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be estimated from the following considerations. 
Slater’ has derived the following equation from the 
equation of state for a solid a t  absolute zero and a 
Taylor’s series expansion of the Morse equation 

= !??3 + -  1 
2 3  

where re is the equilibrium distance between atoms, 
and a is the constant coefficient in the exponents of 

(7) J. C. Slater, “Introduction to  Chemical Physics,” McGraw-Hill 
Book Co., Inc., New York, N. Y.,  1939, p. 452 ff. 

the Morse equation. It is further shown7 that val- 
ues of r e  and a for several elements are about the 
same in the solid as iii the diatomic state. Values of 
y (eq. 6) for the solids agree with the values from 
the respective diatomic molecules, within 20%. 
Now if y is computed from tabulated values of a 
and r e  for diatomic oxygen, y takes the value 1.94 
which is only 5% higher than 1.84 found in these 
experiments. The magnitude and constancy of the 
y from these experiments is consistent with the 
fundamental ideas of the solid-state model. 
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Controlled potential coulometry is an effective tool in studying electrode reactions. When a primary electrode reaction 
is followed by a secondary chemical reaction which regenerates or consumes the electroactive material, the apparent number 
of faradays per mole of reactant is in general a function of experimental variables. This paper presents a mathematical 
treatment of several reaction schemes in which secondary reactions occur. A method for evaluating the true n-value &s 
well as the kinetic parameters of the secondary chemical reaction is given. 

Introduction 
Electrolysis a t  controlled potential is an ex- 

perimental technique which is widely employed in 
the study and elucidation of electrode reactions. 
Experimental determination of n, the number of 
faradays per mole of electroactive material, yields 
the data which allows prediction of the primary 
electrode reaction products. This is of particular 
importance in the treatment of organic substances 
where n may be larger than three or four. The 
principles and methodology of coiitrolled potential 
electrolysis have been thoroughly reviewed by 
Lingane. 

The interpretation of coulometric data is straight- 
forward when integral n values are obtained. 
Non-integral n values will in general be obtained 
when there are secondary chemical reactions be- 
tween the product of the electrode reaction (or 
substances derived from the primary product) 
and the original electroactive species, or when there 
are secondary chemical reactions leading to the 
regeneration of the electroactive substance. This 
paper presents a mathematical treatment for several 
of these cases. This work is inteiided to serve as a 
guide for the determination of the true n-value as 
well as for the evaluation of kinetic parameters from 
coulometric data. 

Classification.-It is convenient to classify the 
possible reaction schemes in terms of the behavior 
of the reaction product, R. The electrode reaction 
is represented as 

C & n e - + R  
where C is the electroactive material and R is the 
soluble primary product of the electrode reaction. 
It is assumed that only a single electrode reaction 
occurs, thus induced reactions are not treated here. 

(1) J. J. Lingane, “Electroanalytical Chemistry,” 2nd Ed., Inter- 
science Publishers, Inc., New York, N. Y., 1958, p. 222. 

In the reactions below, W, X, Y, and Z represent 
electrolytically inert materials. 

Case I. R Undergoes No Further Reaction.- 
This case, which is most frequently encountered, 
involves only integral values of n; the characteris- 
tics of the current-time curves have been derived 
and verified by Lingane.2 Under these circum- 
stances, R is the experimentally observed reaction 
product. 

Reaction.- 
Case 11. R Undergoes a Single Secondary 

(a) R + Z + X  
(b) R + C + Y  
(c) R + Z + C  

Case 111. R Undergoes Parallel Secondary 
Reactions.- 

(a) R + W + X  
R + Z + Y  

(b) R + C + X  
R + Z + Y  

(c) R + Y + C  
R + Z + X  

Cases IIa and IIIa are essentially identical to 
Case I, except that the final product is different 
from the primary electrode reaction product. 
Cases IIb, IIc, IIIb and IIIc are similar in that ex- 
perimental n-values will in general be lion-integral 
and dependent upon some experimental parameters 
such as ( C i ) ,  the initial concentration of electro- 
active material. Cases IIc, IIIb and IIIc are de- 
rived under the restrictive assumption of (Z) 
being large enough that d(Z)/dt 

Other cases, such as the occurrence of three paral- 
lel reactions or the formation of the reactive in- 
termediate R from a slow chemical reaction fol- 
lowing the electrode reaction, can be treated by 

0. 

