1 INTRODUCTION AND OVERVIEW
OF ELECTRODE PROCESSES

Problem 1.1 (a). In approaching this kind of problem, it is useful to list all the couples in Table
C.1 that are relevant to the system.

E° vs. NHE (V) Reaction
1.229 0, + 487 + d4e = Hy0
1.188 Pt2t + 2e = Pt
0.340 Cu?t +2e =Cu
0.159 Cu?t +e = Cut
0.000 2H* +2e = Ha
-0.4025 Cd?* +2e = Cd

Alternatively, a graphical representation may prove useful. Here, the standard or formal potentials
for each redox couple are plotted on a potential axis. The species present in solution are underlined.
Note the reduced half of the couple is noted toward more negative potentials. The vertical line
indicates the approximate potential range where both halves of the redox couple can exist. For
electrode potentials positive of a given line, the oxidized half of the couple is stable at the electrode
surface; for electrode potentials negative of the line, the reduced form is stable. Note that forn = 1,
electrode potentials within 118 mV of E® require no less than 1% of either the oxidized or reduced

halves of the couple as given by log % = —n (E — E°) /0.059.
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The composition of the system dictates that the rest (zero current) potential be more positive than
ED .. /¢ @nd more negative than E?)z 14,0 O By /Py 1€, between about 0.34 V and 1.2 V
vs. NHE. Graphically, this is apparent because this is the voltage range over which the oxidized
(Cu®*) and reduced species (Pt or HoO) present in the solution are most adjacent on the graph.
This defines a zone of stability set by the oxidized and reduced species. (Note that the cell would
not be at equilibrium if oxidized and reduced species of two or more couples were present such that
they were on the outer sides of the lines. For example, if the solution contained Cu and Qg, there
would be a thermodynamic driving force for these species to react spontaneously to form water
and Cu?+.) Here, the potential is not well defined in a thermodynamic sense; the electrode is not
well poised, because no couple has both oxidized and reduced forms present. Calculation of the
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equilibrium potential by the Nernst equation cannot be made.

Current will flow when the potential is moved negatively from the rest potential 0.340 V (or 0.340+
(~0.2412) = 0.099 V vs. SCE) so that Cu** is reduced at the electrode surface first.

Cu?t +2e=Cu (first reduction, = 0.1 V vs. SCE)

A positive movement from the rest potential first causes significant current flow when platinum and
water are oxidized.

Pt = Pt* + 2e (first oxidations, = 1.0 V vs. SCE)
2H0 = O + 4HT + 4e

Actually, Pt would form a thin oxide film, then it would stabilize, and only the oxygen evolution
reaction would occur. The current-potential curve would look like the following.
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Problem 1.3 The important reactions are

Fed+ + ¢ = Fe?t E%=0.771 V vs. NHE
Sn+* + 2e = Sn?t E%=0.15 Vvs. NHE

(a). From (1.4.9) and n = 1, 4 = nFAmpCy = 580 pA.

(b). Because the conceniration of stannic ion is half that of ferric ion but = = 2, and the mass
transfer coefficients of the two ions are the same, the limiting current for the reduction of Snt+ is
also 580 pA. The halfwave potential, E, /9, for the ferric reduction is near E®=0.77 V vs. NHE,
whereas that for the reduction of stannic ion is near 0.15 V vs. SCE. The ¢ — E curve is as follows:
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Problem 1.5 From equation (1.2.10),

0= ECut [1-exp (557 )| 0

Area appears because Cy is expressed as capacitance per unit area. The time constant T is B,CzA.

w4

At complete charging (t — 00), goo = ET/Rs. At 95% of oo, time tg5e, is set by

Er _Er . _ _Losw
095 =% [1 exp( - (3)

This expression is rearranged 1o g5y, = 37 at 95% completeness. For the specified conditions,

R,/ | 1] 10 [ 100
7/us | 2] 207200
3r/us | 6| 60 | 600

Problem1,7 (a). From equations (1.4.9) and (1.4.17) for the limiting currents, e = “FA’“"g:;:- =

? —'ig.u ﬁAmg
So0eg = 167or 22 = 1.67-% = .833. From equation (14.15), By = E¥ - & lnte =
~0.498 V vs. NHE.
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Problem 1.9 The relationships linking current and concentration in the steady-state treatment of
mass transfer are equations (1.4.6) and {1.4.7).

i =nFAmp[ChH — Colz = 0)] (1)

i = nFAmg[Cr(x = 0) — Cg} )

Because Cp, = 0, the first of these is
i = —nFAmoColz =0) 3)

Because O does not exist in the bulk, no cathodic current can flow. All current goes to oxidize R.
The limiting rate of oxidation is found when Cr{z = 0} = 0, hence the limiting current is

4o = —nFAMpCh 4)
The system is reversible, hence,
E=E+ Rgl 22%:—0—% (5)
From equation (3),
Cole=0) = nFAizo ©)
From equations (2) and (4),
Cale = 0) = 0

Substitution of (6) and (7) into (5) gives

E=5"+ Ly

nl @)
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Note that this result is the special case of (1.4.20) for ¢; . = 0. When ¢ = 4 /2, the last term in (8)
is zero and E = Ey /5.

RT a2 R mrg

= EO."
Eire nF mo

®

The i — E curve, plotted from equation (8), resembles the following:
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Problem 1.11 (a). Starting with expression (1.4.16),
E=Ey;+ & In 4]

One solves for 1/4; as follows.

¥ (B - Eyp) =l [3]

exp (35 (B - Byp)] =27 =% -1

%
% =1+exp[3F (E - Erp)]

f=(+ep (3 (B-Bp)])”
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