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CONGERN1NG THE FORMAL POTENTIAL OF' THE CeCIII) - Ce(IV) COUPLE IN PERCHLORIC 

AGll) SOLUTIONS t. 

z' Zimmerman Hugus Jr 0 

Dept~of Chemistry and Chemical Engineering, and Radiation Laboratoryj Univo 

of California, Berkeley, Galifornia o 

A recent report by Duke' and Bremer (1) has attributed. the observations 

of Smit,handGoetz (2) on' the potential of Oe (III) = Ce{IV) couple in 

'perchloric 'acidsolutions to a decrease in the degree of hydration of 

Oe (IV ) with increasing. Perchloric acid concentration 0 

This conclusion is thought to be unnecessary and an alternatiye 

explana.tionis offered. 

The cell investigated by Smith and Goetz may be represented as 

follows: 

. (it) pt,: Oe(C104)3 (Oo025~);ce(C104)4(Oo025kJ), HCI04 (xlJIKCl (se.t Vd.),1 

(with x varying from 10M t.O 8!:!)' 

By assigning a single electrode potential to the saturated calomel 

eleotrode, Smith and Goetz then calculated the "single electrode poten~ 

tial tl1 of the Ce(III) - Ce(iv) electrode o . It is highly probable that a, 

liquid junction potential exists betweE;ln the parchloric acid solution 

arid: the saturated potassium chloride solutiono Further 9 such a liquid 

junction potential will vary with the concentration of each of the 

species present in the solutions forming the junctiono In partic."'Ular!, 

when the parahloric acid concentration is varied from ~ to 8~j one 

might reasonably expect to find large varia tiona in the liquid jounction 

potentia.lo Consequently, an interpretation of the as (III) ~ Ce (IV) 
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potentials given by Smith and Goetz must await an evaluation of the liquid 

junction, pot'9nt1als in their cells'o However~a.d~itiona.l data given by 
. . 

Smith and Goetz permit the eval.uation of the potential of a cell without 

transference provided we assume that the presence of relatively small 

(that is~ Oo05kJ total) concentrations of Fe(n), Fe(IlI), Oe(IlI) and 

Ce(IV) will not appreciably affect the value of the perchlo~ic acid-

potassium chloride,liquid junction. 

From the "half...equiva1ence" and Ittwice-equiva1ence" points of the 

.:titration curves of ferrous perchlorate with ceric perchlorate. in 

various concentrations of perch10ric acid given by Smith and Goetz., one 

, may obtain the value~ (given in Table I) for· "single electrode potentials". 

It should be mentioned that the values of E2 agree with those 

tabulated by Sm tha.nd Goetz from mea.surements on ,cell (AJ 0 This fa.ct 

shows that the presence Of'NO o02!! Fe (III) in the left, hand, cell compart.:

ment of cell (A) has but a small effect on the .liqui~ junction potential 

in agreement with the assumption made above o . ' -~. 

E:t is the.: "single electrode potential" of th~ left electrode in the 
, 

cell 

(B) pt:> Fe ( 0104)2 (00 016'71!f), Fe ( 0104) .3 (0 0 0167l:!), Oe (010 4J.3 (0 00167M), HCl04 (xJ1)// 
. , .. ,; 

By combining cells (A) and (B) we obtain the cell. 

(O)Pt, Fe(Cl04 )2 (O .. 016~), Fe(Ol04).3 (00016711), Oe(0104).3 (0.016m), 

HOI04 (xJ:1) I HOl04 (~), Oe(0104).3 ·.(Oo025~) ,Oe (0104).3 (C;> 0025H), Pt 

.~ , 

The potential of this cell is given by the expression 
.' ',. 

(I) 

. 
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?~.~:tr:~e_ ,in the left cell. compartment (Fell) ==(FeIII) and in the r~ght ' 

cell compartment (CeIII) ==, (C~:rv;) or ~eII :='t MfeIII an<t ~'CeIII == Mce1V 

But 

, , 5 ,. " 3' , 
== EO ~ 0005914 log Y±Ce(Cl04)4 0 'Y':1:Fe(C104)g 

~Ce(Cl04)3 0 Y.4±Fe(CI04)3 

(IV') E (ci) == ... E1 + E2 
Hence, exc~pt in the lowest concentration of perchloric acid .. . ~ 

E(c)' given in Table I~is constant to within the accuracy claimed by _ 

Smith and Goetz (±OoOl volts), and we may conclude that the rather compli-
, - ~. - . 

cated activity product in (III) is constant over a wide range of per-

ohlorio acid concentrations., 

TABLE I 

!.1 HCl04 El' (Fell) == (Fe)]:I) E2, (CeIII)=(CeIV) or E.(A) E 
(c) . -

l "'().75 volts .".1.70 volts -0095 volts 

2 -0072 -1071 -0 0 99 

4 -0.76 ... 1075 -0.,99 

6 -0.84 -10 82 -0098 

8 -0 0 89 -10 87 -0.,98 

It thus appears that no special'explanation of the variation of the 

formal potential of the Ce(III) - Ce(IV) couple with perchloric acid 

concentration is necessary, since the formal potential of the Fe{II) .". 

F.~ (~I:r) ,~?l:l~l~ mtlst undergo an" approxima. tely ~qual varia. ~ion , ac~or~ 

to the above data, and there is no apparent reason for believing the 
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latter poupleto be anomalous. It thus ~ppears t~t the change in the formal 
... ":'- •• , •••• ,..' •• _ ~_,~ __ ' ..... __ ~..... • •• _',' __ • ~ _ ~._ ' .... _ •• .'."_."~_" _ • _:,,_, •• W' " •••• _,." '. "'"'' ~.~~_ 

potential '.01' the Ce (III)':" Ce(lV) couple.as,~\l$~rled bi Smith and Goetz :is 
'.M"_~ __ '~":.,"'~"'", ";'" 't "'~'~ ,,- . ~. .. • ... 

prilna.rily due to a change' ill tbeliquid junctiOn potential of the cells 
'-'-~."'~" ... '"'-~ ~".~"-"" '. " 

used by them •.. 

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



-6- UCRL-1379 

Bibliography 

1,. F. R-. Duke" ~~ R. F. Bremer,AECU-1l93. 

2. G. F. Smith and C. A. Goetz, Ind. Eng. Chem., Anal. Ed.,.J:Q, 191(1938) • 

. ' 

t 