(2) Ref. 1, pp. 225-229. 
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suitable modification of the procedure outlined 
below. 

Mathematical Treatment. General Considera- 
tions.-Controlled potential coulometry is usually 
performed in a stirred solution with the electrode 
maintained at a potential such that a single elec- 
trode reaction occurs. The potential of the elec- 
trode is chosen so that the rate of the reaction 
given in equation 1 

is controlled by the rate of mass transfer of C from 
the bulk of the solution to the electrode. Under 
these conditions, the rate of the reverse reaction 
is considered negligible. 

C f ne-+ R (1) 

The current i is given by equation 2 
i = nFm[(C) - (C,)] 

where F is the faraday, (C) is the concentration of 
C in the bulk of the solution, (Co) is the concentra- 
tion at the electrode surface, and m is a constant 
dependent on prevailing mass-transfer conditions. 
Under conditions of the Nernst diffusion layer 
treatmenta m is AD/6, where A is the area of the 
electrode, D is the diffusion coefficient of C, and 6 
is the thickness of the “diffusion layer.’’ More 
recent studies4 have defined m in terms of several 
hydrodynamic parameters. 

When limiting current conditions prevail, (Co) “0, 
equation 2 becomes 

(2) 

i = nFm(C) (3) 
Current, taken as a positive quantity, is related 

to the rate of consumption of C by 
i = -nFV (-F[t-) d(C) 

elec. rxn. 
(4) 

where V is the total volume of the solution and the 
minus sign is affixed because (d(C)/dt)elec. rxn. is a 
negative quantity. Combining (4) and (3) gives 
the rate of concentration change caused by the 
electrode reaction 

(9) = -p(C) 
eleo. rxn. 

(5) 

where p = m/V. 
The apparent number of electrons per mole 

napp is determined experimentally and is defined as 

p i d t  

The following assumptions have been made in 
the derivations given below-(a) the electrolysis 
solution is homogeneous except for the solution at 
the electrode surface, the “diffusion layer,” (b) 
volume of the electrolysis solution is large in com- 
parison with that of the “diffusion layer,” (e) 
where chemical equations are written, any equi- 
librium is displaced far to the right. 

Case 1Ib.-The occurrence of a single secondary 
reaction consuming C 

(7) 
kz 

R + C  & Y  
will lead to integral values of noapp when kzis either 
very large or very small. The symbol noapp refers 

(3) W. Nernst, Z. phusik. Chem., 47, 52 (1904). 
(4) See e.&, B. Levich, Acta Physicochim. U.R.S.S., 17, 257 (1942). 

to evaluation of napp at completion of the electroly- 
sis where (C) approaches zero. Similar super- 
script notation is used below for (R), (X) and (Y) 
with the same meaning. For I C z  N 0 the reaction 
is essentially identical with Case I and (RO) = 
(Ci) and noapp = n. When kz is large, (RO) 0 
and noapp. = n/2. The evaluation below is appli- 
cable for intermediate ICz values. 

The system is described by the equations5 

= -p(C) - ks(R)(C) (8) 

= p(C) - k2(R)(C) (9) 

Dividing (8) by (9) and solving for (C) with (R) 
= 0 a t  t = 0, letting kz/p = y, gives 

2 
(C) = (Ci) + (R) + 4 In 11 - d W 1  (10) 

It is convenient to evaluate napp by noting that 

i dt = nFm ( c )  &, 

From equations 9 and 11 
nFV Jot i dt = nFm $” d(R) = - - In [l - r(R)] 

R=O P - kz(R) Y 
(12) 

Substitution of (12) into (6) along with (10) 
gives 

(R) t (I3) 
2 nspp  = 2 1 - 

(R) + ; In [I - rW1 “ I  
An implicit relation for (RO) as a function of 

2 
Y 

(Ci) and y is obtained from (10). 

