be, could

10. Define in which column all the groups of the words can be predicates.

A B C
Does not treat Was advanced Does not heat
Is being heated Is being advanced Is being heated
Can be heated Can be said Can be heated
Heats Being discussed It is heat
Has been heated Heated salts Has been heated

11. Point out sentences in which the predicate is expressed by one word.

1) A good many of the early electron diffraction results must be revised. 2) A
number of scientists have recently adopted this method. 3) Mendeleyev arranged the
elements in the order of their atomic weights. 4) Helium belongs to the same category
as argon. 5) The arrangement of the elements corresponds with their so-called
valencies.

12. Point out sentences in which the predicate consists of two components.

1) Have you to be in the laboratory every day? 2) | did say so and | do say so
now. 3) Gold is often alloyed with copper. 4) This problem is dealt with in the most
profound way. 5) In this case the substance does not lose its chemical properties.
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13. Point out sentences in which the predicate is used in the Passive Voice.

1) The form of energy most required by us is mechanical energy. 2) Heat cannot
be weighed. 3) Extracts from different books copied by hand were to be sent by post.
4) A rod of iron has been rubbed with flannel. 5) You should have been more careful.

14. An adverb can be involved in the group of a predicate. Write out such
adverbs.

1) This conclusion does not always prove right. 2) The lower layer will
gradually disappear. 3) The early division of chemistry into inorganic and organic
chemistry is still maintained for convenience. 4) Under pressure vinyl acetylene is
readily polymerized. 5) They had already discussed this problem.

15. Find and write out predicates of the following sentences.

1) These springs may also be employed for leading the current in and out of the
moving coil. 2) The wire used should have as large a cross-section as possible. 3)
Your work is to observe the rise of temperature. 4) Burning changes the fuel into
heat, light, gases and ashes. 5) Many experiments made after helped us to come to a
conclusion that heat is a form of energy.
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APPENDIX 1
Reading chemical elements and formulas.

O[ou ], Al[%i ‘el ], Hg [eiC ‘Gi: ], HCI [‘eiC’sJ’el ], CO, [ si:’ou’tu: ],
2 KCI [“tu:’molikjulz’av’kei’si: el |

Thesign -  designates one bond and is not to be read in formulas.
Thesign =  designates two bonds and is not to be read in formulas.
The sign <= is to be read ‘give’, ‘pass over to’, ‘lead to’

The sign — is to be read ‘forms’ and is formed from

The sign = 1is to be read ‘give’, ‘form’

H
|
H-C-H
|
H [ €si'eC'fL ]

CO,+Ca0 ——= CaCO; — [si:’ou’tu:’plAs’si:’ei’ou give ‘si:’ei’si:’ou’T ri:]
- in oral practice it is said as follows:
carbon dioxide plus calcium oxide form calcium carbonate.

N, + 3H, <= 2NH3; —[‘en ‘tu:’plA s’Tri: mOlikju:lz ov’eiC ‘tu: fO:rm ond a:
“fO:md frgm tu: mOlikjulz ov ‘en’eiC “Tri:]

- in oral practice it is said as follows:

nitrogen plus three molecules of hydrogen give two molecules of ammonia.

CoHy+Cly = CoH,Cl, — [ “siz’tu:’eiC “fL’pl As’si:’el tu: giv si:’tu:’eiC

fq:’si:’el’tu:]

- in oral practice it is said as follows:

ethylene plus chlorine give ethylene chloride.
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APPENDIX 2

Reading mathematical symbols.

