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CONCERNING THE FORMAL POTENTIAL OF THE Ce(ITI) -~ Ce(IV) COUPLE IN PERCHLORIC
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| By
L 2 Zimmerman Hugus Jr, . T
Dept:, of Chemistry and Chemical Engineering, and Radiation laboratery, Univ.

of Californis, Berkeley, California,

& tecent report by Duke and Bremer (1) has attributed the observations
of Smith and Goetz (2) on the potential of Ce(III) - Ce(IV) couple in -
"peféhlérie(acid'solutions.to a decrease in the dégree of hydratioen of
| Ce(IV) with increasing perchloric acid concentration,

‘This conciusion isfthoughtvio be unnecessary and an alternative -
explanation is offered.

 The cell investigated by Smith and Goetz may be represénted as
followss R
(k) P, Ce(C104)4 (o,ozﬁﬂ);"ce(0104)4v(o,ozﬁg), HciqA'ggg%/kcl (sat'd.),

HgaCl,, Heg (with X varying from 1M to &)

>B& aséigning é singie eléctrqae potehtial tq the saturafédvégipmel
glectrode, Smith and Goeté then éalcuiated the fsingle electrode poten-
tial? of the Ce(IIi) - Ge(fV) electrode, - It is ﬁighly probable: that &
1iquid'junction patential'eXists between the perchloric acid-solution
lénd5the'séturated’potaséiﬁm chloride solution, Further, such.a liquid
junction potentlal w111 vary w1th the eoncentratlon of each of the
species present in the solutlons formlng the junctlono' In partluular,
when the perchloric acid concentratlon is varled from ;M to 8M, ome
might reasonably expect to find large varlatlons in the 11qu1d Janctlon

potential, GConsequently, an interpretation of the Ce(III) - Ce(IV)
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pqtentials given by Smith and Goetz nﬁst await an evaluation of the liquid
junction. po{‘.entials in their cells, However, additional data gi‘ven--‘bvy
Smith and Goetz\p_ermit the evaluation of the potential of a cell without
transference provided we assume that the preéence} of relatively small
(that is, 0,05M total) concentrations of Fe(II), Fe(III), Ce(III) and
Ce(IV) will not appreciably affect thé value of the perchlo__r_ic acid-
potassium chloride liquid junction,
From the "half-equivalence®™ and "twice~equivalence®™ points of the
~titration curves of ferrous perchlorate with ceric perchlorate in
various concentrations of perchloric acid gi\'renvby Smith and Goetz, one
‘méy obtain the values (given in Table I) for-"single electrode potentials",
It should be mentioned that the values of E, _a,gi'ee with those }
tgi:n‘ﬂated by Smith and Goetz from meamsurements on cell (A), This fact
shows that the presence ofa 0,02 Fe(III) in the left hand cell compart-
‘ment of cell (A) ‘has but a smail efféct on the ,liquid junction potential
in agreement with the assumption made above,
K is ﬁh,e_? "single electrode potential™ of the left electrode in the
cell ‘
(B) Pt, Fe(ClOZI_) (0,0167M), Fe(0104) (0. 0167m), Ge(ClO ) (0. 016'7M), HClOA_(xM)/
KCl(sa.t'd )5 ngclz, Hg o

By -combining,celis (4) and (B) we obtain the cell
(c) Pt, Fe (c104)2 (0,0167M), Fe(GlQL)3 (0,0167M), Ce(C10;)4 (0.0167M),
| HC10, (x) / HC10, (x}), ce(cloA)B-‘(o,ozs_M), Ce(C10,)5 (0,025H), Pt

The potentlal of thls cell is glven by the expressmn

(va

(1) Ble) = E° - °°°5914 log (f III,CLFeIII

L
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’ IR B ; o { 34 d‘ e 3
(II) = E° = 0 059]4 log -T_C;._:_M R ¥+Ce (0104)4 e Y_Fe (0104)2

Mc(;,mxvgrenz Y,, T L
_ o i—Ge(cl )3 Je(0104)3

gymgig§§“ipmﬁpe.left cell.compartment (FQII)==G%I;I) and in the right -

cg}lvcémpartmentsfce;II) =.(ce™) or EﬁeII:=“3§91II‘éndgMbeIII = Mo IV

| - 55 3
(123} E(g) = E° - 0.05914 log TxGe (104),, e rﬂ“? (¢10,)

Butb , Yice (?104)3 ° MZ‘;FG (3101‘_)3

Henee, except in the lowest concentratlon of perehlorlc acid
E(é)? given in Table I, is constant to within the accuracy.clalmeé by o
Smith and Goetz (¢0°Q1 volts), and we may conclude that the rather compli-
ggted activity product in (III) is constant over a wide range of per-

chloric acid concentrations., -

TABLE I
o N R @™ o= 54 By
1 =0,75 volts 1,70 volts —0,95 volts
2 0,72 =171 ‘ 4-0099
yA i€0°76 _ =1,75 ’ 79099
6 0084 -l - -0.98
8 ;0,89 =1,87 ~0,98

It thus appears that no special explanation of the variation of the
forméi poteﬁtial of fhe Ce(III) - Ge(IV) couple with perchlorie acid |
concentration is necessary, since the formal potential of the Fe(II) -
FE(III) couple must ‘undergo an approximately equal variatlon accordlng

to the above data9 and there is no apparent reason for bellev1ng the
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latter cgug}e_te be anoma.lous.. It thus appears that 'bhe change in the formal

potentla.l of the Ce(III) - Ce(IV) couple as obserVed by Smth e.nd Goetz is
prima.rlly due to a cha.nge in the liquid junctlon potential of the cells
used by them.. ‘

-

.This work was supported in part by the Atomic Energy. Commission.
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