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NEPEAMOBA

MeToanyHi BKkasiBku po3pobneHi anga ctygeHTiB Il kypcy Xximiko-TexHonoridyHoro dakynbTeTy
cneuianbHOCTI  «TexHiYHa enekTpoxiMmis» BIgNOBIOHO A0 HaByamnbHOI nporpamMu 4K
AonaTtkoBuM maTtepian go ocHoBHoro niapydHuka H.O. aBngosa, |.B. HikiTyueHko «AHrnincbka
MOBa A4S151 NPUPOLHMYMX HaYK», KM nepeabadvae opMyBaHHSA i pO3BMTOK BMiHb Ta HAaBUYOK
CTyOEeHTIB npaulBat 3 iHLWOMOBHOW niTepaTypolo 3a paxom, 3baradeHHa CROBHUKOBOIO

3anacy Ta OBOSOAiHHS HaBMU4YKamMu NpoecinHO-OPIEHTOBAHOIO CNiflKyBaHHS.

MeToan4Hi BKa3iBKM MICTATb Cy4YacHi aBTEHTUMYHI NPOdECINHO-OpPIEHTOBaHI MaTtepianu 3

enekTpoximii, 06pobneHi Ta aganToBaHi ANs CTYAEHTIB XiMUKO-TEXHOMNOTMYHOro bakynbTeTy.

BkasiBkn cknagartbca 3 8 posginie, B AKMx po3pobneHi HacTynHi Temn: «Chemistry and
electricity, «Redox in electrochemistry», «Chemistry of voltaic cells», «Electrochemical cells.
Cell description conventions, «Transport of charge within the cell», «Electroneutrality»,
«Potential differences at interfaces» i «Electrodes and electrode reactions». KoxHun po3sgin

Mae €auHY BHYTPILLHIO CTPYKTYPY:

1. ®oHeTU4Hi BNpaBK, CNPAMOBaAHI Ha HaBYaHHSA CTYAEHTIB MpaBuUibHOI BUMOBMU
creuianbHOI TEMaTUYHOI NIEKCUKM po3ainy.
TekcT 3a chaxom.

3. Cucrtema Bnpas (YCHUX Ta NMUCbMOBUX), CPSMOBAHNX Ha NEPEBIPKY PO3YMIHHA TEKCTY,
3aKpINfeHHa akTUBHOI TeMaTUYHOI NEKCUKK, rpamMaTuUKn, PO3BMTOK HAaBMYOK YCHOMoO Ta
NMACbMOBOIO nepeknagy, KOMYHIKATUBHMX HaBMYOK Ta 3aKpinfieHHs MOBHOIo
mMartepiany.

4. 3aBaaHHs Anst OCTaTO4HOro 0BroBOPEHHS TEMMU.

MeToaunyHi BKasiBkM 3a6e3nevytoTb LWMPOKI MOXKITMBOCTI ayANTOPHOI i CAMOCTINHOT poboTH.



UNIT 1. ELECTROCHEMISTRY

LEAD-IN

1. You are going to read a text about major discoveries that led to the foundation

of electrochemistry as a science. Before you read discuss the following:

1. What is the connection between chemistry and electricity?

2. What is electrochemistry? What does it study?

3. What scientists made important contributions to electrochemistry? What were their

discoveries?
4. What are the applications of modern electrochemistry?
2. Practice the pronunciation of the following words:

applied voltage [a'plaid 'vaultids]
electricity [ llek'tnsati ], [e lek'-]
electrified atoms [I'lektrifaid ‘aetemz]
electric current [I'lektrik 'kar(a)nt], amep. ['k3:r(a)nt]
to decompose a compound[ta dikem'pauz & 'kompaond]
moistened paper ['mois(a)nd 'peipa]
primitive battery ['primitiv 'baetori]
sodium hydroxide melt ['ssudiem hair'droksaid 'melt]
source of bonding forces ['so:s av 'bondin 'fa:siz]
electrochemical power source [I'lektrou’kemik(a)l '‘paua 'so:s]
sacrificial anode [ saekr'fif(a)l 'a&enaud]
phenomenon [fi'nominan]
phenomena [fi'nomina]

to overpower the attraction [tu jauva'paua &1 a'traek|(a)n]

5


http://electrochem.cwru.edu/ed/dict.htm#s65

. Match discoveries with the names of scientists:

Scientists

Discoveries

William Gilbert
(1544-1603)

effectively demonstrated the first electrochemical battery. His
invention formed the basis of modern batteries and other

phenomena including corrosion and sacrificial anodes.

Luigi Galvani
(1737-1798)

found that the the battery’s terminals dipped in water
generated hydrogen and oxygen; discovered electrolysis or

chemical reaction driven by electric current.

Alessandro Volta
(1745-1827)

known as the “father of magnetism” for his work on magnets,
was among the first to experiment with electricity. He devised

methods to produce as well as strengthen magnets.

William Nicholson
and Anthony

Carlisle

used electrolysis to isolate metals such as sodium,
potassium, calcium, magnesium, and lithium; concluded that
electricity induced chemical action and that chemical
combination  occurred between oppositely charged
substances.

Jacob Berzelius
(1779-1848)

formulated the electron pair theory.

Humphrey Davy
(1778-1829)

proposed that animal tissue contained an unknown vital force
(called it “animal electricity), which activated nerves and

muscles when touched with metal probes.

Michael Faraday
(1791-1867)

proposed that all atoms are electrified, hydrogen and the

metals being positive, the nonmetals negative.

G. N. Lewis

discovered the laws of electrolysis and set the foundations for

the classical field theory of electromagnetic behaviour.



http://electrochem.cwru.edu/encycl/art-b02-batt-nonr.htm
http://electrochem.cwru.edu/encycl/art-c02-corrosion.htm
http://electrochem.cwru.edu/ed/dict.htm#s65
http://electrochem.cwru.edu/ed/dict.htm#w01
http://electrochem.cwru.edu/ed/dict.htm#e19
http://electrochem.cwru.edu/ed/dict.htm#c14

READING

4. Look through the passage, divide it into two logical parts and choose suitable

titles for them out of the given ones:

1. The Scope of Electrochemistry 4. The History of Electrochemistry
2. The Nature of Electrochemistry 5. Chemistry and Electricity

3. Modern Electrochemistry

The connection between chemistry and electricity is a very old one, going back to
Alessandro Volta’s discovery, in 1793, that electricity could be produced by placing two

dissimilar metals on opposite sides of a moistened paper.

“I have the pleasure of
communicating to you, Sir,
and through you to the
Royal Society, some
striking results at which |
have arrived in pursuing my
experiments on the
electricity excited by the
simple mutual contact of

metals of different sorts...” .

In 1800, William Nicholson and Anthony Carlisle, using Volta's primitive battery as a
source, showed that an electric current could decompose water into oxygen and hydrogen.
This was surely one of the most significant experiments in the history of chemistry, for it
implied that the atoms of hydrogen and oxygen were associated with positive and negative
electric charges, which must be the source of bonding forces between them.

By 1812, the Swedish chemist Jacob Berzelius could propose that all atoms are
electrified, hydrogen and the metals being positive, the nonmetals negative. In electrolysis,
the applied voltage was thought to overpower the attraction between these opposite charges,

pulling the electrified atoms apart in the form of ions (named by Berzelius from the Greek for
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“travelers”). It would be almost exactly a hundred years later before the shared electron pair

theory of G.N. Lewis could offer a significant improvement on this view of chemical bonding.

Meanwhile the use of electricity as a means of bringing about chemical change
continued to play a central role in the development of chemistry. Humphrey Davy prepared
the first elemental sodium by electrolysis of a sodium hydroxide melt. It was left to Davy's
former assistant, Michael Faraday, to show that there is a direct relation between the amount
of electric charge passed through the solution and the quantity of electrolysis products. James
Clerk Maxwell immediately saw this as evidence for the “molecule of electricity”, but the world
would not be receptive to the concept of the electron until the end of the century.

Alessandro Volta | Hamphrey Davy Jacob Berzelius Michael Faraday

Today, electrochemistry is a rigorous science concerned with the quantitative relations
among the chemical, surface, and electrical properties of systems. Electrochemistry has
strong links to many other fields of science. Electrochemical concepts proved particularly

fruitful for studying and interpreting a number of very important biological processes.

Modern electrochemistry has vast applications. Electrochemical processes form the
basis of large-scale chemical and metallurgical production of a number of materials.
Electrochemical phenomena are responsible for metallic corrosion, which causes untold
losses in the economy. Modern electrochemical power sources (primary and secondary
batteries) are used in many fields of engineering, and their production figures are measured in

billions of units. Other electrochemical processes and devices are also widely used.