(no) + (Ci) = - - In  [l - r(R0)] (14a) 

A similarity was noted between the noapp-(Ci) 
dependences of Case IIb and IIIb and it was found 
that equation 14a could be approximated by 

(Ro) -In [27(Ci) + 11 
Evaluation of noapp can be done by appropriate 

combination of (13) and (14a) giving the alternate 
expressions 

( 14b) 
1 
2Y 

The approximate explicit form is 

It is evident from examination of equation 14a that 
(RO) I l/r. Equations 14a and 15a,b predict the 
expected values of noapp for very large and very small 
values of y, ie., noapp = n/2 and noapp = n, respec- 
tively. 

(5) The total rate of concentration change is of C 

Coinbination of these equations with (5) gives (8). 
derived in a similar manner. 

Equation 9 is 
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Figure 1 shows the variation of n'spp with (Ci) 
a t  several values of y. It can be seen that varia- 
tion of nospp with (Ci) will take place at  usual con- 
centrations, only when lo4 > y > 1. Considera- 
tion of the experimental noappp values allows evalua- 
tion of y. 

Evaluation of y can also be done from data for 
(RO) or (YO) as a function of (Ci) by means of 
equation 14a. 

It was not possible to obtain closed-form solu- 
tions for (C) and (R) as a function oft. Numerical 
solutions of differential equations 8 and 9 were ob- 
tained with the aid of the IBM 650 computer. 
It was found that (C)/(Ci) was a function of the 
parameters r(Ci) and p t .  Representative solu- 
tions are shown in Fig. 2.  Deviations in linearity 
of the log (C)/(Ci) us. pi! plot occur only in the early 
part of the electrolysis. 

Case 1Pc.-A single secondary reaction regenerat- 
ing C 

(16) 
k2 

R + Z + C  
is the case recently treated mathematically by 
Meites and Morosa under the assumption of a first- 
order regenerative reaction. The presentation 
below arrives a t  the same conclusions as those 
of Meites and Moros, but the results are expressed 
somewhat differently to allow comparison with the 
other three cases in this paper. The system is 
described by equations 17,18 and 19 

= -p(C) + kn(R)(Z) (17) 

(18) 

(R) (Ci) - (C) (19) 

gR) = p(C) - kz(R)(Z) dt 

For purposes of this discussion (Z) will be as- 
sumed to be present in large excess so that d(Z)/ 
dt N 0. 

Combining (17) and (19) and solving for (C) 
with the initial condition (C) = (Ci), t = 0, 
gives 

where y f  = kz(Z)/p. 

values of t 
It is evident from equation 20 that a t  large 

and hence (C) can approach zero only when p>> 
kz(Z). Thus evaluation of y f  can be done by de- 
termining (C)/(Ci) in situ when the current reaches 
a steady value. 

Solution for napp is conveniently done by combi- 
nation of (17), (19) and (11) 

It is of interest that napp is independent of (Ci), 
but is time dependent. Variation of nspp with time 
under ordinary experimental conditions will be 
noted only when y' 2 0.1. 

Case 1IIb.-This case concerns the parallel com- 
petitive secondary reactions 
(6) L. Meibea and 8. A. Moros, Anal. Chem., 31, 23 (1959). 

n 
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Fig. 1.-Case IIb: dependence of apparent number of 
faradays per mole, noapp vs. logarithm (Ci); data for various 
values of y, liter mole-'. 
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Fig. ?,.--Case IIb: variation of -log (C)/(Ci) vs. p l  plot 
with variation of y (Ci). Values of y (Ci) given on plot. 