+

+

2 8 INIV AV L H

w

=

Aaadh

O — N

~

N
-

I

/o o

{NMH@,FQ SEE o
o

>

plus

minus

plus or minus
multiplication sign
1) ratio 2)is to
equals; is equal to
is not equal to
approximately equal
greater than

less than

equal or greater than
equal or less than
infinity OeCKOHEYHOCTh
square root (out) of
cube root (out) of
n-th root (out) of
square brackets
parentheses, round brackets
braces

parallel to

degree

minute

foot, feet

second

inch

angle

right angle
perpendicular
“a”-star

a prime [ei praim]

a double prime

“b” sub one (“b” first)

a first prime

summation [ so'mei/n]
differential ['difs ‘renJol ov eks]
derivative of y with respect to x
integral of
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In integral between limits n and m

(x) absolute value of x

% percent [pa: sent]

/ solidus

a/b a solidus b ; a divided by b

Dl double colon

a:b=c:d (a:b::c:d) aistobascistod

% a over b; a divided by b

n

a
ab

a to the n" power

a times b over ¢ times d

c
™MaTlh a is parallel to b
NaTlb a is antiparallel to b
—a—b a tends to b

a approaches b

104



APPENDIX 3

The Algorithm of an Annotation

1. The title of the paper m the foreign language, translation of this title.
Author’s surname and wmitials m the foreign language.

|

2. Publisher’s data, the name of the journal m the foreign language, number and
year of publishing, publication place, volume and the number of pages, number of
drawings, tables.

h 4
3. List of maimn problems dealt with m the paper.

4. Description and estunation of the paper being reviewed

Remember
It is found that the main information is:

— In references, charts, tables;
— In last and in last but one passages of each section;

— In the first three passages;
— In subscriptions to drawings and tables.
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APPENDIX 4

Algorithm of an abstract

1. A cursory examination of the paper and familiarization
with its general sense.
2. More attentive reading the text and determination of the meanings
of unknown words on the context and consulting the dictionary.

.

3. Semantic analysis of the text and distribution of the material into
3 groups according to its importance.

The most important Secondary information Unimportant
information requiring sent in the more information,
the more exact and shortening type which is necessary
full reflection to omit
in the abstract

4. Organization of a chosen material, language processing
and interpretation.

Contents and Structure of an Abstract
I. The abstract title.
I1. Bibliographic description of the article to be reviewed.
[11. The abstract text.

The following data are given in the text of an abstract:

e The problem, the objective, the main idea and contents of the article.

e Data about methods and their comparative accuracy.

e Findings of the author and instructions of the possibilities and ways of the
practical application of the work.

e Reference to presence of the bibliographies and illustrations.

e Technology and applied equipment.

e Tables, schemes, graphs, formulas required for understanding the main
contents of the document.

e The necessary reference given about (authors, histories, the problem, place
of undertaking the study.

Differences between an Abstract and an Annotation
An annotation is intended for information of the initial document only, but an
abstract serves for interpretation of the main contents of the primary document.
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Learn the words and expressions used in an abstract.

A.
JlaHHast cTaThs — the present paper
Tema — the theme (subject-matter)

OcHoBHas npodiema —
Llenp —

[Ipo6iiembl, CBSI3aHHBIE C —
OCHOBHOW MPUHITUIT —
AHaJIOTUYHO —

[ToaTomMy, creioBaTEIbHO,
B p€3yJIbTaTE 3TOTO —
HaoGoport —

Kpome toro —

CHauana —

Hanee, 3aTem —

Tem HE MeHee —

Haxkownen, ntak —

Bxparne —

the main problem
the purpose
problems relating to
the basic principle
similarly

hence, therefore

on the contrary

besides, also, again, in addition, furthermore
at first

next, further, then

nevertheless, still, yet

finally

in short, in brief

B.

show, to develop, to give) ...

The Purpose of Writing the Article
1. The object (purpose) of this paper is to present (to discuss, to describe, to

2. The paper (article) puts forward the idea (attempts to determine) ...
Problems to be Discussed in the Article

1. The paper (article) discusses some problems relating to (deals with some
aspects of, considers the problem of, presents the basic theory, provides information

on, reviews the basic principles of) ...
2. The paper (article) is concerned with (is devoted to) ...

problem of) ...

