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USING CHEMISTRY CASSETTES

Please read this before you start.

This Chemistry Cassette learning programme has two components — an audio-
cassette and a workbook. They are designed to be used together so make sure
that you have both of them before you start. ’

The cassette will fit any standard audio-cassette player. You will have to turn it
over to Side B when you are about half-way through the programme.

So that you can easily find material in the workbook it has been divided into
numbered sections called ‘frames’. These frames contain diagrams, tables,
problems (questions), etc. Graham and John will give you the appropriate frame
number whenever they want you to look at something in the workbook.

The programme has been designed so that you can use it either in class or on
your own. If you are working on your own you will be able to go through at your
own pace. Switch off the tape player whenever you want time to think, to write
notes, or to answer questions. Use the rewind control if there is something that
you don’t understand on a first hearing and that you want to go over again.

Every now and then you will be presented with a problem. You can either
attempt this straight away or wait until you get to the end of the tape. Each
problem is printed in a relevant frame of the workbook. All the answers are at
the end. ‘ '
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SUMMARY OF THE PROGRAMME

As with other programmes in the series, the authors’
intention is to explore major themes that Llink
several areas of chemistry. In this programme they
consider the competitions between substances in
chemical reactions and the way in which these
competition processes can be measured quantitatively.
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In any competition, different players
compete for something.

2AL + 3H,0 —> AL,0,+ 3H,
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° 1. Redox reactions

2. Acid-base reactions
3. Precipitation reactions

4. Complexing reactions

2Mg + 0, —> 2Mg2*0?~

4Na + 0, ~> 2(Na®),0%"

o —>
0, + -—> 202"

Oxidation is the loss of electrons.
Reduction is the gain of electrons.
Oxidizing agents are substances which accept electrons.

Reducing agents are substances which donate electrons.

e Examples of redox reactions

(i) The reactions of metals with non-metals
e.g. 2Na + CL, —> 2Na*cL™

(i1) The reactions of metals with water or steam
e.g. Ca + 2H,0 —> Ca2"(OH™),+ H,

(iii)The reactions of metals with acids
e.g. Mg + 2Ht —> Mg?* + H,

(iv) Reactions at the electrodes during electrolysis

e.g. during the manufacture of aluminium by
electrolysis of molten aluminium oxide

. anode (+) 3027 —> 3,0, + 6e”
cathode(-) 2AL** + e —> 2AlL

(v) Disproportionation reactions
e.g. 2Cut —> (Cu + Cu?*
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PROBL.EM 1

(a) Ca?” + 2F- —> CaF,

(b) Ca + F, —> CaF,

(c) Ca + 24,0 —> C(Ca(OH), + H,

(d) ca?* + S0~ —>» C(aSoO,

(e) CaC0, —> (a0 + CO,

(f) Cl, + 200" —> CL™ + CLO™ + H,0

0 2Na + Cl, —> 2Na'Cl”

a“’
‘_>ch-

0 3AL + 3H,0 —> (AL*T),(027), + 3H,

PROBLEM 2

(a) In the equation above, which substance is
(1) oxidized, (i) reduced,
(iii) the oxidizing agent, (iv) the reducing agent?

(b) Write the equation above as two half equations
showing the electron transfer which oceurs.

(c) which element wins the competition for electrons?

m A zinc-copper cell.

electron flow

zinc rod copper rod

Cuso, (aq)
" mole’ per dm*)

nso, (aq)
(1 mole per dm?)

filter paper soaked in
KNO ,(aq) as a salt bridge

At the Zn terminal In(s) —> In2*(aq) + 2¢*
At the Cu terminal Cuz*(aq) + 2¢e~ —> Cu(s)
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a Cell diagram for the zinc-copper cell.

in(s)

salt bridge

or porous partition

metal con- materials in

ducting contact with
terminal on metal ter=
the Left minal on Left

Zn2*(aq) | Cu?*(aq) | Cu(s) E=+1.10V

materials in metal con- cell e.n.f.{
contact with ducting i.e, potential

metal ter-

terminal on of metal

minal on right the right  terminal on

right relative
to that on the
teft (for zero
current).

Q The overall cell e.m.f developed between various
metal/metal ion half-cells and the Cu(s)/cu?*(aq)

half-cell.
Metal/metal ion Cell e.m.f. Polarity of Polarity of
half-cell t copper terminal other metal
/volts
n(s)/zn2*(aq)  +1.10 + -
Fe(s)/Fe?*(aq) +0.78 + -
Pb(s)/Pb2* (aq) +0.47 + -
Cu(s) /cu?* (aq) 0.00
Ag(s)/Ag*(ag) -0.46 - +

Ag(s) | Ag*(aq)

+ ALL the metal ijon solutions

n )
; cuz*(aq) | Cu(s) E=-0.46V

have a concentration of 1 mole dm™?*

Q Relative cell potentials.

N Ag/Ag*
4
0.46 V
Cu/Cu?*
A
Relative potential
1.10 v
v In/In?* v

PROBLEM 3

(a) What will bq'the e.m.f. of
a Zn(s)|Zn’+(aq4;Ag+(aq)|Ag(s) cell?

(b) Write half-equations for the reactions which take

place in the two half-cells of this e
: combin
current is produced. ination when a

(c) What factors, besides the metal .
will affect the e.m.f. of a cells s and ions used,

(d) Wwhy is it impossible to measure
y the elect
potential for a single half-cell? ctrode




m The standard hydrogen half-cell. C @smndard conditions for electrode potentials.

