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stant kt. The following relationship recently 
derived9 will be applied 

(fer)h= (r)HA '/^/A' ,• / ')^ ,. , ' (12) 

By combining (11) and (12) one obtains 

. r mK'/nc.D. n,r. 

Equation (13) can be simplified by introducing 
the value kr = 5.3 X 1013 (moles per cm.3) - 1 sec."1 

calculated in the previous section, and the approxi­
mate value DHA = 0.6 X 10""cm.2sec. '. 

Thus after numerical transformations 

A C H 1 O + = - ;>.S X K) , , i H ) 

From (14) one calculates a relative variation in 
the concentration uf hydronium ions at the surface 
of the electrode 

(ACH1O'),, = -5.8 X l<>-» -'"'?^r" (IT.) 

which is expressed in per cent, of concentration 
CH3O+. 

Values of ( A C H 1 O + H obtained from (15) are by 
no means negligible when HA is a very weak acid. 
Consider for example the following case: m = n, 
K = 10~12 mole per cm.3, i.e., K = 10~9 mole per 
liter, CHA = 1O-"4 mole per cm.3; under these condi­
tions (AC1HaO+) % is equal to —580 J'C.D. per cent, of 
CH1O. If *'C.D. is^for example 10~"2 amp. cm.-2—-
a fairly low current density in electrolysis— 
(ACH 1 O 1 )^ is 5.80%. Even larger errors would be 
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Introduction 
In previous publications1-"3 from this Laboratory 

the theory of polarographic currents controlled by 
diffusion and by the rate of an heterogeneous re­
action was developed and applied to various elec­
trode processes. This theory is applicable to cases 
in which the chemical process, partially controlling 
the current, occurs essentially at the surface of the 
electrode. This condition is fulfilled for many so-
called kinetic waves, but there are cases in which the 
current is controlled by diffusion and by the rate of 
a reaction occurring at the surface of the electrode 
and in the vicinity of the electrode. The theory 
of these so-called catalytic currents is developed in 

(1) P . D e l a h a y , T H I S J O U R N A L , TS, 4944 (1951). 
(2) P. D e l a h a y a n d J. E. S t r a s sne r , ibid., 7 3 , 5219 (1951). 
(3) P. De l ahay and T. J. A d a m s , ibid., 74, 1437 (1952). 

obtained for lower values of the dissociation con­
stant K. It should be emphasized that the in­
fluence of concentration polarization of HA or 
A - was not taken into account in the present treat­
ment, and consequently that even larger errors than 
these calculated from (15) could possibly be ob­
served. 

In the case of polarographic electrolyses the 
current densities are of the order of 1O-3 to 1O-6 

amp. cm.2 and the resulting (ACHSO+)% is negligible 
(see (15)). 

From the present treatment it is not possible to 
decide whether the hydronium ion concentration 
actually varies at the electrode surface. But, it 
can be concluded that if the pH does not vary at the 
electrode surface as predicted from (15) it is likely 
that dissociation of acid HA does not precede the 
electrode process, and that molecules of HA are 
directly consumed in the electrode process. Dis­
sociation would then occur in some subsequent 
step of the electrode process. On the other hand, 
if undissociated molecules of HA are not directly 
used in the electrode process, one can predict on the 
basis of equation (15) that the pH at the electrode 
surface is different from that in solution. The 
difference in pH is appreciable (see above) when HA 
is very weak (K = 10~9 mole per liter) and the 
current density is not too low (IO"2 amp. cm.""2 

or above). 
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the present paper for cases in which the regenera­
tion process is a second order reaction. 

The nature of catalytic polarographic currents 
can be explained by considering an electrode proc­
ess in which a substance A is reduced to another 
substance B at the dropping mercury electrode 
(reaction (I)). The solution also contains a 
substance Z which is not reduced at the dropping 
mercury electrode at the potential at which the 
limiting' current for A is observed. 

A electrode ( 1 i 
I >-B 

process 
i 

B -1- Z > A (2) 

Furthermore, Z reacts with B to regenerate sub­
stance A (reaction (2)). Because of this "cat-
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alytic" effect of substance Z the limiting current 
corresponding to reaction (1) is increased when Z 
is present in solution. The increase in current is 
determined by the kinetics of reaction (2) and by 
the diffusion processes of substances A, B and Z. 