LANGUAGE DEVELOPMENT

5. Match the highlighted words in the text with their synonyms below.

1. different 5. put forward/suggest
2. the amount or number 6. used

3. connected 7. suggested

4. primary or basic 8. facts or indications

6. Match the words with their definitions.

1 | decompose | A | energy stored chemically for conversion into electricity

2 | elemental B | an electromotive force or potential difference expressed in volts

3 | electric C | break down (a chemical compound) into its component elements or
current simpler constituents

4 | (applied) D | a mutual attraction between two atoms resulting from a redistribution
voltage of their outer electrons

5 | electric E | an atom or molecule with a net electric charge due to the loss or gain
charge of one or more electrons

6 | chemical F | a flow of electricity which results from the ordered directional
bond movement of electrically charged patrticles

7 | ion G | consisting of a single chemical element

7. Translate sentences into Ukrainian. Pay special attention to the words in

italics.

1. Electricity could be produced by placing two dissimilar metals on opposite sides of a

moistened paper.




2. Humphrey Davy prepared the first elemental sodium by electrolysis of a sodium

hydroxide melt.

3. In electrolysis, the applied voltage was thought to overpower the attraction between

these opposite charges, pulling the electrified atoms apart in the form of ions.

4. There is a direct relation between the amount of electric charge passed through the

solution and the quantity of electrolysis products.

8. Complete this table to make word families. Use a dictionary to help you.

Translate the words and their derivatives.

Verb Adjective Noun

immerse — 3aHyptoBaTh immersible - 3aHyptoBaHuNA, immersion — 3aHypeHHS
immersed - 3aHypeHun

Decompose

Apply

Electrify

Attract

9. Fill in the correct word(s) from the list below. Use the word(s) only once. Find

Ukrainian equivalents to the following English word expressions.
to bring about, to produce, to decompose, to overpower, applied, means, forces.
1o water into oxygen and hydrogen
2. i the attraction between the opposite charges
3. to be the source of the bonding ...............
4 the chemical change

5. tobea................. of bringing about chemical change
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B. i, electricity

T e, voltage

10. Fill in the gaps using for, into, on, to, with. Then choose any three of the

completed phrases and make sentences to show their meaning.

1. to decompose sth ....... sth
2. to be associated ....... sth/sb
3. improvement ........ sth

4. evidence ........ sth

5. to be receptive ....... sth

11. Find English equivalents to the following Ukrainian word expressions.
1. ponatu cuny TEXKIHHA MiXK NPOTUAEXHUMN 3apsaamim
2. npuvKnageHa Hanpyra
3. eneKTPUYHUIN CTPYM
4. BM3HA4YaTM HasIBHICTb CUN (XiMIYHOMO) 3B’A3KY
5. posknagaTv Bogy Ha KUCEHb i BOAEHb

6. KOPUCTYHYUCb NPUMITUBHUM akyMynaTopoM BornbTa Sk gxepenom enexkrpoeHeprii

SPEAKING AND WRITING

12. In pairs talk about famous scientists and their contributions to
electrochemistry.

13. Write down the summary to the text “Chemistry and electricity”.

11



LEAD-IN

1. You will read a text about redox reactions in electrochemistry. Before you

read discuss the following:

1. What is the main characteristic of oxidation—reduction reactions?

2. What do all redox reactions involve? (a transfer of electrons)

3. In terms of electrons, what happens when an atom is oxidized? When an atom is

reduced?

4. Try to describe Figure 2a.

half-cell

Oxidation

Zn— Zn?* + 2e" Cu24+ 2e"— Cu

Reduction
half-cell

Figure 2a A Voltaic Cell

These containers are constructed
and arranged so that zinc is
oxidized on one side while copper
ions are reduced on the other. A
wire connected between the zinc
and copper strips provides a
pathway for the flow of electrons.
However, it takes a salt bridge to
complete the system and allow the
reaction

redox to produce an

electric current.

2. Practice the pronunciation of the following words:

=oxidized species ['oksidaizd 'spi:/i:z]

=net ionic equation ['net ar'onik 'kweizan]

*to donate electrons [ te deu'nelt I'lektronz]
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=electron transfer [I'lektron 'treensfs:]

»to transfer electrons [te traens 'fa: I'lektronz]

=to prohibit a reaction [te pra'hibit & n'aek|(e)n]
=conducting wire [can'dAktin ‘wais], amep. ['wair]
=zinc sulphate ['zink 'salfeit]

=beaker ['bi:ka]

=to flow through [ta 'flau 'Bru: ]

=electric current [I'lektrik 'kar(a)nt], amep. ['k3:r(a)nt]
=to cause a reaction [te 'ko:z o ri'sek[on]

=redox occurs ['ridoks a'ka:z]

READING

3. Read this article and decide if the statements (1-5) are true (T) or false (F),

according to the text.

1. The species that is oxidized in a redox reaction is the reducing agent and loses

electrons. The species that is reduced is the oxidizing agent and gains electrons.

2. In a voltaic cell, the oxidation and reduction half reactions of a redox reaction are

separated and ions flow through a salt-bridge conductor.

3. A salt bridge serves as a pathway for electrons to flow from the oxidation half-reaction

to the reduction half-reaction.

4. A metal wire is a pathway constructed to allow the passage of positive and negative

ions from the oxidation half-reaction to the reduction half-reaction.

5. The flow of electrons through the wire and the flow of ions through the salt bridge

generate the electric current.

Redox in Electrochemistry

All redox reactions involve a [f@liSiel of electrons from the SPEGIES that is oxidized to
the species that is reduced. In the simple redox reaction zinc atoms are oxidized to form Zn?*
ions. The two electrons donated from each zinc atom are accepted by a Cu®" ion, which

13



changes to an atom of copper metal. The following net ionic equation illustrates the electron

transfer that occurs.

2e~
ol a3
Zn(s) + Cu-"(aq) — Zn“*aq) + Cuis)

Two half-reactions make up this redox process:
Zn — Zn** | 2e- (oxidation half-reaction: electrons lost)
Cu?* + 2e- — Cu (reduction half-reaction: electrons gained)

What do you think would happen if you separated the oxidation half-reaction from the
reduction half-reaction? Can redox BEGHE? Consider Figure 2a in which a zinc strip is
IMMErsed in a solution of zinc sulfate and a copper strip is immersed in a solution of copper
(I1) sulfate. Two problems [BEGRIBH a redox reaction in this situation. First, with this setup there
is no way for zinc atoms to transfer electrons to copper (ll) ions. This problem can be solved
by connecting a metal wire between the zinc and copper strips, as shown in Figure 2b. The

wire serves as a pathway for electrons to flow from the zinc strip to the copper strip.

P \
© @ zinc strip copperstiip ) O ]

Oxidation
half-cell

j Reduction
: = half-cell

L IM ZnZ
Negative
ions
znZ#

In— ZIn*+2e~ Cu*+ 2e > Cu

Figure 2b

Even with the conducting wire, another problem exists that prohibits the redox reaction.
A positive charge builds up in one solution and a negative charge builds up in the other. The
BUIlGEP of positive zinc ions on the left prohibits the oxidation of zinc atoms. On the other side,
the buildup of negative ions prohibits the reduction of copper ions. To solve this problem a
salt bridge must be built into the system. A salt bridge is a [Jall@y constructed to allow the
passage of ions from one side to another, as shown in Figure 2b. A salt bridge consists of a

14



tube containing a conducting solution of a soluble salt, such as KClI, held in place by an agar

gel or other form of plug. The ions can move through the plug but the solutions in the two
beakers cannot mix.

When the metal wire and the salt bridge are in place, electrons flow through the wire
from the oxidation half-reaction to the reduction half-reaction while positive and negative ions
move through the salt bridge. A flow of charged patrticles, such as electrons, is called an
electric current. The flow of electrons through the wire and the flow of ions through the salt
bridge [fi@Kemlp the electric current. The energy of the flowing electrons can be put to use in
lighting a bulb or running an electric motor.

The completed device shown in Figure 2a is an electrochemical cell. An
electrochemical cell is an apparatus that uses a redox reaction to produce electrical energy or
uses electrical energy to cause a chemical reaction. A voltaic cell is a type of electrochemical
cell that converts chemical energy to electrical energy by a spontaneous redox reaction.

Figure 2c shows a version of the original voltaic cell as devised by its inventor Alessandro
Volta.

Figure 2c

The voltaic cell is named for Alessandro Volta
(1745-1827), the Italian physicist who is
credited with its invention in 1800.

L =
|

{

i

VOCABULARY PRACTICE

4. Match the highlighted words in the text with their synonyms.

1) generate/produce

2) prevent from happening/make impossible
3) dipped

4) happen
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5) route/road

6) transmission/transport

7) increase/accumulation

8) a very small piece of something/particle

5. Translate sentences into Ukrainian. Pay special attention to the words in

italics.

