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Studies in the Theory of the Polarographic Diffusion Current.

IV. Diffusion Current

Constants of Some Ions in the Absence of Gelatin’

By Lours MEITES

Using capillaries producing 7-16 mg. drops, the diffusion current constants of four jons in various media in the absence

of gelatin were found to be independent of drop time between about 2 and 7 sec.

1t is concluded that the relationship be-

tween diffusion current and capillary characteristics expressed by the Ilkovi¢ equation is an accurate representation of the

phenomena occurring at the dropping electrode under these conditions.

the I versus t curve thus far observed.

Few precise data on the variation of the diffusion
current constant with drop time in the absence of
gelatin are available. In view of an earlier proof
that gelatin causes an important change in the na-
ture of this dependency,'® it appeared desirable to
attempt to establish a characteristic [ wversus ¢
curve in the absence of a maximum suppressor, as
has been done in the presence of 0.019, gelatin.?—*

Experimental

The data here presented were secured concurrently with,
and by the same technique as, those reported in an earlier
paper.t All measurements were made at —1.00 v. vs.
S.C.E., except those on silver ion, for which the applied
potential was —1.50 v. Figure 1 demonstrates the neces-
sity for selecting a potential considerably more negative than
—1.00 v. for the silver measurements.
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Fig., 1.—Polarograms of 4.5 millimolar silver in 0.1 F
potassium nitrate. The drop time at —1.00 v. »s. S.C.E.
was (a) 0.9, (b) 1.5, (¢) 2.3 and (d) 3.7 sec.

Values of the ‘“‘mercury ‘head’’’ reported in this and pre-
ceding papers are the measured values of the elevation of
the mercury meniscus above an arbitrary reference point.
They are, therefore, less than the true applied pressures
by an amount varying from 7.7 to 30.4 cm., depending on
the length of the capillary. Dr. John K. Taylor® has kindly
pointed out that this convention, used also by Lingane and
Loveridge,® tends to confuse the relationship between the
forward and back pressures acting on the drop. The ap-
propriate corrections are listed in an accompanying table.!

Data and Discussion

Values of the diffusion current constants of silver

(1) For tables listing values of the capillary characteristics and
diffusion current constants for the four ions discussed in this paper
order Document 3026 from American Documentation Institute,
1719 N Street, N. W., Washington 6, D. C,, remitting $0.50 for micro-
film (images 1 inch high on standard 35 mm, motion picture film) or
$0.70 for photocopies (8 X 8 inches) readable without optical aid,

(la) L. Meites and T. Meites, THIS JoURNAL, T2, 3686 (1950).

(2) 1. J. Lingane and B. A, Loveridge, ibid., 66, 1425 (1944).

(3) B. A, Loveridge, Ph.D, Thesis, Harvard University, 1947.

(4) L. Meites and T. Meites, Tuis JournNai, T8, 395 (1951).

(5) J. X. Taylor, private communication,

Explanations are suggested for the different forms of

and cadmium in 0.1 F potassium nitrate, ferricya-
nide in 0.1 F potassium chloride, and iodate in 0.1
F potassium chloride and 0.1 F hydrochloric acid
are plotted as functions of ¢ in Figs. 2-5. These
curves are uniformly characterized by a rapid fall of
I with increasing ¢ at drop times below 1.5-2.0 sec.,
then a plateau extending to about 7 sec., followed
by a much slower decrease as ¢ is increased up to the
highest values used in each case.
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Fig. 2.—Diffusion current constant of silver in 0.1 F potas-
sium nitrate as a function of drop time.

b 1 | I 1 | I

¢, sec.

Fig. 3.—Diffusion current constant of cadmium in 0.1 F
potassium nitrate as a function of drop time.

The initial portions of the curves, both in the
presence and in the absence of gelatin, seem to be
adequately explained by the stirring phenomenon
invoked by Lingane and Loveridge? and recently
termed the ‘“rinse effect” by Strehlow and von
Stackelberg.® This interpretation would indicate
that the ““diffusion’’ current in this region includes a

(6) H. Strehlow aud M. v, Stackelberg, Z. Elcktrochem., b4, 51
(1950).
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Fig. 4. —Diffusion current constant of ferricyanide in 0.1 F
potassium chloride as a function of drop time.
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Fig. 5.—Diffusion current constant of iodate in 0.1 F
potassium chloride and 0.1 F hydrochloric acid as a function
of drop time. Solid circles represent data secured by Love-
ridge with 0.4163 mJf iodate in 0.2 F sodium phosphate,
pH 7.0.

contribution from an effect related to maximum
formation.!” In support of this, it is found that
the lowering of I by gelatin depends very much on
the nature of the reducible material. For example,
at £ = 0.6 sec. the addition of 0.019, gelatin lowers
the diffusion current constant of ferricyanide about
19, while at 0.5 sec. it lowers the diffusion current
constant of iodate by 169,. It may be recalled
that the diffusion current constant of bismuth in
1 F nitric acid at ¢ = ca. 0.7 sec. is decreased nearly
70% by the addition of this concentration of gela-
tin.!

