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It has been shown in [1] that a quantitative interpretation of the differential capacity curve developed in the
presence of ter-CgHyOH can be obtained from the isothermal equation of A. N. Frumkin [2] by making allowance
for the variation of the attraction constant, a, with the electrode potential, This equation has the form

Bc = ri?exp (— 2a9), (1)

¢ being the concentration of the organic material, 6 = 1“/I‘n,1 being the ratio of the actual adsorption, I, to the
limiting value, I'm, and
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By and A being constants and A = RTT';. Cp and C' are the capacities of the double layer at & = 0 and® = 1,respec-
tively,¢ is the potential referred to the null-point potential at & = 0, and ¢y is the displacement of the null-point
potential due to passage from6 =01t 6 = 1. It follows from [3] that

ol + 0 + (22 (&)

where
L e(—0) 4
h= t—ma—0 " @

The relation between a and ¢ was developed from the experimental data by assuming the position of the peak
on the C - ¢ curve to be essentially determined by the value of h [3]. The coverage at maximum, © MaX jsthen0.5
and the value of a at the peak potential, ¢MaX_ can be determined by the method described in [1].*

451 It is clear that the peak on the C-¢ curve will correspond to a
g4 maximum in h only when the value of a is small and h itself varies
f 231 markedly with ¢ [8]. The general case is that in which the position of
the extremum on the C=¢ curve is determined through the condition
gng“ dC/de¢ = 0. Calculation of this position can be made for the case
CDEZ/‘ Cp = const and a = const, if
i 1 1 i il ] : o
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| g% om where a=(Cy— C')/24, 9, = —@,C"(Co—C"};
Fig. 1. Relation between the maximum B B/ ne ’
=B,'ex — .
coverage and the peak potential for Here " e p{((PNC) 124(Co—C]
various values of a:1) a=0; 2) 0.5; 3)1.0; — ,
2 C=Co(1 —8)+Co + 44a® (9 —@,)" h, (5)

4) 1.5; 5) 1.9; the dotted curve gives the _
limiting value approached by pmax * The theory is presented in detail in an article to be published in the
as c-0, Zhurnal fizicheskoi khimii.
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The condition dC/d¢ = 0 will be satisfied if:

1. h=0,i.e., according to (4), if 8 = 0, or® = 1. This con-
dition is actually never realized since Egs. (1) and (2a) require
(¢ - ¢m)— =inorderthat® = 0 with ¢ # 0 and c— »in order that 8 =1.

2. ¢ = ¢, this being the condition for a minimum on the
C-¢ curve at the potential corresponding to maximum adsorption.

3. The expression in brackets is equal to zero, this giving the
condition for the maximum on the C=-¢ curve in t he form:

(Pmax . @miV 3 1 — Za()max (1 el"'l&lk) o (7)

26ma‘(
i Equation (7) was used to develop the relation between @MaX
05 g6 g+ 97 g6 G5V and (93X — ) for various values of a with Cg = 20, C' = 5, and
- 50"”“50," A =1, the results being as shown in Fig. 1. It is seen from this

figure that the deviation of ©™2% from 0.5 is quite marked when

a <i. When the adsorption of the organic material follows Henry’s
Law [4] the position of the maximum tends toward @,, == }"3/2q,
for all values of a as the concentration of the organic material is
diminished and 6™3% .0, Finally, two values of 6™2% are asso-
ciated with each position of the maximum when a > 0.5. This
indicates that a reduction of the concentration of the organic material causes the peak potentials to first approach
and then once more diverge, moving asymptotically toward the values @, 4 ]/372'(—1

Fig. 2. Relation between the peak potential
and log c for various values of a: 1) a = 0;

2) 1.0; 3) 1.9; 4) the same, but with the
condition that® Max = 0.5; 5) limiting values
of eMaxX a5 ¢ —» 0,

Figure 2 shows the relation between

max
o
9

0 ax
Q =log (Bme) +§%, = 330™ —@,)* Hogr— e + 2;‘3 (1 —20max) (8)

and ¢MaX — ¢y as developed from Eqs. (7) and (8) fora= 0, a= 1, a=1.9. A parabola representing the two
branches of the curve for a = 1.9 will correspond to the condition6™M3X = 0,5 (3] if