1. A positive charge builds up in one solution and a negative charge builds up in the
other.

2. The buildup of positive zinc ions on the left prohibits the oxidation of zinc atoms.

3. With this setup there is no way for zinc atoms to transfer electrons to copper ions.

4. All the necessary equipment was set up yesterday.

5. Electrons flow through the wire from the oxidation half-reaction to the reduction half-
reaction.

6. A flow of charged patrticles, such as electrons, is called an electric current.

6. Fill in the correct word(s) from the list below. Use the word(s) only once. Find

Ukrainian equivalents to the following English word expressions.

light, cause, convert, builds up, immersed, gained/lost, solved, donated, constructed

a)
b)
c)
d)
e)
f)

9)
h)
)

electrons .................. from each zinc atom
azinCstrip .....cocvvvvenenn. in a solution

the problemtobe ..................

electrons ..................

a pathway .................. to allow the passage of ions
a positive charge .................. in one solution

(0 IO a chemical reaction

(0 JP chemical energy to electrical energy
(0 I a bulb
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7. Find English equivalents to the following Ukrainian word expressions.

HakonM4yyBaTy NO3UTUBHI IOHWN LUHKY
YMNOBIfbHIOBATU Xif, OKUCHO-BIAHOBHOI peakuii
NPU3YNNHATU OKUCIIEHHS IOHIB Migi
nepeHeceHHs/NepeMilleHHs1 eNeKTPOHIB
NOTIK 3apAgKEHNX YaCTUHOK

LUMHKOBA NNacTUHKa 3aHYPHETBCA Y PO3YNH
BiOyBaeETbCHA OKMCHO-BIQHOBHA peakLuis

NpoTiKaTn Kpisb MeTanesnn apit

© © N o g s~ w DdPE

reHepyBaTh eNeKTPUYHNIA CTPYM

10. BUKNNKATW/CAPUYUHATM XiMiYHY peakLito

8. Fill in the gaps with words formed from the words in capitals.

Electrochemistry

Electrochemistry is a branch of (0) chemistry dealing with chemical (1) ...............
that involve (2) .................. current and potentials. Some chemical reactions that proceed
() I can generate electrical current, which can be usedtodo (4) ..................
work; while other chemical reaction can be forced to proceed by using electrical current.
While all this may sound rather esoteric, many (5) .................. devices based on these
reactions, and many products made by these reactions are well-known, everyday household
items.

0) CHEMIST

(1) REACT

(2) ELECTRIC

(3) SPONTANIOUS
(4) USE

(5) PRACTICE
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9. Match the words with their definitions.

1 net ionic equation | A | electricity that is put into a piece of electrical equipment such as
a battery

2 charge B | the glass object inside a lamp that produces light and has to be
replaced regularly

3 electric current C | arepresentation of a chemical reaction in a solution, where
strong electrolytes are written as ions, showing only those
components that are directly involved in the chemical change

4 wire D | a blue-white metal that is used to make brass and to cover and
protect objects made of iron

5 beaker E | thin metal in the form of a thread, or a piece of this

6 chemical equation | F | a flow of electric charge through a conductor

7 light bulb G | a soft reddish-brown metal that allows electricity and heat to
pass through it easily, and is used to make electrical wires,
water pipes etc

8 zinc H | a glass cup with straight sides that is used in chemistry for
measuring and heating liquids

9 copper I a pathway constructed to allow positive and negative ions to
move from one solution to another

10 | salt bridge J a representation of a chemical reaction showing the relative

numbers of reactant and product molecules

18




SPEAKING AND WRITING

10. In groups discuss the following questions.

1.

ok~ 0N

Under what conditions can a redox reaction be used to cause an electric current to flow
through a wire?

What are the components of a voltaic cell?

What is the role of each component in the operation of the cell?

What is the function of a salt bridge in a voltaic cell?

What feature of an oxidation—reduction reaction allows it to be used to generate an
electric current?

A salt bridge is essential to a voltaic cell for all of the following reasons EXCEPT
a) it allows ions to move from the solution of one cell to the other.

b) it causes electric current to flow between the two electrodes of a cell.

c) it relieves the buildup of positive charge on the anode side of the cell.

d) it allows electrons to move from the solution of one cell to the other.

11. Write five or seven sentences describing the redox process that take place in a

voltaic cell and account for the direction of electron flow. Use the words electron,

positive ion, negative ion, metal wire, salt bridge, oxidation, reduction, half-reaction,

electric current in your sentences.
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UNIT 3. CHEMISTRY OF VOLTAIC CELLS
LEAD-IN

1. You will read a text about voltaic cells. Before you read discuss the following:

1. What is a voltaic cell?
2. What are the parts of a voltaic cell?
3. What is the role of each part in the operation of the cell?

4. Are there any difference between an electrochemical cell and a voltaic cell?

2. Practice the pronunciation of the following words.

Voltaic cell [vol'tenk sel]

Anode ['zenaud]

Cathode ['kaeBoaud]

Voltage ['vaultid3]

Measure ['me3a]

Exist [1g9'zist]

Occur sponteniously [8'k3: spon'teiniasli]
Accept electrons [ak'sept I'lektronz]
Conduct electricity [ken'dakt lek'trisiti]

READING

3. Read the text and match the headings (a-d) with the correct paragraphs (1-4).

a) Spontaneity of the redox reaction. ( )
b) The rule of the golf ball. ( )
c) The arrangement of an electrochemical cell. ( )

d) The potential difference of an electrochemical cell. ( )
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Chemistry of Voltaic Cells

1.

An electrochemical cell consists of two parts, called half-cells, in which the separate
oxidation and reduction reactions take place. Each half-cell EOligilg an electrode, which is
the object that conducts electrons to or from another substance, usually a solution of ions. In
Figure 2b (Unit 2), the beaker with the zinc electrode is where the oxidation part of the redox
reaction takes place. The beaker with the copper electrode is where the reduction part of the
reaction takes place. The reaction that takes place in each half-cell is the half-reaction,
sometimes called half-cell reaction. The electrode where oxidation takes place is called the
anode of the cell. The electrode where reduction takes place is called the cathode of the cell.

2.

In electrochemistry, electrical potential energy is a measure of the amount of current
that can be generated from a voltaic cell to do work. Electric charge can flow between two
points only when a difference in electrical potential energy exists between the two points. In
an electrochemical cell, these two points are the two electrodes. The potential difference of a
voltaic cell is an indication of the energy that is EN@illeblé to move electrons from the anode to

the cathode.

3.

To better understand this concept, consider the analogy illustrated in Figure 3. A golf
ball that lands on a hillside will roll downhill into a low spot because a difference in
gravitational potential energy exists between the two points. The kinetic energy Bitained by a
golf ball rolling down a hill is EEtermined by the difference in height (potential energy) between
the high point and the low point. Similarly, the energy of the electrons flowing from anode to
cathode in a voltaic cell is determined by the difference in electrical potential between the two
electrodes. In redox terms, the voltage of a cell is determined by the difference in the

tendency of the electrode material to HGEEPI electrons.

4.

Thinking again of the golf ball analogy, the force of gravity causes the ball always to roll

downhill to a lower energy state, not uphill to a higher energy state. In other words, the golf
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ball rolling process BEGlES spontaneously only in the downhill direction. In the zinc—copper cell
under standard conditions, copper (I1) ions at the cathode accept electrons more f@adiljl than
the zinc ions at the anode. In other words, the redox reaction occurs spontaneously only

when the electrons flow from the zinc to the copper.

Remains
Rolls to lower stationary

potential

i vul b MnIMln‘/lM i

Figure 3 In this illustration of gravitational potential, we can say that the golf ball has potential
energy relative to the bottom of the hill because there is a difference in the height position of
the ball from the top of the hill to the bottom. Similarly, an electrochemical cell has potential
energy to produce a current because there is a difference in the ability of the electrodes to
move electrons from the anode to the cathode.

4. Read the text again and decide if the statements 1 - 6 are true (T) or false (F),

according to the text.