This is, of course, the behavior to be expected in
view of the fact that maximum formation is princi-
pally dependent, not on the characteristics of the
dropping electrode, but on the nature of the reduc-
ible ion and the supporting electrolyte used.
Therefore no equation in terms of # and { alone can
represent the behavior of all substances within this
range of drop times.

The intermediate portion of the curve, in the
presence of 0.019, gelatin, has been shown to be

(7) F. Buckley and J. K. Taylor, J, Res, National Bur. Standards, 34,
97 (1945).
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susceptible to treatment by an equation of the
form recently derived by Strehlow and von Stack-
elberg® and by Lingane and Loveridge®

ta/Cm*/2tVs = k(1 + ko(t/s/m'/%))

This, however, is no longer the case in the absence
of gelatin, for the present data show that in this
region [ is independent of capillary characteristics.
In other words, within this range of drop times
diffusion to the dropping electrode in ihe absence of
gelatin obeys the ia/Cm*/t'/s = k prediction of the
Ilkovic equation.’~1

Thus, for silver I = 2.500 = 0.007 (33 values)
between 1.5 and 6.5 sec. For cadmium I = 3.535
= (.008 (33 values) between the same limits. For
ferricyanide I = 1.789 = 0.009 (47 values) between
2.0 and 9.5 sec., and for iodate I = 12.03; = 0.04;
(30 values) between 1.9 and 8.0 sec. Loveridge?®
found 12.05 = 0.08 for iodate in 0.2 F phosphate,
pH 7.0, between 1.95 and 9.8 sec., rejecting one
value of eleven (¢f. Fig. 5). We believe that the
average of these mean deviations, 0.35%, is a fair
indication of the over-all precision of these meas-
urements.

By comparison with curves secured in the pres-
ence of 0.019, gelatin, these plateaus can be divided
into two portions: one, at shorter drop times, in
which gelatin decreases the diffusion current con-
stant, and another in which I is increased by the
addition of gelatin. Thus there is a point at which
I is unaffected by 0.019, gelatin, found at a drop
time of 2.1 sec. for iodate or 3.6 sec. for ferricyanide
and cadmium. (It has been reported to occur at
t = 2.5 sec. for cadmium in another supporting
electrolyte.!)

At very high values of ¢ the diffusion current con-
stant again decreases. With cadmium the decrease
from the plateau value is 4.1, at 12.4 sec., with sil-
ver it is 4.09, at 11.5 sec., and with iodate it is 3.29
at 13.1 sec. With ferricyanide the decrease is con-
siderably less (1.69, at 10.9 sec.), but the values at
the longest drop times were secured with a capillary
delivering comparatively large (16-mg.) drops, and
the lower rate of fall of I at high drop times is in ac-
cord with earlier observations on a capillary pro-
ducing 26-mg. drops.*

Theoretical

From the measurements of Laitinen and Kolt-
hoff!3 with a stationary plane platinum microelec-
trode, one can calculate diffusion coefficients for
silver and ferricyanide ions under the conditions
here employed. These, on substitution into the
Ilkovi¢ equation, give 2.533 and 1.761 for the dif-
fusion current constants of silver and ferricyanide
ions, respectively. Thus the diffusion current con-
stant of silver 1s 1.39, lower than the calculated
value, while that of ferricyanide is 1.6%, higher than

(8) J. J. Lingane and B. A. Loveridge, Tuis JournaL, T2, 438
{1950).

(9) D. Ilkovié, Collection Csechoslov. Chem. Communs.,
(1934).

(10) D. Ttkovi&, J. chim. phys., 85, 129 (1938).

(11) D. MacGillavry and E. K. Rideal, Rec. ¢rey. chim., 86, 1013
(1937).

(12) I. M. Kolthoff and ]. J. Lingane, “Polarography,” Interscience
Publishers, Inc., New York, N. Y., 1641, pp. 30-39.

(13) H. A. Laitinen and I. M, Kolthoff, Tris Journar, 61, 3344
(1839).
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the theoretical. These differences are nearly iden-
tical with those between the measured values of 1
in solutions containing gelatin and the values calcu-
lated from the modified Strehlow-von Stackelberg
equation.* Consequently it would appear that
the two equations as applied to their respective
cases are either both valid or both invalid, and if
the latter, that their errors are due to neglect of the
same factors in their derivations.