Various catalytic waves of this type have been 
reported. Hydrogen peroxide causes a large 
increase in the limiting currents of ferric ion,4 

and of peroxy-compounds of molybdenum, tung­
sten and vanadium.6 Proteins containing a sulf-
hydryl group yield catalytic waves which have been 
explained by a mechanism involving reactions of the 
type represented by equations (1) and (2).6 Fi­
nally, various alkaloids are known to give catalytic 
waves which can be explained similarly.7 

In a slightly different type of catalytic wave, 
substance B produced in the electrode process 
(equation (I)) reacts with Z to give a substance 
P which is not reduced at the potential at which the 
limiting current of A is observed. Under these 
conditions the limiting current for reaction (1) 
is not affected by the formation of P, but the 
latter substance may in some cases yield a wave at 
more negative potentials. Catalytic waves of this 
type have been observed in the reduction of oxygen 
in presence of various substances such as hemoglo­
bin8 and carbonic acid.9 

Thus far the only theoretical treatment of cat­
alytic polarographic currents was reported by 
Brdicka and Wiesner.10 The theory proposed by 
these authors does not take into account quantita­
tively the diffusion phenomena occurring at the 
dropping mercury electrode. As a result, rate 
constants for reaction (2) one calculates on the 
basis of this theory are about 10* too high as 
pointed out by Kolthoff and Parry.4 Other fea­
tures of catalytic waves such as the decrease in 
current resulting from an increase in the head 
of mercury also cannot be explained on the basis of 
the theory of Brdicka and Wiesner. A more 
rigorous treatment accounting quantitatively for 
the properties of catalytic currents is reported in the 
present paper. The theory is developed for cat­
alytic currents of the first type described by re­
actions (1) and (2), but the treatment is also 
applicable to the case in which a new wave results 
from the catalytic process (substance P mentioned 
above). 

Case of Linear Diffusion 

Equation for Concentration CK-—Consider a 
plane electrode at which a substance A is reduced to 
substance B by a process which is assumed to be 
instantaneous (reaction (I)). The change of con­
centration between two planes at the distance x and 
x + dx from the electrode is the sum of the follow­
ing two terms: (1) The difference in the flux of 

(4) I M. Kolthoff and E. P. Parry, T H I S JOURNAL, 73, 3728 (19.r)l), 
(5) I. M. Kolthoff and E. P. Parry, ibid., T3, 5315 (1951). 
(6) For the very abundant literature on this subject, see I. M. Kolt­

hoff and J. J. Lingane, "Polarography," Interscience Publishers, Inc., 
New York, N. Y., 1941, pp. 405-420. 

(7) See for example, H. F. W. Kirkpatrick, Quart, J. Pharm. Pharma­
col., 18, 245, 338 (194S); 19, 8, 127, 526 (1946); 20, 87 (1947). 

(8) R. Brdicka and C. Tropp, Biochtm. £.,S89, 301 (1936). See also 
ref. 6. 

(9) P. Van Rysselberghe, it al., J. Phys. Ckim., 54, 754 (1950). 
(10) R, Brdicka and K. Wiesner, Collection Czichoslov. Chtm. Com-

muns., H , 39 (1947). 

substance A at x and x + dx; (2) The change in 
concentration caused by regeneration of substance 
A by reaction (2). The first term is calculated in 
the theory of linear diffusion,11 and is equal to the 
product of d2CA/dx2 by the diffusion coefficient 
DA. of substance A. The second term depends on 
the kinetics of reaction (2) according to the follow­
ing equation which is written by assuming the 
activity coefficients of the substances involved to be 
equal to unity 

bCx/dt = kCB Cz - KCx (3) 
In equation (3), t is the time elapsed since the 
beginning of the electrolysis, the Cs are the concen­
trations in moles per cm.8, k is the rate constant for 
the forward process in sec. - 1 (moles per cm.3)"1 

and &D is the rate constant for the backward re­
action in sec."1. In subsequent calculations it will 
be assumed that kb is much smaller than k, and 
consequently the term kbC^ will be deleted. 

The total change in concentration is 

^r = Dk -5* +kCBCz (4) 

It will be assumed in the derivation that the 
concentration of substance Z is sufficiently high and 
consequently that Cz is independent of x and t. 
The relationship between CA and CB is obtained by 
applying Duhamel's theorem.12 In problems of 
linear diffusion one obtains 

CB = ( ^ ) V A - CA) (5) 

in which Cl is the bulk concentration of A, and 
the D's are the diffusion coefficients. 