1. In a voltaic cell, oxidation takes place at the cathode, and reduction takes place at the
anode.

2. Voltaic cell converts chemical energy into electrical energy. It consists of two parts
called half-cells.

3. The oxidation half-cell shows the number of electrons lost when a species is reduced.

4. The reduction half-cell shows the number of electrons lost when a species is reduced.

5. When two different metals, one in each half-cell, are used in the voltaic cell, a potential
difference is produced.

6. Redox reaction always occurs spontaneously.
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VOCABULARY PRACTICE

5. Match the highlighted words in the text with their synonyms.

a) quickly and easily
b) obtainable/accessible

c) reached

d) includes

e) take/receive
f) happens
g) defined

6. Match the words with their definitions.

1 | anode A in an electrochemical cell, the electrode where reduction
takes place

2 | cathode B one of two parts of an electrochemical cell in which the
separate oxidation or reduction reaction occurs

3 | half-reaction C electrical force measured in volts

4 | half-cell D in an electrochemical cell, the electrode where oxidation takes
place

5 | voltage E one of two parts of a redox process, one presenting oxidation
and the other reduction

6 | energy F energy stored in a substance because of its composition; is
released or absorbed as heat during chemical reactions or
processes

7 | potencial energy G the capacity to do work or produce heat

8 | kinetic energy H a very small piece of matter with a negative electrical charge

that moves around the nucleus of an atom

9 | electron

energy resulting from the motion of an object; dependent on

the mass of the object and the square of its velocity

23




7. Match the first part of the sentence (1-5) with the second part (a-e).

An electrochemical cell reaction like any oxidation-reduction reaction can be written ( )
In the case of a cell, these half-reactions correspond... ( )

Since the cell reaction is the sum of the half-cell reactions, it is convenient... ( )

H wnN P

Unfortunately, there is no way of measuring a half-cell potential—we always need two
half-cells... ()

5. By convention, the half-cell reaction, has been chosen ... ( )

a) ...to think of dividing the cell potential into half-cell potentials.

b) ...as the sum of an oxidation half-reaction and a reduction half-reaction.

c) ...to the reactions at the two electrodes.

d) ...as the primary reference half-cell with standard potential taken to be E° = 0.000 V.

e) ...to make a cell, the potential of which is measurable.

8. Fill in the gaps using of, through, to, from, between, in, under. Then choose

any three of the completed phrases and make sentences to show their meaning.

1. to consist ........ sth; 2. to be due ........ sth/sb; 3. convert sth ........ sth; 4. to flow ........ sth
........ sth; 5. to move ........sth ........ sth; 6. ......... redox terms; 7. ......... standard conditions;
8. ... other words.

9. Fill in the correct word(s) from the list below. Use the word(s) only once. Find

Ukrainian equivalents to the following English word expressions.

Kinetic, voltage, conduct, accept, contain, amount, available

1. ... electrons to/from substance 4 of a cell is determined
2. .. energy attained by a golf ball 5. electrons
3. energy thatis .................. to move 6. i the cathode

electrons 7o of electrical current

10. Find English equivalents to the following Ukrainian word expressions.

a) cuna TSKIHHA
b) OKkMCHO-BIQHOBHa peakuis NpoTikae AOBINIbHO
C) 3a HopMarnbHUX yMOB
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d) ranbBaHiYHUI enemMeHT

€) OOCArHYTUI piBEHb eHepril

f) BM3HaA4yaTU (ENEKTPUYHY) HanNpyry efiemMeHTa

g) WBWMAOKO i Nerko npummMaTn eneKkTpoHn

SPEAKING AND WRITING

11. In groups discuss the following questions.

What are the parts of an voltaic cell?

H w N

What is the electrical potential energy in electrochemisty?
When does the redox reaction occur spontaneously?

Why do electrons flow from one electrode to the other in a voltaic cell?

12. Complete the concept map using the following terms: reduction, electrodes,

voltaic cells, anode, oxidation, cathode, electrolyte.

2.
which includeél
/S
4.
|
at which
5.

OCCUrs

1.
/

consist of two

/
immersed in an 3.
N
and a
AN
6.

|
at which

OCCUrs

13. Write two or three sentences describing the processes that take place in a

voltaic cell and account for the direction of electron flow. Use the words

cathode, node, oxidation,reduction, and potential difference in your sentences.
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UNIT 4. ELECTROCHEMICAL CELLS. CELL DESCRIPTION
CONVENTIONS

LEAD-IN

1. You will read a text about electrochemical cells and an adopted special
symbolic notation used to describe a cell. Before you read discuss the

following:

1) Is it possible to control a redox reaction?
2) Can we measure the amount of electric charge that passes through the electrodes and
the number of moles of reactants in the electrochemical cell? How?

3) Are there any agreements about describing the process in the galvanic cell?

2. Practice the pronunciation of the following words and expressions.

=  Ammeter ['a&amits]

= Allow [d'lau ]

= Although [o:I'dau]

= Also ['o:lsau ]

= Nomenclature [nau'menklaffa]

= Reverse direction [r'v3:s di'rek[(a)n, dai-]
= Careful experiment ['keafl Ik'sperimant]

= Measured in coulombs ['me3zad in 'ku:lomz]
= Porous barrier ['po:res 'beeris]

= External circuit [Ik'sta:nl 'se:kit]

= Net equation ['net I’kweiz(a)n ]

= Chemical species ['kemikl 'spi:[i:Z]

= Proceed to the right [pro'si:d te da rait]

= EXxcess electrons ['ekses I'lektronz]

= Variable resistance ['veariabl r'zist(a)ns]
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READING

3. Read this article and decide if the statements 1 - 4 are true (T) or false (F),

according to the text.

1. Atypical electrochemistry cell consists of two compartments separated by a metallic
conductor.

2. A porous barrier that separates two solutions prevents them from mixing and does not
allow ions to diffuse through.

3. Redox reactions can be measured and controlled due to electrochemical cells.

4. The chemical species that undergo reduction are shown on the right side, and those

that undergo oxidation are shown on the left.

Electrochemical cells. Cell description conventions

This arrangement is called a galvanic cell. A typical cell might consist of two pieces of
metal, one zinc and the other copper, each immersed in a solution containing a dissolved salt
of the corresponding metal. The two solutions are separated by a porous barrier that prevents
them from rapidly mixing but allows ions to diffuse through.

If we simply left it at that, no significant amount of reaction would take place. However,
if we connect the zinc and copper by means of a metallic conductor, the excess electrons that
remain when Zn?** ions go into solution in the left cell would be able to flow through the
external circuit and into the right electrode, where they could be delivered to the Cu?* ions
which become “discharged”, that is, converted into Cu atoms at the surface of the copper

electrode.
The net reaction is the same as before the oxidation of zinc by copper (ll) ions:
Zn(s) + Cu®** — Zn*" + Cu(s)
but this time, the oxidation and reduction steps take place in separate locations:
right electrode: Cu®* + 2e” — Cu(s) reduction
Electrochemical cells allow measurement and control of a redox reaction. The reaction

can be started and stopped by connecting or disconnecting the two electrodes. If we place a
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variable resistance in the circuit, we can even control the rate of the net cell reaction by
simply turning a knob. By connecting a battery or other source of current to the two
electrodes, we can force the reaction to proceed in its non - spontaneous, or reverse

direction.

By placing an ammeter in the external circuit, we can measure the amount of electric
charge that passes through the electrodes, and thus the number of moles of reactants that

get transformed into products in the cell reaction.

Electric charge g is measured in coulombs. The amount of charge carried by one mole
of electrons is known as the faraday, which we denote by F. Careful experiments have
determined that 1 F = 96467 c. For most purposes, you can simply use 96,500 coulombs as

the value of the faraday.

When we measure electric current, we are measuring the rate at which electric charge
is transported through the circuit. A current of one ampere corresponds to the flow of one

coulomb per second.

In order to make it easier to describe a given electrochemical cell, a special symbolic

notation has been adopted. In this notation the cell of Fig. 3 would be
Zn(s) | Zn**(aq) || Cu**(aq) | Cu(s)

In this notation, the vertical bars indicate phase boundaries; the double vertical bar in
the middle denotes the phase boundary between the two solutions. As a matter of convention,
the chemical species that undergo reduction when the cell reaction proceeds to the right
according to the net equation are shown on the right side, and those that undergo oxidation
are shown on the left. Note carefully that this is entirely independent of the physical location of

the two electrodes in the actual cell in Figure 4.

There are several other conventions relating to cell notation and nemenclature that you

are expected to know:

=  An electrode where the oxidation occurs is called the anode is where oxidation
occurs, and the cathode is an electrode where the reduction occurs.
= Electric current flows from the cathode to the anode. Electrons flow from anode

to cathode
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= |f electrons flow from the left electrode to the right electrode when the cell
operates in its spontaneous direction, the potential of the right electrode will be

higher than that of the left, and the cell potential will be positive.

—electron flow—pe Figure 4 A simple electrochemical cell

/ sternal circuit \ The two compartments of this cell are separated
In Cu| . .
: by a porous barrier that allows ions to pass through

porous barrier

while preventing gross mixing of the two solutions.

Zn(MOzl>  cufNo
(hioslz -8 When the two electrodes are connected, charges flow

2 I in the directions indicated. Note that the buildup of
NO3 :
Y s, positive charge on the left side can be compensated
Zofe) e dng o Cusl e Cif) either by diffusion of Zn®** to the right or (less
oxidation reduckion

efficiently) by Nos™ to the left.