R + C + X  (23) 

(24) R + Z + Y  

(25) 

dt P(C) - kz(C)(R) - k 3 ( Z ) ( W  (26) 

k2 

ka 

and is described by equations 25 and 26 
d o  E dt -p(c) - k2(C)(R) 

d(R) - 

Assuming the concentration of Z is so large that 
it remains essentially constant throughout the 
reaction, and making the stationary state assump- 
tion d(R)/dt N 0 

where IC3' = k3(Z). 
Introducing (27) into (25) and solving for (C) 

under the initial conditions (C) = (C,) a t  t = 0, 
gives 

[K(Ci) 4- (KP(Ci)* 4- ( C i )  e --2pt 

= 2K(ci) + 1 
[2K(Ci) 4- l ] e a p t ) ' / ~ ]  (28) 

where IC = kz/k3'.  



1060 DAVID H. GESKE AND ALLEN J. BARD Vol. 63 

0 1 .o 2.0 3.0 
Pt. 

Fig. 3.-Case IIIb; variation of -log (C)/(Ci) us. pt plot 
with variation of K(Ci). Values of K(Ci) given on plot. 

0 1 2 3 4 5 6 7 8  
Pt. 

Fig, 4.-Case IIIc: numerical computation of -log (C) /  
(Ci) us. pt: 1, (Ci) = 4 mM, (Yi) = 8 mM, K’ = 1000 liter 
mole-’; 2, (Ci) = 10 mM, (Yi) = 10 mM, K’ = 1000 liter 
mole-’; 3, (Ci) = 1 mM, (Yi) = 2 mM, K‘ = 1000 liter 
mole-’; 4, (Ci) = 8 mM (Yi) = 16 mM, K’ = 100 liter 
mole-’; 5,  (Ci) = 2 mM, (Yi) = 4 mM, K‘ = 100 liter 
mole-’; 6, K’ = 0. 

The current decay follows the expression [from 
(3) and (28) 1 

. ~. . 
[2K(Ci) + l]eZPt]*/~] (29) 

This expression can be compared with the equiva- 
lent expression for case I2 

i = nFm(Ci)e-pt (30) 
As K + 0, (Case Ha), equation 29 becomes iden- 

As K approaches infinity, equation 

i = nFm(Ci)e-ZPb (31) 

tical with (30). 
29 becomes 

since C reacts with R as soon as it is formed. 
Figure 3 shows typical current-time curves for 

this case. For K(Ci) values larger than approxi- 
mately twenty, a log [(C)/(Ci)] VS. t plot is not use- 
ful in evaluating K. In  the suitable range of 
values K can be evaluated from current-time data 

and independent evaluation of p by appropriate 
solution of ea. 29. 

Solution for nap* is done by combination of (25), 
(27) and (11) 

(32) 

In [2K(Ci) 4- 111 (33) 

and 
1 

noaPP = n jz+m 
It can be seen that n’app = n at K = 0, and noapp 

= n/2 as K -t m, as would be expected from the re- 
action scheme. 

The variation of noapp with (Ci) is approximately 
the same as that shown in Fig. 1 for Case IIIb, 
where K values in liter mole-’ are substituted for 
values of y. Variation of noapp with (Ci) takes place 
a t  usual concentrations only when K > 1 liter mole-’. 

At the completion of the electrolysis the con- 
centrations of X and Y are 

(XO) = (2K(Ci) - In [2K(Ci) + I ] ]  (34) 4K 

(35) 
1 (Yo) = -1n [2K(ci) f 11 2K 

Experimental determination of these quantities 
provides an alternate method of evaluating K. 

The stationary state assumption used in the 
treatment requires that (R) be very small a t  all 
times, or that 

k?(C) + ka’ >> P(C) 
Thus the range of lez and IC3‘ that can be examined us- 
ing this derivation depends upon the experimental 
choice of p .  