The combination of (4) and (5) yields the differ­
ential equation for concentration CA 

In general the diffusion coefficients DA and DB 
are not very different and consequently the ratio 
DA./D% will be assumed to be equal to unity in 
further calculations. 

Variations of Concentration CA.—By introducing the 
variable u denned by 

U = C l - CA (7) 

equation (6) is transformed into 

Equations (6) and (8) should be solved for the following 
initial and boundary conditions: for t = 0, CA = CA and u 
= 0; for * > 0 and * = 0, CA = 0 and a = Cl. Equation 
(8) can be solved by different methods13 among which is the 
Laplace transformation. The latter method will be applied 
here. From tables,14 one obtains the following Laplace 
transform of equation (8) 

d2« s + kCz - „ ,n> 

d S ~ —DZ~ U = n ( 9 ) 

which is to be solved for u — Cl/s at x = 0. Thus 

u_ = y exp L _ * K—DT~) J (10) 

(11) See ref. 6, p. 18. 
(12) H. S. Carslaw and J. C. Jaeger, "Conduction of Heat in Solids," 

Oxford University Press, Oxford, 1947, p. 57. 
(13) See ref. 12, p. 00. 
(14) R. V. Churchill, "Modern Operational Mathematics in Engi­

neering," McGraw-Hill Book Co., Inc., New York, N. Y., 1944, pp 
295-302. See also ref. 12, p. 2fl9. 



3502 P A U L DELAHAY AND G E O R G E L. S T I E H L Vol. 74 

The corresponding function « can be obtained from table 
of transforms,14 and after returning to the variable CA one 
obtains the concentration CA as a function of x and t 

in which the notation erfc (£) represents the complement of 
the error function as defined by 

2 H 
erfc (I) = 1 - - 7 exp (-z2)dz (12) 

r ''Jo 
The value of CA from equation (11) was plotted against * 

in Fig. 1 for the following data: C? = 10~6 mole per cm.3, 
£>A = 1O-6 cm.2 sec.-1, Cz = KT3 mole per cm.3, t = 10 
sec. The various curves correspond to values of the rate 
constant k from 0 to 1000 sec. -1 (moles per cm.1)-1. This 
diagram shows that the decrease of concentration CA is less 
pronounced when there is regeneration by reaction (2). 
When k is smaller than 10 sec. -1 (moles per cm.3)-1, the 
catalytic effect is negligible after 10 seconds. 

0 5 IO 15 20 
Distance from el«ctrod«(IO''mm) 

Fig. 1.—Variations of concentration CA with the distance 
from the electrode. Number on each curve is the value of 
rate constant k in sec. -1 (moles per cm.3)-1. Concentra­
tions after 10 sec. are in 10 -s mole per cm.3 (instead of 10 - i 

mole per liter as indicated on diagram). 

By introducing k = 0 in equation (11) it can be seen that 
the resulting value of CA is identical with that obtained in 
the theory of simple linear diffusion.11 This is to be ex­
pected since there is no catalytic effect. On the other hand 
when k is infinite one obtains CA = CA after expanding16 

the error integrals in (11). This is to be expected since for 
k = a=, substance A is regenerated as soon as it is consumed. 

Variations of Current.—The current is obtained 
by multiplying the flux a t the electrode surface 
by the charge involved in the reduction of one mole 
of substance A. The flux is the product of the 
diffusion coefficient Dx by the gradient of concen­
tration (SCAZSX)x-o which is obtained by dif­
ferentiating (11) with regard to x and introducing 

(15) B. O. Pierce, "A Short Table of Integrals," Ginn and Company, 
New York, N. Y., 1929, p. 120. 

x = 0 in the resulting equation. Noticing t ha t erf 
( — £) = — erf((•) one obtains after transformations 

i = nFADxV>Cl\(kCzy/'trf l(kCzty/>] + 

exp (-kCzt)\ . . 
""OrTjVT "J ^3' 

in which n is the number of electrons involved in 
the electrode process, F the faraday, A the area of 
the electrode in cm.2, and the notation erf (£) 
represents the error integral 

erf(t) = A f { e x p ( - 2 ' ) d Z (14) 

When k = 0, equation (13) is identical with the 
equation for a current controlled by simple linear 
diffusion.11 When k = oo equation (13) yields an 
infinite current. This is to be expected since it was 
assumed t h a t concentration Cz a t the surface of the 
electrode is the same as in the bulk of the solution. 
Actually for k = <*, one should take into account 
the decrease in Cz a t the surface of the electrode, 
bu t this decrease was neglected in the present 
t reatment . 