VOCABULARY PRACTICE

4. Match the highlighted words in the text with their synonyms.

1) changeable

2) permit

3) having noticeable effects

4) speed

5) terminology

6) moves (in the particular direction)
7) thorough

8) with the use or help of

5. What do the following abbreviations mean? Decode them.

1) (s) 3) ¢ 5 Q
2) e 4) F 6) (aq)
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6. Match the first part of the sentence (1-5) with the second part (a-e).

H

. A typical cell might consist of ...( )

. The two solutions are separated by ...( )

. The reaction can be started and stopped by ...( )

2
3
4. If we place a variable resistance in the circuit, we can even control ...( )
5

. The amount of charge carried by ...( )

a) connecting or disconnecting the two electrodes.

b) two pieces of metal, one zinc and the other copper, each immersed in a solution.

c) one mole of electrons is known as the faraday.

d) a porous barrier that prevents them from rapidly mixing but allows ions to diffuse

through.

e) the rate of the net cell reaction.

7. Match the words with their definitions.

1 | circuit A | an apparatus that uses a redox reaction to produce electrical
energy or uses electrical energy to cause a chemical reaction.

2 | conductor B | a type of electrochemical cell that converts chemical energy to
electrical energy by a spontaneous redox reaction.

3 | electrochemical C | a substance, body, or system that conducts electricity, heat, etc

cell

4 | voltaic cell D | a complete path through which an electric current can flow

5 | resistance E | unit of electric charge; the quantity of electricity transported in
one second by a current of 1 ampere

6 | ammeter F | the opposition to a flow of electric current through a circuit
component, medium, or substance.

7 | coulomb G | aninstrument for measuring an electric current in amperes
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8. Complete this table to make word families. Use a dictionary to help you.

Translate the words and their derivatives.

Verb Adjective

Noun

immerse — 3aHyptoBaTu immersible - 3aHyptoBaHUW,
immersed - 3aHypeHui

Immersion — 3aHypeHHS

Measure

Vary

Differ

Allow

9. Fill in the correct word(s) from the list below. Use the word(s) only once. Find

Ukrainian equivalents to the following English word expressions.

Reverse, careful, reaction, reduction, surface, variable, rapidly, rate, means, porous

1. toplacea .................. resistance in the circuit

2. beseparatedbya.................. barrier

3. to prevent solutions from .................. mixing

4. to connect the zinc and copperby .................. of a metallic conductor
5. tocontrolthe .................. of the net cell reaction

6. the reaction proceeds inits .................. direction

7. atthe .................. of the copper electrode

8. toconduct .................. experiments

9. thecell .................. proceeds to the right

10.toundergo ...................
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10. Fill in the gaps using through, into, from, in. Then choose any three of the

completed phrases and make sentences to show their meaning.

1. to proceed ........ sth; 2. to pass ........ sth; 3. to get transformed ........ sth; 4. to diffuse

........ sth; 5. to prevent sth ........ sth; 6. to convert sth ........ sth, 7. to flow ......... .

11. Find English equivalents to the following Ukrainian word expressions.

. BANUBATK Ha Pi3HULIO NoTeHUianis
. PO3MICTUBLUX aMnepMeTp Y 30BHILLUHLOMY KOfi
. MPOTIKaTW Kpi3b 30BHILUHE KOJS10

1

2

3

4. NPUMYCUTU peakuito NPOoTiKaTU B NPOTUMEXHOMY HaNpPsIMKy

5. [003BONATM BUMIpHOBaTK NapamMeTpu | KOHTPONBaTK Xig peakuil
6

. yMOBHi NO3Ha4YeHHA

12. Fill in the gaps with words formed from the words in capitals.

The Electrochemical cell

An electrochemical cell is a device that produces an electric current from energy
released by a 0) spontaneous redox reaction. This kind of cell includes the Galvanic cell or
Voltaic cell, named after Luigi Galvani and Alessandro Volta, both 1) .................. who
conducted several experiments on chemical reactions and electric current during the late 18th

century.

Electrochemical cells have two 2) .................. electrodes (the anode and the
cathode). The anode is defined as the electrode where 3) .................. occurs and the
cathode is the electrode where the 4) .................. takes place. Electrodes can be made
fromany5) .................. conductive materials, such as metals, semiconductors, graphite,
and even conductive polymers. In between these electrodes is the electrolyte, which contains

ions that can freely move.

0) SPONTAIN 3) OXIDE
1) SCIENCE 4) REDUCE
2) CONDUCT 5) SUFFICIENT
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SPEAKING AND WRITING

13. In groups discuss the following questions.

1. What is the function of the porous barrier in the cell?
What is the function of the metallic conductor?
How can we control the rate of the net cell reaction?

What conventions are used to describe the process in the electrochemical cell?

o w0

Identify the following information about each question. What element is oxidized?
Reduced? What is the oxidizing agent? Reducing agent?

a) 2P + 3Cl, — 2PCl;

b) C+ H,0O — CO + H,
6. How many electrons will be lost or gained in each of the following half-reactions?
Identify whether it is an oxidation or reduction.

a) Cr—Cr®

b) 0, — 0%

c) Fe*? - Fe*

14. Write down the summary to the text “Electrochemical cells. Cell description

conventions”.

33



UNIT 5. TRANSPORT OF CHARGE WITHIN THE CELL

LEAD-IN

1. You will read a text about transport of charge within the cell. Before you read

discuss the following:

1. What is an electrical cell?
2. What kinds of charges do you know?
3. What is the relation between
a) Charge and speed?
b) Radius and speed?
c) What do you know about transport of charge in the cell?

2. Practice the pronunciation of the following words.

= External circuit [Ik'sta:nl 'sa:kit]

= Acquire a charge [e'kwale a ffa.d3]

= Require work [ri'kwaie wa:K]

= Counterion ['kaunta'aian]

= Alleviate [a'li:vielt]

= Nitrate ions ['naitreit ‘aianz]

= Minute amount [mai'nju:t 8'maont]

= Sustain the cell reaction [sa'stein ds 'sel r'sekf(a)n]
= Precise measurement [pri'sais 'me3zament]

= Porous membrane ['po:ras 'membrein]

= Junction potential ['d3Ank[(a)n pa'ten[(a)l]
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READING

3. Read this article and decide if the statements 1 - 5 are true (T) or false (F),

according to the text.

1. A chemical reaction generates electric energy spontaneously in a galvanic cell.

2. In any electrochemical cell, the cathode is the electrode at which some species gains

electrons.

3. The amount of charge carried by positive and negative ions depends on their relative

mobilities.

4. The negative ions have higher mobilities and carry the larger fraction of charge.

5. In avoltaic cell, the salt bridge drives electrons from one half-cell to another.

Transport of charge within the cell

In order for the cell of Figure 5 to operate, not only must there be an external electrical

circuit between the two electrodes, but the two electrolytes (the solutions) must be in contact.

The need for this can be understood by considering what happens to the two solutions as the

cell reaction proceeds. Positive charge (in the form of Zn?*) is added to the electrolyte in the

left compartment, and removed (as Cu®") from the right side, causing the solution in contact

with the zinc to acquireé a net positive charge, while a net negative charge would build up in

the solution on the copper side of the cell. These violations of electroneutrality would make it

more difficult (require more work) to introduce additional Zn** ions into the positively charged

electrolyte or for electrons to flow into right compartment where they are needed to reduce the

(pntenti al difference nbseruabh‘
but mo zignificart current can flow |

In

- Zn(NO3z)2
E—:- Znzt

BRCESS +
charge

A

Cu

Cu(NOg)z |

CuU2+ —

BHCEsS —
charge

Mo significant chemical change

Cu?* ions, thus effectively stopping the reaction after only

a minute amount has taken place.

In order to sustain the cell reaction, the charge
carried by the electrons through the external circuit must
be accompanied by a compensating transport of ions
between the two cells. This means that we must provide a
path for ions to move directly from one cell to the other.

This ionic transport involves not only the electroactive
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species Cu?* and Zn?*, but also the counterions, which in this example are NO3". Thus an
excess of Cu®" in the left compartment could be alleviated by the drift of these ions into the
right side, or equally well by diffusion of nitrate ions to the left. More detailed studies reveal
that both processes occur, and that the relative amounts of charge carried through the
solution by positive and negative ions depends on their relative mobilities, which express the
velocity with which the ions are able to make their way through the solution. Since negative
ions tend to be larger than positive ions, the latter tend to have higher mobilities and carry the

larger fraction of charge.