Case 1IIc.-The “catalytic” reaction scheme 

(36) 

kz 

ka 
R + Y + C  (37) 

R + Z - - - t X  (38) 
is described by the equations 

(39) d(C) - dt -p(C) + kz(R)(Y) 

- =  d$’ p(C) - kdR)(Y) - ka’(R) (40) 

-kdR)(Y) (41) d(Y) - 
dt - 

where IC,’ = IC3(Z), Le. ,  Z is present in much larger 
quantity than C or Y .  

Writing the stationary state approximation for 
(R), ie., d(R)/dt 0 1 

substituting it into (39) and (41) and solving the 
two equations gives 

(43) 

where (Yi) is the initial concentration of Y.  
It is not possible to obtain an explicit expression 

for (C) as a function of time. Numerical compu- 
tation for a number of cases, Fig. 4, showed that 
(C)/(Ci) is a function of pt ,  (Yi), (Ci), and K‘, 
where K’ = k2 /k3’ .  It is seen from Fig. 4 that in 
all cases the slope of the log (C)/(Ci) us. pt  plot is 
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smaller than when no catalytic regeneration occurs. 
Evaluation of nitPP is done by substitutillg (42) 

into (AI), integrating, and substituting into (11). 
The resulting expression is substituted into ( G )  
along with (43) to give 

n [ ( ~ i )  - (Y) + 7 In = (yi)l (y) (44) 
1 0.) naPp = 
- 
IC‘ In (y) 

At the completion of the electrolysis where (C) 
approaches zero, evaluation of (YO) from (43) 
and substitution into (44) gives 

norpp = n 

depicted in Fig. 5 .  

+ cci, ( Y . )  [I - e-~’(ci)]  1 (45) 

The dependence of nortpp on (Yi)/(Ci) and K’ is 

If (YJ is large in comparison to (Ci) 

where lie’ = k2(Yi) and K ”  = k2’//i3’, then 
(C) = (CJe-PU(K”4-1)  (46) 

(47) noapp = ( K ”  + 1)n 

Discussion 
,4t first examination the reaction schemes for 

Cases IIb and IIIb appear highly unlikely. It is 
indeed true that the limitation of electrolytic 
inertness imposed 011 W, X, Y, 2 suggests that the 
indicated reaction schemes will be found only 
infrequently. Most frequent application of the 
derivations for Cases I Ib  and IIIb probably can be 
made to organic species, for instance in a coupling 
reaction between R and C. In  this case the oxi- 
dation (or reduction) of the product of the second- 
ary reaction could well occur a t  a more oxidizing 
(or reducing) potential than the primary electrode 
reaction. This present paper was prompted by 
an experimental study of the electro-oxidation of 
the tetraphenylborate ion in acetonitrile, an 
example of Case IIb.’ 

The variation of n-values for the reduction of 
picric acid with initial concentration8 may be an 
example of Case IIb or IIIb. Meites and Meites 
suggest that the dependence of n on the original 
concentration of picric acid is caused by a competi- 
tion between further electroreduction of a partially 
reduced intermediate and a chemical rearrange- 
ment of the intermediate. The data also could be 
explained in terms of Case IIb 01’ IIIb. Numerous 
examples of catalytic electrode reactions, cor- 
responding to case IIc or IIIc have been investi- 
gated by polarographic  technique^.^ For example, 
in the presence of hydroxylamine, titanium(III), 
from the electroreduction of titanium(IV), is 
chemically oxidized to titanium(1V) by hydroxyl- 
amine. Moros and Meitesl’ made a coulometric 
study of the reduction of manganese(I1) to man- 
gaiiese(1) in cyanide media and concluded that 
water was reduced by manganese(I), a11 example of 
case IIc. These same authors6 report evidence 
showing that the reduction of vanadium(1V) to 
vanadium(I1) involves catalytic currents or in- 
duced currents or both. 