As an example, the current i given by (13) is 
plotted against t ime in Fig. 2 for the following da ta : 
n = 1, A = 1 cm.2, DK = 1O -6 cm.2 sec."1 , Cl = 
1 0 - 5 mole per cm.3, Cz = 1O - 3 mole per cm.3; 
and for values of k from 0 to 1000 s e c . - 1 (moles per 
c m . 3 ) - 1 . Figure 2 shows t h a t because of the cat­
alytic effect the current decreases less rapidly than 
in the case of simple diffusion. In the present case, 
the catalytic effect is noticeable when k is larger 
than 10 s ec . - 1 (moles per c m . 3 ) - 1 . 

O l i i i i 1 

0 2 4 6 8 IO 
Tim* (MC). 

Fig. 2.—Variations of current (equation (13)) with time. 
Number on each curve is the value of rate constant k in 
sec.-1 (moles per cm.3)-1. 

Case of the Dropping Mercury Electrode 

Instantaneous Total Current.—In principle, cata­
lytic polarographic currents could be calculated by 
following the method applied in the previous 
section and by using the corresponding equations 
of spherical diffusion. However, the mathematical 
t rea tment would be arduous, and it is much simpler 
to apply the following method. When the ra te 
constant is equal to zero, equation (13) is identical 
to the Ilkovic equation provided t h a t the right-

C A - C H 

1 -1 °» [- * ( f Y'] « * [ » • - (*C*)V'] 
, e x p K£)"] erfc 

L2(D\ty/> + (kCzty/'~j 
} ( I D 
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hand side of (13) be multiplied by (7/3) 1A. This is 
the factor which was used by Ilkovic to adjust the 
results of linear diffusion to the case of the dropping 
mercury electrode.16 B y using the same factor in 
the case of a ra te constant different from zero, and 
replacing the area A by its value calculated in 
terms of the characteristics of the capillary, one 
obtains after numerical transformations 

it = 1.255 X Wnm'M'/'DxVtCi X 

j (ACz)1A erf [(ACzO1A] + e X P
(
( J ) v, C z < ) j (15) 

in which it is in microamperes, m is the ra te of flow 
of mercury in mg. sec . - 1 , t the t ime in sec. of the 
drop life a t which the current is measured, DA 
the diffusion coefficient in cm.2 sec . - 1 , k the ra te 
constant in s e c . - 1 (moles per l i t e r ) - 1 for the forward 
reaction (2), and C i and Cz the concentrations of A 
and Z in moles per liter. 

Separation of Diffusion and Catalytic Currents .— 
I t is interesting for further discussion to separate 
the current given by equation (15) into the cata­
lyt ic current due to reaction (2) and the limiting cur­
rent which is observed when substance Z is not 
present. By subtract ing the lat ter current— 
as given by the Ilkovic equation—from equation 
(15) one obtains the instantaneous catalytic current 
ic. T h u s 

«, = 1.255 X 10« nm'/'l'/'DS/'CxUkCzy/'ert [(ACzO1A]-

(16) 
1 - exp(-ACzQ 

(irty/i 

in which the uni ts are the same as in equation (15). 
Average Catalytic Current and Determination of 

k from Experimental Currents .—The average 
catalytic current during the drop life r can be 
writ ten in the abridged form 

(»„)„ = 1.255 X 108 vnm'/'D^/' Cl (17) 

in which the function a is defined by 

a = (ACz)1A- \ t>/> erf [(ACzO1A](K -T Jo 

-\T ( / 1 A [ I - exp(-ACz0]dt (18) 
TTTVt JO 

Values of function <r were calculated for drop 
times from 1 to 5 s e c , and for values of kCz from 
0.01 to 100 sec . - 1 . The results are plotted in the 
diagram of Fig. 3. The principle of the calculation 
of (T is as follows. The functions under the integral 
sign in (18) were plotted against /, and the values 
of the integrals of (18) were obtained by graphic 
integration for different values of r and kCz-

T h e ra te constant k is calculated from an experi­
mental current in the following manner. First, 
the value of <x is obtained from the experimental 
current by application of (17); and the point having 
the corresponding coordinates a and r is located on 
the diagram of Fig. 3. T h e value of kCz for the 
curve passing through this point is determined by 
interpolation, and the ra te constant is calculated 
from the value of kCz thus obtained. 