. i_ max ___ 2

Calculation shows the Q-(¢MaX « ¢ ) relanon to depart markedly from the parabolic function corresponding
to 6MaX = 0.5 when a < 1, even when the concentration of the organic material is high., Thus, the earlier reported
second-power relation between ¢MaX and log ¢ [3] is valid only when a=1, The case in which a = 0 and adsorption
follows the Langmuir isotherm is seen from Fig. 2 to be one in which the ¢™3X— log c relation is almost linear over
a wide interval of Q values embracing a two-order alteration in ¢, a fact pointed out earlier in [5, 6]. Thus, the
second-power pmax _ log c relation deduced in [7, 8] on the basis of an analysis of the Langmuir Equation cannot
be considered as valid, * the experimentally developed linear relation between log ¢ and (¢MaX — ¢m)? clearly
arising from the fact that the adsorption on mercury of the organic materials under study failed to follow the
Langmuir Equation and a was = 1,

The case of a = 1.9 is seen from Fig, 2 to be such that over a narrow concentration interval three extrema
(two maxima and one minimum) appear on each branch of the C—¢ curve for each value of Q. The cathodic branch
of the C~¢ curve was developed for a = 1,9 and Q = 0.05 to illustrate this point and is shown in Fig. 3. This rather
rare effect is observed on the cathodic branch of the C~¢ curve for a 0,5 N CsCl+ 10™3M CypHy5SO3Na solution
(see Fig. 5 of [9]).

Equations (5), (7), and (8) can be used to develop a relation between the peak height, CMaX, and Q that can

be compared with the linear relation, Co - C’ (; .

p Cmax — 0 5 _I_ 2 3 — Q,
— (10)
* It is possible in principle tohave a second-power relation between ¢™M#X ana log ¢ with a = 0, but only if the concen-

tration of the organic material is so high that [¢M3%X — o, |>> 0.8 v. This case is not realized in practice.
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following from the condition §MaX = 0,5 [3]. A comparison of this type has been

A8 ' made in Fig. 4 for the case in whicha=0,2a=1, and'a = 1.5. The figure makes
J%IE it clear that the CMaX Q relation developed here is very nearly linear over a wide

interval of Q values, and this despite the fact that the curve slope for a<1 is con-
siderably different from the 2,3(Co—C'")/ (2-2) predicted by Eq. (10).

The relations developed here cannot be quantitatively compared with the
25} experimental results since the conditions on which the calculations are based
1 namely, Gy= const and a = const, are not fulfilled in practice [1]. Nevertheless,
o these calculations do mark out limits of applicability for methods described by
one of us for the determination of a [1]. Values of a calculated by these methods
2l from theoretical C—¢ curves developed for the conditions Cq = 20; C' = 5 A=1
- and ¢MaX—g . = 0.7 with a = 1 and a = 0.5 are shown in the table. This table
. Value of a calculated
Given -
sLL , L, value fr?m peak frc?m peak from peak fromnic;(pe
a -9z -g¢ -46 -q6v of a width at width at height of C
P~ h=1/2h™MaX | h=3/4nMaX g - log c curve
Fig. 3. Cathodic branch of the 1.0 0.93 0.94 0.95 0.98
C-¢ curve as developed for 0.5 0.23 0.29 0.27 0.317
a=1.9; Q= 0.05; Cy= 20;
C'=5; A=1. shows that the mean error in the determination of_zi is 5% for a = 1 and 42% for
a = 5, Thus, the methods in question are applicable only when a= 1; lower values
of a can be determined from the adsorption isotherm [10].
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Fig. 4. Relation between the peak height and log c for various values
of a; 1) a = 0; 2) 1.0; 3) 1.5. The sraight lines were developed for the
various values of a and the condition that6MaX = 0.5,

We wish to express our sincere thanks to Academician A. N. Frumkin for a discussion of the material contained
in this article.
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter-

ations of the abbreviations as given in the original Russian journal. Some or all of this peri-

odical literature may well be available in English translation. A complete list of the cover-to-,

cover English translations appears at the back of this issue.
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