(7) D. H. Geske, THIB JOURNAL, 62, 1062 (1950). 
(8) L. Meites and T. Meites, Anal.  Chem., 28, 103 (1956). 
(9) P. Delahay, “New Instrumental Methods in Electrochemistty.” 

(10) S. A .  Moros  and L. RIeites, unpublished, see ref. G .  
Interscience Publishers, Inc., New York, N. Y., 1954, p .  108 ff. 

4n 

3n 

i 
B 

“e 

2n 

n 

0 2 4  6 8 1 0  
(Ci). 

Fig. 5.-Case JIIc: dependence of noppp on (Yi)/(Ci) and K’. 

The preceding treatment points to three alternate 
methods for determining kinetic rate constants 
(or ratios of rate constants) of the secondary 
chemical reactions. The three types of useful 
information are current-time data, variation of 
noapp with (Ci) or t ,  and quantitative analysis of the 
solution. Selection of the most appropriate method 
will depend on the peculiar characteristics of each 
case. In cases I Ib  and IIIb the true n-value may 
be evaluated directly by extrapolation of n’app data 
to low (Ci), or by extrapolation of n’app values to 
high (Ci) values where noapp = n/2. In case IIc 
an extrapolation of napp to zero time gives the true 
n-value, while in case IIIc, noapp is obtained by 
extrapolation to zero (Ci). 

The range of values of rate constants accessible 
for evaluation by methods indicated above de- 
pends upon the particular case. In  case IIb the 
range is dependent on the value of p ,  which would 
ordinarily range from lo-’ to sec.-l, hence 
limiting IC2 to 10-4 to lo3 liter mole-’ sec.-l. 
For case IIIb the ratio of rate constants I< could 
be obtained over the range 1 to lo4 from n’app- 
(Ci) data. 

Whereas treatment of catalytic cases by voltam- 
metric techniques is feasible for values of b ( Z )  
larger than 0.1 sec.-l, controlled potential coulom- 
etry is concerned with somewhat slower catalytic 
reactions. In case IIc, y’ can range from ap- 
proximately lo-’ to 10, thus giving a range of 
IC2@) of to 1 sec.-l. 

The accessible range of K’ values for case IIIc 
depends on (Yi). Since K’ is a ratio of rate con- 
stants, independent measurement of one of the 
constants is necessary for absolute evaluation of 
the other. 

Single secondary reactions too rapid for treat- 
ment by cases IIb and IIc may be made acces- 
sible by purposely introducing a competing parallel 
reaction and treating the system by case IIIb or 
IIIc. 

Experimental elucidation of an electrode reaction 
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where secondary reactions occur certainly must 
include solution analysis. Clearly, the electro- 
chemical data are extremely useful and in certain 
circumstances may furnish kinetic data which 
otherwise would be difficult t o  obtain. It should 
be noted that where some estimate of diffusion 
coefficient is available the true n-value for a re- 
action may be obtained from polarographic and 
chronopotentiometric data. Since noapp is dependent 
on p a t  a particular ( C i )  value in cases I Ib  and IIc 
and is independent of p for cases IIIb and IIIc an 
experimental means is a t  hand for distinguishing 
parallel and single secondary reactions. 

This treatment has assumed that limiting current 
conditions are in force at the electrode throughout 
the electrolysis. Thus potentiostats whose volt- 
age output is so inadequate that limiting current 
conditions are not attained until the electrolysis 
has proceeded for some time, cannot be used in an 
experimental study based on the mathematical 
expressions derived above. 

The expressions derived can be applied with 
minor modifications to millicoulometric determi- 
nations," where only a part of the electroactive 

material is consumed. 
Non-integral n-values alone are not a sufficient 

condition for concluding that the case under con- 
sideration is one of the cases discussed here. 
Higher order secondary reactions, induced re- 
actions,6 competing secondary electrode reactions 
or other complex reaction schemes can also result 
in non-integral n-values. For example, Lanaa, 
et a1.,12 report an n of 1.26 in the millicoulometric 
reduction of phenyl and benzyl thiocyanate. The 
postulated reaction scheme was .. 

