
1528 Jui H. WANG Vol. 76 

[CONTRIBUTION N O . 1190 FROM THB DEPARTMENT OF CHEMISTRY OF YALE UNIVERSITY] 

On the Theory of the Polarographic Diffusion Current. I. Diffusion of Small Amounts 
of Lead and Zinc Ions in Solutions of Various Supporting Electrolytes 

BY JUI H. WANG 
RECEIVED NOVEMBER 19, 1953 

The tracer-diffusion coefficients1 of Pb(II) ion in aqueous potassium chloride solutions of concentration from 0.02 to 4.0 F 
and in 0.1 F potassium chloride + 0.1 F hydrochloric acid solution were determined. Preliminary examination of the effect 
of gelatin on the tracer-diffusion coefficient of Pb(II) ion was made. Similar results were obtained on the diffusion of small 
amounts of Zn(II) ion in aqueous potassium chloride and nitrate solutions of different concentrations and in 1.0 .FNH4OH + 
1.0 F NH4Cl solution. The variation of the tracer-diffusion coefficient of Zn(II) ion with concentration of the supporting 
electrolyte in dilute solutions was compared with that predicted from the Onsager theory. The rapid increase of the tracer-
diffusion coefficient of Zn(II) ion in potassium chloride solution with increasing salt concentration was interpreted on the 
basis of complex ion formation. The effect of gelatin on the tracer-diffusion coefficient of Zn(II) ion in 1 F NH4OH + 1 F 
NH4Cl solution was investigated. Finally, theoretical values of the "diffusion current constant" were calculated from the 
Ilkovic, Strehlow-von Stackelberg and Lingane-Loveridge equations, and compared with experimental data. 

During the last decade considerable amount of 
evidences has been accumulated to show that at 
least in solutions containing gelatin the "diffusion 
current constant", I = id/'{cmi/lt1/'), increases with 
t1" m~,/' when the latter is above a certain "criti
cal value.2" By taking into account the curvature 
of the electrode surface, Lingane and Loveridge,2 

and independently, Strehlow and von Stackelberg2 

both arrived at the following modified Ilkovic equa
tion 

( A D1/2l1/e\ 
1 + w I (1) 

m''> J 
Lingane and Loveridge assigned to the constant A 
the value of 39, whereas Strehlow and von Stackel
berg estimated it to be 17. Both groups of investi
gators claimed that their own polarographic data 
agreed with their own value of the constant A bet
ter than the value estimated by the other group. 
Actually since the tracer-diffusion coefficient of the 
depolarizer ion is unknown in most cases, the agree
ment or disagreement found between the calcu
lated and experimental values of iA/(cm^!tl/t) is 
quite uncertain. The purpose of the present re
search program is to determine the tracer-diffusion 
coefficient of several depolarizer ions in different 
solutions of supporting electrolytes, and to com
pare the values of {^/(cm^'t1^) computed from 
them by means of different theories with the ex
perimental values. It is the hope of this investiga
tor that the tracer-diffusion coefficients reported in 
the present and subsequent articles of this series 
will be found useful in future studies on the theory 
of the polarographic diffusion current. 

Apparently the theory of the polarographic dif
fusion current is still in its early stage of develop
ment. For example, Kouteck^ has recently3 de
rived the new diffusion current equation 

id = 607nDl/icmVnl/t (1 + 34x + 100x2) (2) 

where x = Dl'2tx'sm^''. But according to von 
Stackelberg,4 the term 100x2 in equation 2 is neg
ligible, the constant 34 should be changed to 17 
because of what he called a "depletion effect," and 
the constant 607 should be changed to 619 because 

(1) For the definition of tracer-diffusion coefficient, see J. H. Wang, 
THIS JOURNAL, 74, 1182, 6317 (1952). 

(2) See I. M. Kolthoff and J. J. Lingane, "Polarography," Inter-
science PuM., Inc., New York, N. Y., 1952, Chap. IV. 

(3) J. Kouteck;?, Ceskoslovensky las.fys., 2, 117 (1952). 
(4) M. von Stackelberg, Z, RUklrt>chem.{ (7 , 338 (1953). 

of an "enrichment effect." More definite evi
dences for the validity or invalidity of von Stackel-
berg's arguments are yet to be established. Fur
thermore since equation 1 was obtained by taking 
into consideration the effect of curvature of the 
dropping electrode surface, its validity should not 
be affected by the presence or absence of gelatin. 
Contrary to this expectation, Meites5 has shown 
that in the absence of gelatin the values of id' 
(cm'/'t1^) for several depolarizer ions remain con
stant and independent of the drop time. 