The Beginning of the Article
1. The paper (article) begins with a short discussion on (deals firstly with the

2. The first paragraph deals with ...
Transition to the Interpretation of theFollowing Article Part.

A W

A WN -

. Then follows a discussion on ...
. Then the author goes on to the problem of ...
. The next paragraph deals with (presents, discusses, describes) ...
. After discussing the author turns to ...
The End of the Interpretation
. The final paragraph states (describes, ends with) ...
. The conclusion is that the problem is ...
. The author concludes that ...
. To sum up, to summarize, to conclude the emphasizes (point out) that ...
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Estimation of the Article
In my opinion (to my mind, I think) ...
The paper (article) is interesting (not interesting), of importance (of little
importance), valuable (invaluable), up-to-date (out-of-date), useful (useless) ...

ARTICLES TO BE SUMMARIZED

1. Chromatography
Introduction
In 1906, the Russian scientist Tswet reported separating different colored
constituents of leaves by passing an extract of the leaves though a column of calcium
carbonate, alumina and sucrose. He coined the term chromatography, from the
Greek words meaning “color” and “to write”. Tswet’s original experiments went
virtually unnoticed in the literature for decades, but eventually other methods were
developed and today there are several different types of chromatography.
Chromatography is taken now to refer generally to the separation of components in a
sample by distribution of the components between two phases — one that is stationary
and one that moves, usually but not necessarily in a column. Probably no other
technique has been more valuable in the separation and analysis of highly complex
mixtures. The object of this paper is to discuss the principles of chromatography. The
paper describes some of the different types of chromatography.
Types of chromatography discussed include
« size exclusion chromatography, in which molecules are separated based on their
size by passage through a porous structure stationary phase;

« ion exchange and ion chromatography, in which ions are separated based on their
charge;

« (gas chromatography, in which gaseous substances are separated based on their
adsorption on or solubility in the stationary phase.

The combination of gas chromatography and mass spectrometry is a very
powerful identification tool. High performance liquid chromatography is described.
This is modern development based on the above principles but using micrometer-
sized particles for the stationary phase so that equilibrium is achieved rapidly and
separations are performed rapidly.

Although there are several different forms of chromatography, this simplified
model typifies the mechanism of each. That is, there is nominally equilibrium
between two phases, one mobile and one stationary. (True equilibrium is never really
achieved.) As pure solvent is added in the mobile phase, the substances will distribute
between the two phases and eventually be eluted, and if the distribution is sufficiently
different for the different substances, they will be separated.

Christian, Gary d. @Analytical Chemistry, 1994 545-dc 20, pages 384-385.
J. T. Stock, “Amperometric Titration”, 1995, pages 451-453.
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2. Classification of Chromatographic Techniques

The first paragraph deals with types of chromatographic techniques.
Chromatographic processes can be classified according to the type of equilibration
process involved, which is governed by the type of stationary phase. Various bases of
equilibration are: adsorption, partition, ion exchange and pore penetration.

Adsorption Chromatography

The stationary phase is a solid on which the sample components are adsorbed.
The mobile phase may be a liquid (liquid — solid chromatography) or a gas (gas-solid
chromatography); the components distribute between the two phases through a
combination of sorption and desorption processes. Thin-layer chromatography (TLC)
Is a special example of sorption chromatography in which the stationary phase is a
plane, in the form of a solid supported on an inert plate.

Partition Chromatography

The stationary phase of partition chromatography is a liquid supported on an
inert solid. Again, the mobile phase may be a liquid (liquid — liquid partition
chromatography) of a gas (gas — liquid chromatography, GLC). Paper
chromatography is a type of partition chromatography in which the stationary phase
is a layer of water adsorbed on a sheet of paper.

In the normal mode of operations of liquid-liquid partition, a polar stationary
phase (e.g. methanol on silica) is used with a nonpolar mobile phase (e.g. hexane).
This favors retention of polar compounds and elution of nonpolar compounds and is
called normal-phase chromatography. If a nonpolar stationary phase is used with a
polar mobile phase, then nonpolar solutes are retained more and polar solutes are
readily eluted. This is called reversed-phase chromatography.

lon Exchange and Size Exclusion Chromatography

lon exchange chromatography uses an ion exchange resin as the stationary
phase. The mechanism of separation is based on ion exchange equilibria. In size
exclusion chromatography, solvated molecules are separated according to their size
by their ability to penetrate a sieve-like structure (the stationary phase).