RSCN + e -+ RS. + CN- 
RS. + '/zHg -+ '/zHg(RS)z 

l/zHg(RS)z + e- + '/2Hg + RS- 
The n-value was explained by the authors as caused 
by the loss of mercuric mercaptide through diffusion 
away from the dropping mercury electrode. 

Acknowledgment.-The authors are grateful to 
Dr. Gordon Goodman for his assistance in com- 
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(11) R. D. Weaver and G. C. Whitnack, Anal. Chim. Acta, IS, 51 

(12) P. L a n ~ a ,  L. Griggia and G. Semerano, Ricer. Sci. ,  26,  S 230 
(1958). 
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Voltammetric and chronopotentiometric studies with platinum electrodes have shown that tetraphenylborate ion in aceto- 
nitrile solution undergoes a two-electron oxidation. Controlled potential coulometric data for noapp, the apparent number 
of faradays per mole, varied from 1.02 to 1.8 over the concentration range 1.0 x 10-2 to 8.9 x lO-5M. This variation 
indicated that a secondary chemical process was consuming tetraphenylborate ion. A reaction scheme is pro osed in 
which the products of the primary electrode process are biphenyl and diphenylboronium ion. A secondar reactiongetween 
tetraphenylborate ion and hydrogen ion, which is generated by reaction of diphenylboronium ion with txe solvent system, 
produces benzene and triphenylboron. Solution analysis data are presented in support of the proposed reaction scheme. 
Reasonable agreement was found between the experimental dependence of noapl, on the concentration of tetraphenylborate 
ion and that calculated on basis of the rate of the secondary reaction and the electrode parameter. 

In  the decade since the preparation of lithium 
tetraphenylborate by Wittig, et aL,l a voluminous 
literature has accumulated on the chemistry of 
the tetraphenylborate ion (TPB). Nearly two 
hundred literature references are listed in recent 
bibliographies.2 The bulk of the work has been 
concerned with application of TPB as an analytical 
reagent for various cations, including potassium. 

This present study was prompted by the observa- 
tion that TPB could be electrolytically oxidized 
a t  a platinum electrode in anhydrous acetic acid, 
N,N-dimethylformamide and acetonitrile. , The 
work reported below was done employing aceto- 
nitrile as solvent. 

A number of preliminary studies of the homo- 
geneous chemical oxidation of TPB have been made 
under diverse conditions. The reaction 
(1) G. Wittig, G. Keicher, A. Rflckert and P. Rafl, Ann., 668, 110 

(1949). 
(2) A. J. Barnard, Jr., Chemist-Analyst, 44, 104 (1955); 46, 110 

(1950): A. J. Barnard, Jr., and H. BUechl, ibid.. 46, 16 (1957); 47, 46 
(19581. 

2LiB(CeH& + 2 c u c 1 ~  + 
2CuC1 + PIC1  + 2B(CeH& + (CeH6) 

has been reported in ether solution.8 Spier4 de- 
veloped an oxidimetric method for determination 
of potassium in which precipitated potassium TPB 
was treated with acidic ceric ammonium nitrate 
at 92'. One mole of potassium TPB consumed 
72 equivalents of ceric ion, whereas total oxidation 
of TPB to boric acid, carbon dioxide and water 
would require 120 equivalents. Razuvaev and 
Brilkina6 heated anhydrous ferric chloride and 
potassium TPB in acetone "on the water-bath" for 
30 minutes, On basis of the analysis of the reaction 
mixture, this reaction scheme was suggested 
LiB(C8Hs)r + 3FeCla + 

Licl + CeH6BC12 + 3FeCl~ + (CeH6)Z + 'CE& 
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