When kCz is larger than 100 sec . - 1 , erf [(kCzf)l/'] 
is practically equal to uni ty even for values of / 
as small as 0.15 sec. Furthermore, the term exp 

(16) D. Ilkovic, Collection Ctechoslov. Chem. Communs., 6, 498 
(1934). 

0.005b 
2 3 4 5 

Drop tim*(8«c). 
Fig. 3.—Variations of <r (equation (18)) with drop time r. 

Number on each curve is the value of ACz in sec.-1. Inter­
mediate curves correspond to values of ACz which are mul­
tiple or submultiple of 2, 4, 6, 8. 

(—kCzt) in (18) is practically equal to zero when 
kCz is larger than 100. As a result, equation (18) 
is greatly simplified and the integration can be 
performed. Thus for kCz > 100 s e c . - 1 

^ f ( A C z ) 1 A , ' / . - ^ 7 V . (19) 

and kCz is directly calculable from (17) and (19). 
Note t ha t the second term on the right-hand side 
is much smaller than the first term. Therefore, the 
catalytic current is almost equal to the total 
current. Thus when kCz is larger than 100 sec . - 1 , 
an approximate value of k can be obtained from the 
total current given by (15). The lat ter equation 
takes then the simplified form 

(»'„)« —(*t).» — |l.255 X 

105 MmV1TV1DA1ACICz1AA1/. (20) 

which yields directly the rate constant k. 

Propert ies of Catalytic Currents 
Dependence of ic on Concentration C A - - F r o m 

equations (16) and (17) one concludes tha t the 
catalytic current is proportional to the concentra­
tion CA of the substance which is regenerated by 
the catalytic process. 

Dependence of ic on Concentration Cz and Rate 
Constant k.—Since the catalytic current is a func­
tion of the product kCz (see (16)) the influence of 
these two factors is discussed in the same section. 
Equat ions (16), (17) and (18) show tha t the cat­
alytic current increases with kCz. However, there 
is no direct proportionality between iQ and kCz-
For values of kCz larger than 100 s e c . - 1 the current 
is practically proportional to the square root of 
kCz (see equation (20)). An example is described 
in the experimental par t (Fig. 5). 

Dependence of ic on the H e a d of Mercury.— 
The dependence of the average catalytic current 
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on the head of mercury is obtained by replacing m 
and T in equations (17) and (18) by their values 
in terms of the head of mercury. The rate of 
flow of mercury is proportional to the head of 
mercury H as corrected for the back pressure; 
r is inversely proportional to II}1 Since the equa­
tion showing the dependence of ic on H is rather 
intricate, it is easier to discuss a specific case. 
Average catalytic currents are plotted against II 
in Fig. 4 for various values of kCz- The average 
total current obtained by adding to (tc)average the 
average diffusion current is also plotted versus II 
in Fig. 4. It is seen from Fig. 4 that the catalytic 
current decreases when the head of mercury is in­
creased. The larger the value of kCz, the less pro­
nounced is the relative decrease in current. The 
total current increases with the head of mercury, 
and the relative increase is more pronounced when 
kCz decreases. For kCz > 100 sec."'1 it is found 
that the current is independent of the head of mer­
cury as one would expect from equation (20) 
(factor w'/'r'••'«). When & = 0 the total current 
is simply the diffusion current which is proportional 
to IT '. When kCz = 0 the first integral in (IS) 
takes the form 0 X 0 and the second integral is 
equal to zero. By calculating the limit of the first 
integral for kCz = 0, one reaches the conclusion 
that the average catalytic current becomes inversely 
proportional to the head of mercury when kCz 
approaches zero. 

300 500 700 900 
Head of Mercury (m m). 

Fig. 4.—Variations of catalytic current with the head of 
mercury: m = 1.5 mg. sec.""1 and T = 4 sec. for H — 300 
mm. Number on each curve is the value of kCz in sec. - 1 . 
Curves whose ordinates are higher than 100 represent the 
total current; curves whose ordinates are smaller than 100 
represent the catalytic current. 