These are arbitrary classifications of chromatographic techniques, and some
types of chromatography are considered together as a separate technique, such as
“gas chromatography” for gas — solid and gas — liquid chromatography. In every case
successive equilibria are at work that determine to what extent the analyte stays
behind or moves along with the eluent (mobile phase). The individual types of
chromatographic techniques mentioned under the above classifications will be
described in more detail below.

Dean John A. “Analytical Chemistry” textbook, 1999.
3. Techniques of Column Chromatography

The next paragraph deals with typical chromatographic column. A column is
prepared by carefully packing the solid material (small particles) in a column, usually
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by adding it to the column filled with a solvent or by pouring a slurry of it into the
column and allowing this to settle. The column can be mechanically vibrated or the
solid material tamped with a long plunger during packing. Care must be taken to keep
out air bubbles or channeling will result in the column, rendering it less effective.

A column consists from sintered-glass frit or glass wool, which is placed in the
bottom of the column to support the solid. A burette can be used as the column. The
dimensions will depend on the separation efficiency required, the size of the sample,
and the type of chromatography. A typical column may range from a few millimeters
in diameter and a few centimeters in length.

The sample is placed in a small volume on top of the column. A solvent should
be used in which the sample is readily soluble, so that the volume can be kept small.

The solvent is allowed to flow slowly from the column until all of the sample
just reaches the top of the solid. Then, solvent is added at the top of the column at the
same rate that it flows out, or else a given volume is added at once. The solvent must
be eluted slowly, so that there is adequate time to establish continuous equilibrium.

The elution must not be so slow, however, that diffusion processes will set in;
the sample components (solutes) will diffuse along the column even in the absence of
solvent flow and cause the peak to spread. Again, the flow rate will depend on factors
such as the type of chromatography and the column size. With a typical column about
1,5 cm diameter X 5 c¢cm length, a flow rate of about 1 cm/min for different sized
columns can be used.

The solvent (eluent) is collected as it emerges from the column. Usually, equal-
volume aliquots of eluent are collected in individual test tubes. If the flow rate is
constant, then samples may be collected at equal time intervals. There are automatic
fraction collectors that will perform either type of collection. After a certain volume
of sample has been collected in the intermediate sample collector, it is emptied into a
test tube. The rack holding the test tubes rotates to the next tube. After various
fractions have been collected, they are analyzed for the sample components, and the
amount or concentration in each tube is plotted as a function of the tube number or
volume of solvent collected.

Once the elution order has been established under a given set of conditions, all
the tubes containing a certain substance may be combined and analyzed singularly for
that substance. Or, if the contents of each tube are analyzed separately, the area under
the peak is proportional to the amount of the solute. If two peaks overlap, as the last
two of the figure do, it may be possible to extrapolate their bases to obtain the
separate areas.

Often, all substances are not eluted from the column with a single solvent. After
elution of part of the solutes a different solvent or solvent mixture is added that shows
a greater eluting power for the remaining solutes. In solvent gradient analysis, mixed
solvents are used, but their volume ratios are varied continuously throughout the
elution, usually in a linear fashion. Or a concentrated salt or other reagent in the
eluting solvent may be continuously diluted, as in salt gradient analysis. The salt may
act as a salting-out agent (precipitating) for the solutes, and the salting-out ability
decreases continuously. So, a combination of salting-out and chromatographic effects

110



Is achieved. Temperature gradient analysis is common in gas chromatography; the
gas phase equilibria are greatly affected by the temperature.

Rogers, K. R.; Williams, L. R. Trends Anal. Chem. 1995,14, 289-294.

4. Paper Chromatography

Paper chromatography is a very simple form that is used widely for qualitative
identification, although quantitative analysis can be done. A sample is spotted onto a
strip of filter paper with a micropipette, and the chromatogram is “developed” by
placing the bottom of the paper in a suitable solvent. The solvent is drawn up the
paper by capillary action, and the sample components move up the paper at different
rates, depending on their solubility and their degree of retention. Following
development, the individual solute spots are noted or are made visible by treatment
with a reagent that forms a colored derivative. The spots will generally move at a
certain fraction of the rate at which the solvent moves, and they are characterized by
the R; value:

R =distance solute moves/distance solvent front moves,

where the distances are measured from the center of where the sample was
spotted at the bottom of the paper. The solvent front will be a line across the paper.
The distance the solute moves is measured at the center of the solute spot or at its
maximum density.