1. ALl aqueous ions at a concentration of 1 mole dm™?.
2. Any gas involved at a pressure of 1 atmosphere.

3. The temperature js 25°C (298K).
4,

Platinum is used as the electrode when the half-cell
Ha(g) at 250¢ system does not include another metal.

and 1 atm -
@ Two standard half cells.,

salt bridge

copper

salt bridge
electrode

platinized
platinum

eLectrode___i holes in glass
™ *bell’ for solution
o H,(g) to containing
Lution ] o escape 1 mole+dm"
solu : : f Cu?
containing \ ' / of Cu®*(aq)
1 mole dm-* of H*(aq) . : _
a standard Cu?¥(aq) |Cu(s) half-cell
BH,(@) == H*(aq) + e” €% = 0.00 V by definition - - ' platinum ___ salt
- electrode i bridge
solution
containing

1 mole dm™?
of both Fe**(aq)
and fFe?*(aq)

a standard Fe®*(aq) |Fe2"(aq) half-cell
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Gneasur’mg the standard electrode potential of
the Cu?”(aq) |Cu(s) half-cell.

voltmeter

electron flow

]'-—-'Hz gas at 25°9C

e

and 1 atm
copper

Lt i
electrode sa-h br1§ge

platinum
electrode

solution solution

containing , containing
1 mole dm™? 1 mole dm™?
of cu2*(aq) of H*(aq)

H, — 2H" + 2e~

Cut* + 2e~ —> Cu

@ xKeactions occurring in a zinc/hydrogen cetl.

In(s) —>» 1In2*(aq) + 2¢~ and
2H*(ag) + 2e= —> H,(g)
£®

In?*(aq) + 2~ —>» 1In(s) = =-0.76V

@ PROBLEM 4

which of (a) to (d) are true and which are false?

The statement Zn2+(aq)|Zn(s), E® = -0.76 volts means that:
(a) Zn?* jons are negative relative to Zn atoms

(b) a solution of Zn2*(aq) is 0.76 volts more negative
than a Zn electrode immersed in it

(¢) the reaction Zn?*(ag) + 2e” —> 1In(s) has a
standard electrode potential of =0.76 volts

(d) the zinc electrode of a standard Zn2*(ag) |Zn(s)
half-cell is 0.76 volts more negative than the
platinum electrode in a standard hydrogen
half-cell to which it is connected.

@Standard electrode potentials of the zinc, hydrogen
and copper half-cells.

oxidizing reducing E°
agent ~ agent /volts

increasing 4 increasing

4

Cu?*(ag) + 2 —> Cu(s) +0.34
strength of strength of
H*(aq) + e~ —> %H,(g) 0.00
oxidizing : reducing
Zn?*(aq) + 2~ —> In(s) =-0.76

agent J agent




@ Standard electrode potentials.

E%volts
strongest F,(g) + 2¢” > 2F (aqQ) weakest +2.87
oxidizing H,0,(aq) + 2H*(aq) + 2¢= —> 2H,0¢L) reducing  +1.77
agent M0 (aq) + 4H*(aq) + 3¢~ ~—> mn0,(s) + 2H,0(1) agent +1.70

2HCL0Gag) + 2H'(aq) + 2e —> ct,(aq) + 2H,0(L) +1.59

4 Mn0,(aq) + 8H*(ag) + 5¢~ —> mnt+(aq) + 4H,0C) +1.51

| cL (aq) + 2e” —> 2ct~(aq) +1.36

' s nno (s) + 4H*(aq) + 267  —> mnit(aq) + 2H,0(1) « +1.23

- er (aq) + 2e* —> 28r~(aq) ° +1.09

' % NOy(aq) + 2H*(aq) + €7 —> No,(g) + H,0C) £ +0.80

1 Ag'taq) + e~ R —> ag(s) g +0.80

tlg Fe'*(ag) + e —> Fet*(aq) 4 I +0.77

w|l2 2H*(ag) + 0,(g9) + 2e” = H,0,(aq) “l§ +0.68

2| o 1,(aq) + 2e” —> 21" (aq) of @ +0.54

=le Cu“(aq) + 2e” —> Cu(s) 3 +0.34

LAY 2H(aq) + 2e” > H,(g) 2 £ 0.00

tle Pb?*(aq) + 2e” = pb(s) 213 -0.13

: £l5 Fe'*(aq) + 2e” —> Fe(s) gls ~0.44

T In**(aq) + 2~ - (s A ~0.76

AL (aq) + 3¢~ = aus) M -1.66

weakest Mg2*(aq) + 2e” —> mg(s) strongest =2,37

) oxidizing Na'(aq) + e” —> Na(s) reducing 2.7

: agent K*(aq) + ¢* —> K(s) agent -2.92
PROBLEM 5

(a) Which of the following are acting as oxidizing
agents and which are acting as reducing agents .
in the table above?

AL, NO5, Zn2*, Mn0,, I,, H,0,, Fe?*, Mg

(b) Write the oxidizing agents in order of decreasing

strength under standard conditions.

(c) Write the reducing agents in order of decreasing
strength under standard conditions.

(d) Which of these reagents will react with I, under
‘standard conditions? Explain your answer.

@ HClCaq) —> H*(aq) + ClL (aqg)

CH,CO0H(aq) == H*(aq) + CH,C00 (aq)
ethanoic acid ethanoate ion

23

HCL(ag) + H,0(L) —> H,0+(aq) + cl-Caq)
CH,COOH(aq) + H,0C(L) == H,0%(aq) + CH,C00~(aq)

! Copper oxide and copper hydroxide as bases. -

Cuo(s) + 2H'(ag) —> Cu?*(aq) + H,0CL)
Cu(OH) ,(s) + 2H*(aq) —> Cu?*(aq) + 2H,0(L)