Influence of Temperature.—The influence of 
temperature is obtained by differentiating (17) and 
(IS) with regard to temperature. Various terms 
m the equation thus obtained can be combined us 

11 Tj Sec rcf. »>, p. H7. 

in the case of the Ilkovic equation.18 Nevertheless, 
the writing is rather heavy and it is much easier to 
calculate k at various temperatures from the experi­
mental current (see above). The energy of activa­
tion for the catalytic process is obtained from a 
conventional log k vs. (1/T) plot. 

Verification for the Reduction of Ferric Ion in 
Presence of Hydrogen Peroxide 

The theory developed in the previous sections was applied 
to the catalytic wave obtained in the reduction of ferric ion 
in presence of hydrogen peroxide. This case of catalytic 
wave was thoroughly studied by Kolthoff and Parry,4 and 
only the results pertaining to the present theory will be dis­
cussed. In this case, the catalytic process is the oxidation 
of ferrous ion by hydrogen peroxide. This reaction in­
volves two ferrous ions for each molecule of hydrogen per­
oxide, but the rate of the oxidation process is proportional 
to the product of the activities of ferrous ion and hydrogen 
peroxide.4 Consequently, the present theory is applicable 
without any change (see reaction (2)). 

Experimental 
The experimental methods described by Kolthoff and 

Parry were followed without change. Waves were re­
corded with a Sargent Polarograph model X X I , and poten­
tials were measured with a Leeds and Northrup student 
potentiometer. An H cell was used for all recordings; 
the calomel electrode arm of this cell was filled with 0.25 
molar sulfuric acid, and the cell was connected to a saturated 
calomel electrode by a bridge filled with a 1 molar potassium 
nitrate solution containing 4 % of agar-agar. Unless other­
wise indicated the temperature was 31.40 ± 0.03°. 

Description and Discussion of Experimental Re­
sults 

Determination of Rate Constant k.—Values of the cata­
lytic current for concentrations of hydrogen peroxide1 ' 
ranging from 0.0145 to 0.362 mole per liter are listed in 
Table I together with the corresponding rate constants de­
termined from equation (17) and Fig. 3. The supporting 
electrolyte was 0.25 molar H2SOt, and the following data 
were used in the calculations: m — 1.52 mg. s e c " 1 , T = 
4.02 sec , CV,"" = 2.5 X 10 "4 mole per liter. The dif­
fusion coefficient of ferric ion was determined from the dif­
fusion current for ferric ion in the absence of hydrogen per­
oxide, and the value /)>•,<<» = 0.73 X 10 "5 cm.2 sec '" ' 
was obtained from the Ilkovic equation. 

TABLE I 

DATA FOR CATALYTIC CURRENTS OF FERRIC IOX IN P R E S ­

ENCE OF HYDROGEN PEROXIDE AT 31.4" 

Experimental 
CH 1 OI (»'O)»V Calcd. * , 

mole per I. microamp. s e c . - l (moles per 1.) _ I 

0.0145 1.13 69 
.0355 2.02 78 
.0724 2.91 72 
.181 5.18 72 
.362 9.03 93 

Average 77 

The rather large deviations from the average rate con­
stant are caused mainly by experimental difficulties. 
Firstly, the waves are poorly defined4; secondly, hydrogen 
peroxide undergoes catalytic decomposition during the 
measurements.4 Nevertheless, it can be concluded from 
the data of Table I that essentially the same value of k is ob­
tained regardless of the hydrogen peroxide concentration. 

Dependence of i„ on the Concentration of Hydrogen Per­
oxide.—Variations of the catalytic current with the concen­
tration of hydrogen peroxide are shown in Fig. 5. The 
curves were calculated on the basis of the lowest and highest 
values of k listed in Table I , i.e., for k = 69 and * = 93 

(18) Sec rcf. 0, pp. 7-t -7fi. 
(Ht) T i t r a t i o n s of hydrogen peroxide Tverc carried out. by Mr. .1. b . 

^ t rH^vtfr . wtmsc help is gladly a i 'knoiv lcd tcd . 
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0 2 0.3 0.4 
Concentration of H1O1 (moluptr IHtr). 