In the simplest cells, the barrier between the two solutions can be a porous membrane,
but for precise measurements, a more complicated arrangement, known as a salt bridge, is
used. The salt bridge consists of an intermediate compartment filled with a concentrated
solution of KCI and fitted with porous barriers at each end. The purpose of the salt bridge is to
minimize the natural potential difference, known as the junction potential, that develops (as
mentioned in the previous section) when any two phases (such as the two solutions) are in
contact. This potential difference would combine with the two half-cell potentials so as
introduce a degree of uncertainty into any measurement of the cell potential. With the salt
bridge, we have two liquid junction potentials instead of one, but they tend to cancel each

other out.
VOCABULARY PRACTICE

4. Match the highlighted words in the text with their synonyms.

extremely small

speed

outer

a larger amount of sth than is allowed or needed
maintain

exact

obtain

© N o g s w P

show
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5. Match the words with their definitions.

1 | velocity A | the driving force in a galvanic cell that pulls electrons from the
reducing agent in one compartment to the oxidizing agent in the
other

2 | mobility B | a smaller enclosed space inside something larger

3 | compartment C | the speed of something that is moving in a particular direction

4 | cell potential D | electricity that is put into a piece of electrical equipment such as a
battery

5 | charge E | the ability to move easily

6. Match the words to make collocations.

1. external a) amount

2. active b) membrane

3. relative Cc) compartment
4. porous d) measurements
5. minute e) mobilities

6. intermediate f) species

7. precise g) circuit

7. Fill in the correct word(s) from the list below. Use the word(s) only once. Find

Ukrainian equivalents to the following English word expressions.
excess, porous, occur, concentrated, mobilities,species, reaction, accompanied, charge

. toacquire anetpositive ............cc.eeeenennn.

. tosustainthecell ..........................

. toalleviatetheion ........ccooveveeveeo.....

o g0 B~ W DN PP
@
®
Q
—
=
@]
Q
Q
=
<
D

. toreveal that both processes ........................ .




7. todependonrelative ............c.cooennll.
8. the barriercanbea ............cc...oiii. membrane

9. intermediate compartment filled witha .......................... solution

8. Match the beginnings and the endings of the sentences.

. The charge carried through the external circuit must be...(.)
. Natural potential difference is the junction potential that develops...(.)

. An excess of Cu®* could be reduced...(.)

1
2
3
4. Combination of the junction potential and the two half-cell potentials ...(.)
5. The relative amount of charge carried through the solution by ions ...(.)
6. The salt bridge consists of an intermediate compartment...(.)

7. These violations of electroneutrality would require more work...(.)

a) ...accompanied by a transport of ions between two cells.

b) ...filled with a concentrated solution of KCI.

c) ...for electrons to flow into the right compartment.

d) ...depends on their relative mobility.

e) ...by diffusion of nitrate ions.

f) ...when two solutions are in contact.

g) ...brings a degree of uncertainty into the measurement of the cell potential.

9. Find English equivalents to the following Ukrainian word expressions.

HabyBaT cymapHui NO3UTUBHUI 3apsia
niaTpumMmyBaTun Xig, peakuii

HaKoONU4YyBaTUCHA B PO3YNHI

€MNeKTPOAKTUBHI YaCTUHKN

nepeMilLeHHs 3apagy

Ans GinblU TOYHUX pe3ynbTaTiB BUMIpHOBAHHSA
Lo BigOyBa€eTbCs, KON TPUBAE peakLis

3anexaTu Big BiHOCHOI pPyXSIMBOCTI IOHIB

© © N o g s wDdhP

Pi3HNLSA NOTeHUianis

10.noTpebytoTb GinbLue eHepril
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11.KiNbKiCTb 3apsaay 3anexuTb Big

10. The following sentences contain some mistakes. Find and correct them.

1.
2.

In order for the system to operate, all rules must to be observed.

This changes would make it more difficult to introduce additional ions into the positive
charged electrolyte.

The importance of this process can be understand by taking into account what

happens with substances while the reaction is proceeding.

4. Such molecules is necessary to make the reaction proceed more effectively.

5. Salt bridge provides us with two liquid junction potentials, but they tends to cancel each

other out.

SPEAKING AND WRITING

11. In groups discuss the following questions.

o r DN E

What conditions are necessary for the cell of Fig.5 to operate?

What does the ionic transport involve?

What can be used as the barrier between two solutions in the simplest cells?
What is the purpose of the salt bridge?

What ions are larger: negative or positive? What can the size of ions influence?

12. Write down the summary to the text “Transport of charge within the cell”.
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UNIT 6. ELECTRONEUTRALITY

LEAD-IN

1. You will read a text about the electroneutrality principle. Before you read

discuss the following:

1. What do electrochemical processes involve?
2. What is electroneutrality? Discribe Figure 6 on page 32.

3. What is the role of the electroneutrality principle in electrochemical processes?

2. Practice the pronunciation of the following words.

= discourage a process [dis'kArid3 8 'prouses]

= excess (n) [ik'ses], [‘ekses]

= excess (ad)) ['ekses]

= excess of charge [ik'ses av ffa:d3], [‘ekses]

= immerse a piece of metal [I'm3:s o pi:s av metal]

= cause a charge to build up ['ko:z @ "fa:d3 tu 'bildap]

= liquid phase ['likwid 'feiz]

= come to a halt [kam tu a ho:lt]

= inhibition of the process [, inhr'bif(a)n av da 'prouses]
= chemical means ['kemik(a)l 'mi:nz]

= electron acceptor [I'lektron ak'septa]

= couple something with something ['kapl 'samBin wid 'samein]
= the reaction proceeds [8a n'aek[(e)n pro'si:dz]

= copper sulfate ['kopa 'salfelt]
READING

3. Read this article and decide if the statements 1 - 7 are true (T) or false (F),

according to the text.

1. An excess of positive or negative charge in a solution leads to the inhibition of the

process of building up opposing charges in two phases (metallic and liquid).
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2. There are two ways of removing excess electrons from the metal either by using an
external circuit or by bringing an electron acceptor into contact with the electrode.

3. Itis impossible to restore electroneutrality to the two phases by immersing the zink in a
solution of copper sulfate instead of pure water.

4. The result of the electroneutrality principle is the thermodynamic work required to

separate opposite charges, or to bring similar charges into closer contact.

Electroneutrality

Nature seems to strongly discourage any process that would lead to an excess of
positive or negative charge in matter. Suppose, for example, that we immerse a piece of zinc
metal in pure water. A small number of zinc atoms go into solution as Zn ions, leaving their
electrons behind in the metal: Zn(s) — Zn** + 2e—

As this process goes on, the electrons which remain in the zinc cause a negative
charge to build up within the metal which makes [ increasingly difficult for additional positive
ions to leave the metallic phase. A similar buildup of positive charge in the liquid phase adds
to this inhibition. Very soon, therefore, the process comes to a halt, resulting in a solution in
which the concentration of Zn*" is still too low (around 10™° M) to be detected by ordinary

chemical means.(Figure 6)

Transport of zinc ions from the metal to water; the buildup of negative charge in the

metal (and positive charge in the solution) soon brings the process to a halt.

zinc metal
immersed
in water

FEEEE— Dt e e Metal

@EEEE 816

hydrated zinc ion

Figure 6: Oxidation of metallic zinc in contact with water
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There would be no build-up of opposing charges in the two phases if the excess
electrons could be removed from the metal or the positive ions consumed as the reaction
proceeds. For example, we could remove the electrons left behind in the zinc through an
external circuit that forms part of a complete electrochemical cell. Another way to remove
electrons is to bring a good electron acceptor (that is, an oxidizing agent) into contact with the
electrode. A suitable electron acceptor would be hydrogen ions; this is why acids attack many
metals. For the very active metals such as sodium, water itself is a sufficiently good electron

acceptor.

The degree of charge unbalance that is allowed produces differences in electric
potential of no more than a few volts, and corresponds to unbalances in the concentrations of
oppositely charged particles that are not chemically significant. There is nothing mysterious
about this prohibition, known as the electroneutrality principle; it is a simple consequence of
the thermodynamic work required to separate opposite charges, or to bring like charges into
closer contact. The additional work raises the free energy of the process, making i less

spontaneous.

The only way we can get the oxidation of the metal to continue is to couple it with some
other process that restores electroneutrality to the two phases. A simple way to accomplish
thi§ would be to immerse the zinc in a solution of copper sulfate instead of pure water. The
zinc metal quickly becomes covered with a black coating of finely-divided metallic copper. The
reaction is a simple oxidation-reduction process, a transfer of two electrons from the zinc to

the copper:
Zn(s) — Zn*" + 2e— Cu®" + 2e— — Cu(s)

The dissolution of the zinc is no longer inhibited by a buildup of negative charge in the
metal, because the excess electrons are removed from the zinc by copper ions that come into
contact with if. At the same time, the solution remains electrically neutral, since for each Zn

ion introduced to the solution, one Cu ion is removed. The net reaction

Zn(s) + Cu®* — Zn*" + Cu(s) quickly goes to completion.
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VOCABULARY PRACTICE

4. Match the highlighted words in the text with their synonyms.

connect

the slowing or prevention of a process, reaction
more and more

a gradual accumulation or increase

dip in a liquid

to inhibit; prevent

a method, instrument, or process

stops moving

© © N o g 0w DdhP

goes on and does not stop

5. Fill in the gaps using as, in, into, to, with. Then choose any three of the

completed phrases and make sentences to show their meaning.