Needless to say that before the theory of the po
larographic diffusion current is more successfully 
worked out, we should be cautious in accepting 
tracer-diffusion coefficients evaluated from polaro
graphic measurements. 

Experimental 
Preparation of Tracer.—Radioactive lead (Pb210) prepared 

from the active deposit of aged radon tubes was used as 
tracer for Pb(II) ions. The radon tubes used were made of 
gold and were cut into small segments and leached with 1 
ml. of 1 F nitric acid for 24 hr. To prepare the radioactive 
solution for diffusion measurements, a measured volume of 
this leach liquor was evaporated to dryness in a platinum 
crucible, the invisible residue was dissolved in aqueous po
tassium chloride solution of the desired concentration. All 
potassium chloride solutions used in the present work were 
made 0.002 F in Pb(II) to avoid adsorption errors and 
0.0005 F in HCl (except those solutions containing gelatin) 
to prevent the hydrolysis of lead ion in dilute solutions. 
Zn65 was used as tracer for Zn(II) ions. This was obtained 
from the isotopes division of the TJ. S. Atomic Energy Com
mission at Oak Ridge, Tennessee. 

Diffusion Measurement.—The improved capillary 
method6 was used in the present work. The diffusion 
period of the present measurements varied from 3 to 4 days. 
For the measurements with Zn(II) ions, all the CQ- and cav-
samples were dried over anhydrous calcium chloride for at 
least 24 hours before being counted with a thin mica-
window counter. For the measurements with Pb(II) ions, 
the cav-samples obtained after each diffusion experiment 
were kept in a desiccator together with the Co-samples for 
at least 40 days and then counted together. This waiting 
period is necessary for the lead samples for two reasons. 
Firstly, the /3-radiation from Pb210 is too weak for direct 
counting and consequently we determine the amount of 
Pb210 by waiting until transient equilibrium is attained and 
then counting its daughter Bi210 (half-life = 5 days) which 
emits 1.2 Mev. /3-radiation. The second and even more im
portant reason is that the radioactive solution prepared ac
cording to the procedure described above actually contained 
both Pb210 and Bi210 (Po was not detected by the present 

(5) L. Meites, T H I S JOURNAL, 73, 1581 (1951). 
(6) J. H. Wang, C. V. Robinson and I. S. Bdelman, ibid., 78, 466 

(1953). 
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counting set-up and hence need not be considered here). 
In order to measure the tracer-diffusion of Pb210 alone, it was 
thus necessary to wait for at least 40 days (8 times the half-
life of Bi210) when practically all the Bi210 originally present 
in the samples had decayed into the harmless Po210 before 
counting. The assumption that the a-particles from Po210 

were not detected by the present counting set-up was con
firmed by the counting of these samples covered with alumi
num absorbers. All the measurements were carried out a t 
25.00 +0 .01° . 

Adsorption Error and Its Elimination.—Although the con
centration of the supporting electrolyte is above 0.02 Fin all 
cases of the present work, there is the possibility that the 
Pb + + or Zn + + ions may be preferentially adsorbed from the 
electrolytic solution by the glass surface of the capillaries and 
consequently exhibit an "anomalous" tracer-diffusion co
efficient. In fact it was found that when carrier-free Pb210 

was used for the measurements, erroneous diffusion coeffi
cients were obtained which cannot be reproduced with 
capillaries of different cross-sectional area and length. Even 
for the same capillary the measured diffusion coefficient 
varied with the length of diffusion time and previous treat
ment of the glass surface of the capillary. In the present 
work, this type of adsorption error was eliminated by adding 
enough inert lead salt in the solutions (both inside the capil
laries and in the diffusion bath) to make the latter 0.002 F 
in Pb(II ) . Apparently when the concentration of Pb(II) 
in these solutions is 0.002 F or more, the fraction of Pb(II) 
adsorbed to the glass surface of each capillary is negligibly 
small as compared to that in the bulk of the solution. I t 
was found that with these solutions containing inert Pb(II) 
the measured tracer-diffusion coefficients are reproducible 
and independent of the characteristics of the capillary, the 
diffusion time, and the concentration of Pb(II) provided 
that the latter is small as compared to that of the supporting 
electrolyte. For the same reason all solutions for the meas
urement of the diffusion of Zn(II) ions were made 0.005 F in 
Zn(II) . 