It has been pointed out!* that at relatively high
ratios of reducible material to supporting electro-
lyte, such as were used with silver, cadmium, and
ferricyanide, there may be an appreciable contri-
bution from the migration current, and that the
variation of this extraneous current with ¢ might in-
fluence the shapes of the I versus ¢ curves. Whether
there is such a variation remains to be tested ex-
perimentally, but in any case it would not be ex-
pected to be subject to an appreciable gelatin ef-
fect and therefore the validity of comparisons made
here between curves with and without gelatin
should not be affected.

The Ilkovi¢ equation has frequently been ap-
plied to the calculation of diffusion coefficients from
diffusion current data. So far as these calculations
are applied to data in the absence of a maximum
suppressor, the present work would seem to con-
firm the validity of this procedure. This conclu-
sion, however, based as it is on only two diffusion
coefficients secured by a method evolved in a purely
exploratory survey in which there was no attempt
to secure very precise values, must remain tentative
until much more information concerning the dif-
fusion coefficients of ions under polarographic con-
ditions becomes available.

The slow decrease in [ at very long drop times,
noted both in the presence and in the absence of
gelatin, may be the result of an instrumental pe-
culiarity rather than an inherent characteristic of
the dropping electrode. Taylor, Smith and Coo-
ter® have demonstrated that the average galvanom-
eter deflection decreases when the galvanometer
period becomes much less than the drop time. As
the period of the galvanometer used in this study
was approximately 8 sec., the measured current at
drop times longer than this would be expected to
fall below the true value. Data presented by Lin-
gane and Loveridge? indicate that this error must
become negligibly small at lower drop times.

There are now available data showing the exist-
ence of two characteristic types of I versus ¢ curves.
One, in the presence of gelatin, has a minimum at
about 1.5 sec., followed by a rising portion which
can be treated by a modified form of the Strehlow—
von Stackelberg equation, and a maximum at
about 6 sec. The other, in the absence of gelatin, is

(14) J. J. Lingane, private communication.

(15) J. K. Taylor, R. E. Smith and I. L. Cooter, J. Res. National
Bur. Standards, 423, 387 (1949).
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distinguished by an invariant I between about 2 and
7 sec. A variation of this second, also found only
in the absence of gelatin, shows I decreasing nearly
continuously as ¢ 1s increased, with at most only a
very short plateau.

The first of these types includes all of the ions
studied in the presence of gelatin.**® The second
includes silver, ferricyanide and cadmium and io-
date in two media; the variation mentioned above
is illustrated by bismuth in 1 F nitric acid! and
hydroquinone in 0.2 F phosphate, pH 7.0.3

In view of the close similarity between the bis-
muth and hydroquinone curves and the data se-
cured for a variety of other ions by Buckley and
Taylor” by a method of measurement which accen-
tuated the influence of maximum formation,! it
seems reasonable to attribute the abnormally high
currents characteristic of this sub-group as includ-
ing a contribution from a stirring effect even at
rather high drop times. The decrease in I with in-
creasing ¢ therefore reflects a decrease in the impor-
tance of this extraneous stirring phenomenon rather
than a change in a truly diffusion-controlled cur-
rent,

This is substantially identical with the interpre-
tation generally accepted, and supported by these
data, for the portions of the two normal curves in
the presence and absence of gelatin at drop times
less than 1.5-2.0 sec. That is, at short drop times
there is a transfer of material to the electrode sur-
face in excess of that corresponding to true dif-
fusion control, and this effect is decreased by in-
creasing ¢ or by adding a maximum suppressor.

Within the drop time range in which ¢ is increased
by the addition of gelatin, however, no such expla-
nation is available. It seems highly probable that
the diffusion current in this region is actually dif-
fusion-controlled even in the absence of gelatin, and
the effect of gelatin would seem to be due to some
change in the mechanism of the diffusion process.
This change is apparently such as to introduce the
“wedge effect”” responsible for the ¢'/¢/m"+ term in
the Strehlow—von Stackelberg equation. This is
difficult to justify quantitatively on geometrical
grounds, and one suspects that the effect of gelatin
1s one of modifying the shape of the concentration
gradient around the drop.

It does not appear that a wholly satisfactory ex-
planation for the difference between these two types
of behavior can be synthesized from data on the ef-
fect of ¢ on the average current, but that informa-
tion must be available on the effects of gelatin and
of ¢ on the instantaneous current during the growth
of a drop before an adequate interpretation can be
advanced.
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