Fig. 5.—Variations of the catalytic current of ferric ion 
with the concentration of hydrogen peroxide: I, calculated 
curve for k = 69 sec . - 1 (moles per l i t e r - 1 ) ; I I , calculated 
curve for k = 93 sec . - 1 (moles per l i t e r - 1 ) . Dots are ex­
perimental values. 

sec . - 1 (moles per l i t e r ) - 1 , respectively. Points are experi­
mental currents. Taking into account the relative inac­
curacy of the experimental data, it can be concluded tha t 
the agreement between experimental and calculated data 
is excellent. The concentration of hydrogen peroxide was 
not lowered below 1.45 X 1O -2 mole per liter since it was 
assumed in the previous theory that CH5OI is much larger 
than CFe+t+- In the present case Cre

+++ is 2.5 X 1O-* 
molar and the above condition would not have been ful­
filled for values of CH1OJ appreciably smaller than 1.45 X 
1 0 - s mole per liter. 

The relationship between catalytic current and concen­
tration of ferric ion was not investigated, since the propor­
tionality between these two quantities was verified by 
Kolthofi and Parry.4 

Dependence of % on the Head of Mercury.—Data for 
three values of the head of mercury are listed in Table I I . 

VARIATIONS OF 

U,a 

mm. 

611 
727 
886 

TABLE II 

u WITH THE HEAD OF MERCURY 

Experimental 

microamp. 

2.02 
1.96 
1.65 

sTot corrected for the back pressure. 

Calcd. 
( < C ) » T 

microamp. 

2.01 
1.95 
1.74 

The following data were used in the calculations: CH2OJ 
= 3.55 X 10~2 mole per liter, CF6+++ = 2.5 X 1O-* mole 

per liter, D^*** = 0.73 cm.2 s ec . - 1 ; T: 4.02, 3.40 and 2.71 
s e c , respectively; m, 1.52, 1.82 and 2.25 mg. sec . - 2 , re­
spectively. The average value k = 77 s ec . - 1 (mole per 
l i t e r ) - 1 of Table I was used in calculations. Table II shows 
that the agreement between experimental and calculated 
data is good. The total current remained practically un­
changed in agreement with previous observations of KoIt-
hoff and Parry.4 

Dependence of (*0)»v on Temperature.—The catalytic cur­
rent was measured at 0.6° and rate constant k was calcu­
lated on the basis of the following data: CVe+++ = 2.5 X 
1O-* mole per 1., I W + * = 0.25 X 10 - 6 cm.2 sec."1 , 
T = 4.23 s e c ; CH,o,: 0.0344, 0.0687 and 0.172 mole per 1., 
respectively; 4 : 0.317, 0.581 and 1.195 microamp., re­
spectively. The corresponding values of k were as follows: 

14, 18, and 29 s e c . - 1 (moles per I . ) - 1 . Logarithms of ex­
treme values of k obtained at 31.4 and 0.6° are plotted 
against the reciprocal of absolute temperature in Fig. 6, 
which shows tha t the polarographic values of k are in good 
agreement with the data obtained by a chemical method by 
Baxendale, el al.*> 

look 

(«10'). 

Fig. 6.—log k vs. ( 1 /T) plot for the oxidation of ferrous 
ion by hydrogen peroxide. Dots are values obtained by a 
chemical method by Baxendale, et al. Vertical lines repre­
sent extreme polarographic values. 

The polarographic values of k a t 0.6° are slightly too 
high as indicated by Fig. 6. This can be explained as 
follows. The polarographic cell was immersed in the water-
bath at 0.6°, but the tube connecting the capillary of the 
dropping mercury electrode to the mercury reservoir was not. 
As a result, the mercury dropping in the cell, and the solu­
tion surrounding the mercury drop, were at a temperature 
above 0.6°. Therefore, the rate constants thus obtained 
are too high. A completely immersed cell was not used be­
cause the manipulations of such a cell would have prolonged 
the operations involved in the recording of a wave to a point 
where the catalytic decomposition of hydrogen peroxide 
would have interfered. 

Conclusion 
The theory developed in the present paper ac­

counts quantitatively for the properties of catalytic 
waves. Since rate constants can be determined 
accurately from polarographic data,21 catalytic 
currents can be used in the study of kinetic proc­
esses which are too rapid to be followed by con­
ventional methods. Likewise, reactions involving 
unstable substances can also be studied. However, 
it should be pointed out that the occurrence of a 
catalytic wave requires the fulfillment of certain 
conditions which are discussed in the Introduction, 
and that these conditions limit somewhat the scope 
of the method. Application of the present theory 
to various catalytic waves will be reported in sub­
sequent papers. 
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