The cellulose filter paper used is very hydrophilic and will normally have a thin
coat of water adsorbed from the air. So the mechanism of separation is a form of
liquid-liquid partition chromatography in which the sample distributes between the
stationary water phase and the developing solvent. The developing solvent is usually
a mixture of organic solvents with water that may be buffered at a certain pH. The
water, as it moves up the paper, is adsorbed and causes the paper to swell. Other polar
solvents will also be adsorbed by the paper. Sometimes a water-immiscible solvent is
used to develop the chromatogram.

The conclusion is that the problem is detection of the spots.

If the solutes fluoresce (aromatic compounds), they can be detected by shining
an ultraviolet light on the paper. Color-developing reagents are often used. Exposure
to iodine vapor often produces a color with colorless solutes. After the spots are
identified, they may be cut out and the solutes washed off (eluted) and determined
quantitatively by a micromethod.

To sum up that paper chromatography is useful for the separation of very small
amounts of substances and has proved extremely valuable in biochemistry, where
small and complex samples are often found. Simple mixtures of amino acids can be
separated by developing with water-saturated phenol. Almost any mixture of organic
components can be separated. Inorganic substances are also easily resolved. Modified
forms of paper are available impregnated with ion exchange resins, silica gel,
alumina, and other substances, but the principle of the operation is the same.

Rechnitz, G. A. Controlled-Potential ~ Analysis. Macmillan:  New  York,
1963, p. 49.
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APPENDIX 5

1. In order to start the presentation, study the following:

The Overall Diagram of the Presentation

The Problem (the description of a key problem - 5 -10 %)

Investigation and Results (Ways of a problem decision- 80 - 85 %)

Conclusions (how the problem can be solved - 5 - 10 %)

ok E

©CoNDe e e UTRWNE

Dimensionality of a Slide
1 slide = one idea
One idea = the statement = one line
5- 6 lines = one slide
5 -6 words =1 line
One slide = one minute

Slide Design
Speaking heading for each slide.
Parallelism of grammatical constructions and parts of speech.
Picture contrast.
Choose the color plan and adhere to it
Number of a font - orientation to an audience at the last desks.
Heading - 48 font
The Text - 24 - 28 font
Working fonts - Tahoma, Arial, Times New Roman
Number slides.
Do not take a great interest in special effects.
Do not overload a slide with the text.
The graphical information is more preferable.
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2. Language Practice

INTRODUCTION

How you begin your presentation depends on how formal the situation is.
Most audiences prefer a relatively informal approach.

FAIRLY FORMAL

MORE FRIENDLY

Perhaps we should begin.

OK, let’s get started.

Good morning,
ladies and gentlemen.

Morning, everyone

On behalf of ... may I welcome you to...

Thanks for coming.

My name is...

I’'m ...

For those of you who do not know me
already, ...

As you know ...

| am responsible for ...

I am in charge of ....

This morning | would like to (discuss,
report on, present)

What I want to do this morning is ....
(talk to you about..., tell you about...,
show you)

If you have any questions you would like
to ask, | will be happy to answer them.

Feel free to ask any questions you like as
we go along

Perhaps we can leave any questions you
may have until the end of the presentation.

And don’t worry; there will be plenty of
time left over for questions at the end.

STATING YOUR PURPOSE

It is essential to state the purpose of our presentation near the beginning. To
do this clearly and effectively you need a few simple presentation verbs.
To look at..., report on.... give an overview of ...

OK, let’s get started. Good morning, everyone. Thanks for your coming. I'm

(your name).
This morning | am going:
e to tell you about...
e to show you how 1o ...
o totake alook at ..
® {0 report on the results of ...