1.tocome ....... ahalt;2.togo ....... complition; 3. to immerse sth ....... sth; 4. to come .......
contact ....... sth; 5. to couple sth ....... sth; 6. toresult ....... sth; 7. be covered ....... sth; 8.
correspond ....... sth; 9. known ........ :

6. Match the words to make collocations.

1. electron a) agent

2. charge b) acceptor
3. net C) particles
4. charged d) reaction
5. oxidizing €) means

6. excess f) phase

7. chemical g) unbalance
8. liguid h) electrons
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7. Fill in the correct word(s) from the list below. Use the word(s) only once. Find

Ukrainian equivalents to the following English word expressions.
detected, removed, restore, lead, build up

This process can ............. to an excess of positive or negative charge.
The concentration of Zn #*is too low to be ............. by ordinary chemical means.
............. of positive charge adds to the inhibition of the process.

P wDh P
—
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Inorderto ............. electroneutrality to the two phases we immerse the zink in a
solution of copper sulfate instead of pure water.

5. The excess electrons are ............. from the zinc by copper ions.

8. Find in the text and explain what the following underlined highlighted words

mean:

1. What word/phrase does it refer to? (...which makes [f increasingly...§2, line 2)

2. What word/phrase does it refer to? (...making i less...§4, line 7)

3. What word/phrase does this refer to? (...to accomplish fii§ would be...§5, line 3)
4

. What word/phrase does it refer to? (...that come into contact with ii...§6, line 3)

9. Fill in the gaps with words formed from the words in capitals.

According to the electroneutrality principle the bulk matter cannot have a (0)

chemically-significant (1) ............coooeiniis of positive and negative ions.

(2) oo of a metal in water can proceedtoa (3) .........cceevvevvnnnnnnn.
extent only if some means is provided for removing the excess negative charge that remains.
This can be done by electron- (4) .......ccoovviiiiieinannn. ions in solution, or by (5)

.......................... electrons out of the metal through an external circuit.

0) CHEMIST (3) MEASURE
(1) BALANCE (4) ACCEPT
(2) SOLUTION (5) DRAW
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10. Find English equivalents to the following Ukrainian word expressions.

N o g bk~ e DR

NPVBOAMTU IO HAKOMUYEHHSA HEraTMBHOIO 3apsay
nepemMiCTUTU/BMAANUTM ENEKTPOHN Yepes3 30BHILLHIN NaHLuor
BBECTW aKLENTOp efeKTPOHIB (OKUCHIOBaY)

PO34MH neHTarigpara cynsdarty migi

HaHOCWUTW TOHKO AMCreproBaHe meTanese MigHe MoKpUTTS
piBeHb gucbanaHcy 3apsgy

HaKOMUYeHHS1 NO3UTMBHOIO 3apsiAly CPUSIE YNOBINbHEHHIO NPOLECY

SPEAKING AND WRITING

11. In groups discuss the following questions.

1.

o g bk WD

What happens to the zinc electrons in the metallic phase and to the ions in the liquid
phase?

What is the cause of the opposing charges buildup in the two phases?

In what ways could the excess of electrons be removed from the metal?

Could you explain the electroneutrality principle?

In what way could we accomplish the oxidation of the metal?

Why is the dissolution of the zinc no longer inhibited by a build up of negative charge in

the metal?

12. Write down the summary to the text “Electroneutrality”.
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LEAD-IN

1. You will read a text about potential differences at interfaces. Before you read
discuss the following:
1. What kinds of reactions does electrochemistry study?
. What do we refer to charged particles?

2
3. What is the electrode process? Where does it take place? What does it produce?
4. What does Figure 7 depicts?

Inner layer with oriented water and chemisorbed anions

electron gas in metal
normal random water structure

Outer layer with excess hydrated cations
attracted by electrons in metal

Figure 7 Electric double layer at an electrode surface
2. Practice the pronunciation of the following words:

e Molecule ['molikju:l]

Molecular [ma'lekju:la]

Surface ['sa:fos]

Interface ['Intafeis]

Boundary ['‘baundari]
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e Electrode [I'lektraud]

e Electrolyte [I'lektralait]

e Lead (n) ['li:d]

e Anion [‘aenaian]

e Diameter [dai'a&emits]

e Exert[I1g'zo:t]

e Double layer [' dabl 'leig]

e Interfacial potential difference [inta'feifal pa'tenf(a)! 'diferans]

e Excess hydrated cation ['akses 'haidreitid 'kaetaian]

READING

3. Read this article and decide if the statements (1-6) are true (T) or false (F),

according to the text.

1. The electric double layer consists of external monomolecular layer of absorbed water
molecules and ions, and an internal defuse region.

2. An electrode process is a chemical reaction between the electrode and electrolyte.

3. An electrode process takes place within the double layer and produces a significant
unbalance in the electric charges of the electrode and the solution.

4. A very small voltage can produce a very large potential gradient.

5. Interfacial potentials cannot exist between any two phases in contact, in the absence of
chemical reactions.

6. Interfacial potential differences are not directly observable.

Potential Differences at Interfaces

The transition region between two phases consists of a region of charge unbalance
known as the electric double layer. As its name implies, it consists of an inner monomolecular
layer of adsorbed water molecules and ions, and an outer diffuse region that compensates for
any local charge unbalance that gradually merges into the completely random arrangement of
the bulk solution. In the case of a metal immersed in pure water, the electron fluid within the

metal causes the polar water molecules to adsorb to the surface so as to create two thin flat
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surfaces of positive and negative charge. If the water contains dissolved ions, some of the
larger (and more polarizable) anions will loosely bond (chemisorb) to the metal, creating a

negative inner layer which is compensated by an excess of cations in the outer layer.

Electrochemistry is the study of reactions in which charged patrticles (ions or electrons)
cross the interface between two phases of matter, typically a metallic phase (the electrode)
and a conductive solution, or electrolyte. A process of this kind can always be represented as
a chemical reaction and is known generally as an electrode process. Electrode processes
take place within the double layer and produce a slight unbalance in the electric charges of
the electrode and the solution. Much of the importance of electrochemistry lies in the ways
that these potential differences can be related to the thermodynamics and kinetics of
electrode reactions. In particular, manipulation of the interfacial potential difference affords an

important way of exerting external control on an electrode reaction.

The interfacial potential differences which develop in electrode-solution systems are
limited to only a few volts @t mest. This may not seem like very much until you consider that
this potential difference spans a very small distance. In the case of an electrode immersed in
a solution, this distance corresponds to the thin layer of water molecules and ions that attach
themselves to the electrode surface— normally only a few atomic diameters. Thus a very
small voltage can produce a very large potential gradient. For example, a potential difference
of one volt across a typical 10°® cm interfacial boundary amounts t a potential gradient of 100

million volts per centimeter— a very significant value indeed!

Interfacial potentials are not confined to metallic electrodes immersed in solutions; they
can in fact exist between any two phases in contact, even in the absence of chemical
reactions. In many forms of matter, they are the result of adsorption or ordered alignment of
molecules caused by non-uniform forces in the interfacial region. Thus colloidal particles in
agueous suspensions selectively adsorb a given kind of ion, positive for some colloids, and
negative for others. The resulting net electric charge prevents the particles from coming
together and merging, which they would otherwise tend to do under the influence of ordinary

Van der Waals attractions.

The usual way of measuring a potential difference between two points is to bring the

two leads of a voltmeter into contact with them. It's simple enough to touch one lead of the
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meter to a metallic electrode, but there is no way you can connect the other lead to the

solution side of the interfacial region without introducing a second electrode with its own

interfacial potential, so you would be measuring the sum of two potential differences. Thus

single electrode potentials, as they are commonly known, are not directly observable.

VOCABULARY PRACTICE

4. Match the highlighted words in the text with their synonyms.

=

© © N o o b~ 0N

totally
replaces/balances
seen/noticed
combines into

at the maximum
fasten

adds up to

small in degree

essential /important

10.little by little

5. Find in the text and explain what the following underlined highlighted words

mean:

1.
2.
3.