. so I begin by:

making a few observations about ...
outlining....
giving you an overview on the results of ...

bringing you up-to date on the latest findings ...
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. and then I will go on to:
highlight what I see as...
put the situation into some kind of perspective.
make detailed recommendations regarding...
discuss in more depth the implications of the data in the files in front of you.

TEXT FOR PRESENTATION

Coulometric Titration

Coulometric titrations use a constant current system to perform the reaction. The
only measurement required in these systems is the time it takes to complete the
electrolysis. The product of this time and the current is then used to determine the
total amount of electricity used. The endpoint of the titration can be determined
analytically by using an indicator that is placed in the sample and signals when the
system reaches equilibrium. Alternatively, the endpoint can be determined from data
provided by potentiometric, amperometric or conductance measurements. This is
similar to regular chemical titrations.

Since concentration polarization occurs in coulometric titrations, most (if not
all) of the reaction must occur distant from the working electrode. Otherwise, the
potential will need to constantly increase as the reaction progresses to maintain the
production of products. Therefore, coulometric titration reactions usually have other
ions in the sample that react directly with the electrode and then react with the sample
molecules. Coulometric titrations can also be done by back-titration.

An amperostat is used to maintain a constant current in coulometric titrations. It
reacts to changes in the resistance of the cell by altering its output potential. Both
amperostats and potentiostats can be built relatively cheaply using operational
amplifiers.

Applications

Potentiostatic coulometry techniques have been used to determine over 50
elements. They are used very frequently for the determination of uranium and
plutonium since potentiostatic coulometry techniques do not interfere much with the
sample. Another useful application is the determination of the amount of oxygen in a
sample by using a cadmium electrode and a porous silver electrode. This system for
determining oxygen is convenient because it does not require an external power
supply or a potentiostat to control the reaction since it does not reach a potential that
Is high enough to oxidize other substances. In addition, potentiostatic techniques can
be used to separate materials, to measure the diffusion current, and to determine and
sometimes synthesize organic compounds.

Coulometric titrations can be used for the neutralization of acids, which contain
H" ions, by producing hydroxide ions (OH") at an electrode to form water. Mercury,
silver chloride, or silver bromide electrodes are good counter electrodes for this
reaction. The coulometric technique has one real advantage over the volumetric
technique, which is that the interference of carbonate ions (CO3>) is easily removed
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by bubbling a carbon-dioxide deficient gas through the sample. This removes carbon
dioxide in the sample, which would otherwise form carbonate ions and interfere with
the analysis. Other applications include:

lons, such as halides, Zn, and mercaptans can be determined by complex
formation or precipitation in the presence of aniodically generated silver ions.
The oxidation of cerium, from Ce * to Ce **, in 1 N sulfuric acid can be used to
characterize several systems including titanium, iron, and uranium. The
electrodes used for such a system would be a polarized platinum electrode and a
non-polarized reference electrode, such as a lead amalgam - lead sulfate
electrode.

The reduction of Fe * to Fe ** in acidic solutions can be used to determine the
amount of permanganate (MnO,), chromate (Cr0,), or dichromate (Cr,0;*)
ions in a sample. Coulometric titrations or potentiostatic coulometric techniques
can be used for these systems. In the coulometric titration technique, the ratio of
iron ions will change when the sample is added and the endpoint occurs when
the ratio returns to its initial amount.

J. T. Stock, “Amperometric Titration”, 1995, pages 451-453.
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APPENDIX 6

GLOSSARY

Anode

The electrode where oxidation occurs.

Anodic current

A faradic current due to an oxidation reaction.

Amalgam

A metallic solution of mercury with another metal.

Amperometry

A form of voltammetry in which we measure current as a function of time while
maintaining a constant potential.

Asymmetry potential

The membrane potential when opposite sides of the membrane are in contact
with identical solutions yet a nonzero potential is observed.

Auxiliary electrode

The third electrode in a three-electrode cell that completes the circuit.

Cathode

The electrode where reduction occurs.

Convection

The movement of material in response to a mechanical force, such as stirring a
solution.

Current efficiency

The percentage of current that actually leads to the analyte's oxidation or
reduction.

Cathodic current

A faradaic current due to a reduction reaction.