What word/phrase does it refer to? (As its name implies, it consists of ...§1, line 2)
What word/phrase does that refer to? (...region that compensates for...§1, line 3)
What word/phrase does that refer to? (...unbalance that gradually merges...§1, line 4)

6. Find English equivalents to the following Ukrainian word expressions.

1.

o g bk w N

Pi3HMUS (ENEKTPMUYHMX) NOTEHLIaniB
BiOCYTHICTb piBHOBaru

NPU3BOAMNTM 4O NOPYLUEHHS piBHOBAru
andpysHa 3oHa/ginsHka

OCHOBHa Maca pO34nHy

XaO0TUYHe po3TallyBaHHA (aTOMIB)
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7. 3[0IMCHIOBATU 30BHILLHIN KOHTPOSb

8. rpagieHT noteHuiany

9. MixdasHun noTeHuian/rpaHnuys

10.nepecikaTn rpaHNLI0/NOBEPXHIO PO3ainy

. Match the words with their definitions.

Interface | A | a positively charged ion; an ion that is attracted to the cathode during
electrolysis

Electrode | B | wire used to connect a piece of electrical equipment to the power supply

Electrolyte | C | the top layer of an area of water

Lead D | a positively charged ion; an ion that is attracted to the cathode during
electrolysis

Surface E | a very small piece of matter with a negative electrical charge that moves
around the nucleus (=central part) of an atom

Anion F | a small piece of metal or a wire that is used to send electricity through a
system or through a person’s body

Cation G | the surface where two things touch each other

Electron H | a liquid that allows electricity to pass through it

lon I | an atom which has been given a positive or negative force by adding or
taking away an electron
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8. Complete this table to make word families. Use a dictionary to help you.

Translate the words and their derivatives.

Verb Adjective Noun

Immerse — 3aHyptoBaT | immersible -  3aHyploBaHWR, | immersion — 3aHypeHHs
immersed - 3aHypeHui

Measure

Compensate

Charge

Conduct

Amount

9. Find Ukrainian equivalents to the following English word expressions.

=

transition region

to consist of an outer diffuse region

to compensate for any charge unbalance
random arrangement

bulk solution

be immersed in the sollution

be compensated by an excess of cations

to exert external control

© © N o g~ N

to span a small distance

10.to produce a potential gradient
11.interfacial boundary

12.to bring the leads into contact

13.to attach sth to the electrode surface
14.to have a small voltage

15.to prevent particles from merging

16.to measure a potential difference
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SPEAKING AND WRITING

10. In groups discuss the following questions.

1.

2.

What is the nature of the electric double layer?

What processes take place during the absorbtion?
Does a larger anion or cation have bigger polarization?
What properties does electrolyte possess?

Where do electrode processes take part?

What voltage has the double layer?

What is the size of the double layer?

11. Write down a summary to the text “Potential difference at interfaces”.

52



UNIT 8. ELECTRODES AND ELECTRODE REACTIONS

LEAD-IN

1. You will read a text about electrodes and electrode reactions. Before you read

discuss the following:

1. What is an electrode? What types of electrodes do you know?
2. What reactions do we refer to electrode?

3. What is an electroactive species?

2. Practice the pronunciation of the following words.

= electroactive species [r'lektrau’aektiv 'spi:[i:z]

= hydrated cation ['haidreitid 'keetaian]

= quantum-mechanical tunneling ['lkwontam mi'keenik(a)l 'tan(a)lin]
= gaseous species ['gaesios 'spi:fi:z]

= succession of steps [sak'sef(a)n av steps]

= electrode surface [I'lektroaud 's3:fis]

= coulombic forces ['ku:lomik fo:siz]

= supply of electrons [sa'plal av I'lektronz]
READING

3. Read the text and match the headings (a-d) with the correct paragraphs (1-4).

a) lon-ion electrodes. ( ) c) Electrode reactions. ( )

b) Insoluble-salt electrodes. ( ) d) Gas electrodes. ()

Electrodes and electrode reactions

1.

An electrode reaction refers to the net oxidation or reduction process that takes place
at an electrode. This reaction may take place in a single electron-transfer step, or as a
succession of two or more steps. The substances that receive and lose electrons are called
the electroactive species.
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In the example of the Zn/Cu cell we have been using, the electrode reaction involves a
metal and its hydrated cation; we call such electrodes metal-metal ion electrodes. There are a
number of other kinds of electrodes which are widely encountered in electrochemistry and

analytical chemistry.

2.

Many electrode reactions involve only ionic species, such as Fe2+ and Fe3+. If neither
of the electroactive species is a metal, some other metal must serve as a conduit for the
supply or removal of electrons from the system. In order to avoid complications that would
arise from electrode reactions involving this metal, a relatively inert substance such as
platinum is commonly used. Such a half cell would be represented as Pt(s) | Fe(aq) || and the

half-cell reaction would be Fe?*(aq) — Fe** (aq) + e’

The reaction occurs at the surface of the electrode (Fig 7 below). The electroactive ion
diffuses through the electrode surface and attaches to it by van der Waals and coulombic
forces. In doing so, the waters of hydration that are normally attached to any ionic species
must be displaced. This process is always endothermic, sometimes to such an extent that
only a small fraction of the ions be able to contact the surface closely enough to undergo
electron transfer, and the reaction will be slow. The actual electron-transfer occurs by

guantum-mechanical tunnelling.

, , This process takes place within the
2 - hydration sphere of cation
distoried by electron gas very thin interfacial region at the
at metel surface
9 electrode surface, and involves

> :

@ 1 - hydrated cation

ters double layer
@ / En

guantum-mechanical tunneling of

electrons between the electrode

metal

and the electroactive species. The

bulk solution

work required to displace the H20

+
\gp (j f‘a;m"{::ﬁ;dmr:{?:#ﬁeﬁﬁlﬁ from molecules in the hydration spheres

3 - adsorbed cation now dehydrated of the ions constitutes part of the

Bnd ready to eccept electron activation energy of the process.

Fig. 7 Electron transfer at an electrode
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3.

Some electrode reactions involve a gaseous species such as H,, O, or Cl,. Such
reactions must also be carried out on the surface of an electrochemically inert conductor such

as platinum. A typical reaction of considerable commercial importance is
Cl'(ag) — 1/2 Cly(g) + e

Similar reactions involving the oxidation of Br, or I, also take place at platinum

surfaces.

4.

A typical electrode of this kind consists of a silver wire covered with a thin coating of
silver chloride, which is insoluble in water. The electrode reaction consists in the oxidation

and reduction of the silver: AgCI(s) + e — Ag(s) + Cl'(aq)
The half cell would be represented as || CI" (aq) | AgCI (s) | Ag (s)

Although the usefulness of such an electrode may not be immediately apparent, this
kind of electrode finds very wide application in electrochemical measurements, as we shall

see later.

4. Read the text again and decide if the statements 1 - 4 are true (T) or false (F),
according to the text.
1. Electroactive spicies are substances that receive or lose electrons.
2. An electrode reaction may take place only in a single electron-transfer step.
3. Inion-ion reactions any metal can be used as a conduit for the supply or removal of
electrons from the system.
4. To diffuse through the electrode surface and attache to it the electroactive ion needs

van der Waals and coulombic forces.
VOCABULARY PRACTICE

5. Match the highlighted words in the text with their synonymous words/phrases

given in the list below.
1. happens 2. series
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3. conduit 6. liesin
4. evident; obvious 7. despite the fact that

5. is composed or made up of 8. impossible to solve

6. Fill in the gaps using as, at, for, of, in, on, to, through. Then choose any three

of the completed phrases and make sentences to show their meaning.

1. torefer ........ sth; 2. to consist ........ sth; 3. to be attached ........ sth; 4. to occur
surface of the electrode; 5. to be represented ........ sth; 6. to serve ........ a conduit
supply of electrons; 7. be widely encountered ........ electrochemistry; 8 to diffuse ...
electrode surface; 9. to find wide application ........ sth.

7. Match the words to make collocations.

1. coulombic a) conductor
2. electrode b) cation

3. gaseous C) species
4. hydrated d) chloride
5. electron e) forces

6. inert f) surface
7. silver g) transfer

8. Find English equivalents to the following Ukrainian word expressions.

a) KBaAHTOBO-MEeXaHi4YHWUI TyHenbHUIN nepexia/edekr

b) cnyryBaTtu kaHanom ansa nogadi abo BUNyYeHHs1 ENEKTPOHIB 3 cUCTEMU
C) eneKkTpoaKTUBHI eneMeHTU/ioHK

d) rigpaTtoBaHuin KaTioH

€) 3HaxoauTW LUMPOKE 3aCTOCYBaHHSA

SPEAKING AND WRITING

9. Prepare a presentation on the topic “Electrodes and electrode reactions”.

10. Write down the summary to the text “Electrodes and electrode reactions”.
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