Counter electrode

The second electrode in a two-electrode cell that completes the circuit.

Coulometry

An electrochemical method in which the current required to exhaustively oxidize
or reduce the analyte is measured.

Coulometric titrations

A titration in which the equivalence point is the time required for a constant
current to completely oxidize or reduce the analyte.

Charging current

A current in an electrochemical cell due to the electrical double layer formation.

Diffusion layer

The layer of solution adjacent to the electrode in which diffusion is the only
means of mass transport.

Dropping mercury electrode

An electrode in which successive drops of Hg form at the end of a capillary tube
as a result of gravity, with each drop providing a fresh electrode surface.

Electrode of the second kind
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A metallic electrode whose potential is a function of the concentration of X in an
MXn/M redox half-reaction.

Enzyme electrodes

An electrode that responds to the concentration of a substrate by reacting the
substrate with an immobilized enzyme, producing an ion that can be monitored with
an ion-selective electrode

Faradic current

Any current in an electrochemical cell due to an oxidation or reduction reaction.

Faraday's law

The current or charge passed in a redox reaction is proportional to the moles of
the reaction's reactants and products.

Galvanostat

A device used to control the current in an electrochemical cell.

Hydrodynamic voltammetry

A form of voltammetry in which the solution is mechanically stirred.

Hanging mercury drop electrode

An electrode in which a drop of Hg is suspended from a capillary tube.

lon-selective electrode

An electrode in which the membrane potential is a function of the concentration
of a particular ion in solution.

lonophore

A neutral ligand whose exterior is hydrophobic and whose interior is hydrophilic.

Indicator electrode

The electrode whose potential is a function of the analyte's concentration (also
known as the working electrode).

Liquid-based ion-selective electrode

An ion-selective electrode in which a chelating agent is incorporated into a
hydrophobic membrane.

Membrane potential

A potential developing across a conductive membrane whose opposite sides are
in contact with solutions of different composition.

Migration

The movement of a cation or anion in response to an applied potential.

Mediator

A species that transfers electrons from the electrode to the analyte.

Mass transport

The movement of material toward or away from the electrode surface.

Nonfaradaic current

A current in an electrochemical cell that is not the result of a redox reaction.

The interface between a positively or negatively charged electrode and the
negatively or positively charged layer of solution in contact with the electrode.

Ohm's law

The statement that the current moving through a circuit is proportional to the
applied potential and inversely proportional to the circuit's resistance (E=I-R).
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Overpotential

The difference between the potential actually required to initiate an oxidation or
reduction reaction, and the potential predicted by the Nernst equation.

Potentiometer

A device for measuring the potential of an electrochemical cell without applying
a current or altering the cell's composition.

Polarography

A form of voltammetry using a dropping mercury electrode or a static mercury
drop electrode.

Potentiostat

A device used to control the potential in an electrochemical cell.

Residual current

The current in an electrochemical cell that is present even in the absence of an
analyte.

Reference electrode

An electrode whose potential remains constant and against which other
potentials can be measured.

Redox electrode

An inert electrode that serves as a source or sink for electrons for a redox half-
reaction.

Salt bridge

A connection between two solutions that allows the movement of current in the
form of ionic charge.

Saturated calomel electrode

Reference electrode based on the reduction of Hg,Cl, to Hg in an aqueous
solution saturated with KCI; that is,

H,.Cl,(s) + 2e-t2Hg(l) + 2Ct(aq).

Silver/silver chloride electrode

Reference electrode based on the reduction of AgCl to Ag; that is,

AgCI(s) + e-tAg(s) + Ct(aq).

Static mercury drop electrode

An electrode in which successive drops of Hg form at the end of a capillary tube
as the result of a mechanical plunger, with each drop providing a fresh electrode
surface.

Stripping voltammetry

A form of voltammetry in which an analyte is first deposited on the electrode and
then removed, or "stripped,” electrochemically while monitoring the current as a
function of the applied potential.

Voltammetry

An electrochemical method in which we measure current as a function of
applied potential.

Voltammogram

A plot of current as a function of the applied potential.
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