Results and Discussion 
Diffusion of Small Amount of Pb(II) Ion in 

Aqueous KCl Solutions.—The results of these 
measurements are summarized in Table I. Each 
value listed in Table I is the average result of 6 

TABLE I 

TRACER DIFFUSION COEFFICIENTS OF Pb(II) ION IN KCl 

( A Q . ) AT 25° 
Concn. 

(formular 
wt./l.) 

0.00 
.02 
.10 
.25 
.70 

DpMiii X 105 
(cm.2/sec.) 

(0.940) 
.941 ± 0 . 0 0 9 
.970 ± .012 
.988 ± .010 

1.025 ± .012 

Concn. 
(formular 

wt./l.) 

1.00 
2.00 
3.00 
4.00 

Dpbdl) X 105 
(cm.Vsec.) 

1.001 ± 0.005 
0.937 ± .012 

.859 ± .016 

.794 ± .018 

measurements. All solutions listed in Table I are 
0.002 F in Pb(II) and 0.0005 Fin HCl and contain 
no gelatin. The temperature was kept at 25.00 ± 
0.01° for all the measurements. These values of D 
in Table I are plotted vs. y/c of KCl in Fig. 1. The 
value of D at infinite dilution in Table I was calcu
lated from conductive data with ApbCh = 147.0 given 
by Norman and Garrett,7 and the accepted value of 
Xc° - — 76.30 by means of Nernst's formula. 

Figure 1 shows clearly that as the concentration 
of the supporting electrolyte decreases indefinitely, 
our measured value of the tracer-diffusion coefficient 
for Pb(II) ion approaches a value which is in agree
ment with Nernst's limiting value from conduct
ance data. This agreement is an independent 
check on the reliability of the present results. 

The change of D vs. y/c of the supporting electro-
(7) J. W. Norman and A. B. Garrett, THIB JOURNAL, 6», 110 (1947). 

Fig. 1.—Tracer-diffusion coefficient of Pb(II) ion in 
aqueous potassium chloride solutions at 25°. The shaded 
point represents Z)°pb++ at infinite dilution calculated from 
conductance data. 

lyte as depicted in Fig. 1 is considerably different 
from those found for Na+ , Cl" and Ca ++.1*8'9 

Fromherz,10 in his study of the absorption spec
tra of lead halide solutions, has shown the exist
ence of relatively high concentrations of PbCl+ ions. 
There are also evidences11 that in concentrated 
chloride solutions complex ions such as PbCl3" exist. 
In view of the existence of these complex ions, we 
may take Fig. 1 as suggesting that ions such as 
PbCl+ have higher tracer-diffusion coefficient than 
the simple hydrated Pb++ ion in solutions of mod
erate concentrations. Similar observations have 
been made by von Stackelberg4 in his studies with a 
linear stationary electrode on the diffusion of Pb(II) 
ion in KCl solutions containing 0.01% by weight 
of gelatin. However, von Stackelberg's diffusion 
coefficients may not be directly comparable to the 
present values because of the possible complica
tions due to the presence of gelatin described in the 
following section. 

Discussion on the Effect of Gelatin.—Since the 
majority of accurate data in the literature of polarog-
raphy are for solutions containing 0.01% by 
weight of gelatin, it is necessary for us to examine the 
effect of gelatin on the measured tracer-diffusion 
coefficient. Determinations of the tracer-diffusion 
coefficient of Pb(II) ion in 1.0 F KCl solutions con
taining gelatin have been made in the present work. 
The results indicate that there is an appreciable de
crease in the tracer-diffusion coefficient of Pb(II) ion 
in 1.0 F KCl solution as the gelatin content or the 
/>H of the solution or both are raised. But since 
only a small portion of published polarographic dif
fusion current data have been reported for solutions 
of specific pK and since the nature of the gelatin-
electrode surface interaction is not yet fully under
stood, there is at the moment little hope of making 

(8) J. H. Wang and S. Miller, ibid., Ii, 1611 (1952). 
(9) J. H. Wang, ibid.. 71 , 1612 (19S2); ibid., 75, 1769 (1953). 
(10) H. Fromherz, Z. physik. Chem., 153, 321 (1931); ibid., 3S2 

(1931). 
(11) L. M. Koreman, J. Gen. Chem. U.S.S.R., IS, 157 (1946). 
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Fig. 2.—Comparison of equation (2) with polarographic 

diffusion current data for Pb(II ) ion in 0.1 F HCl + 0.1 F 

KCl solution containing 0.009% by wt. of gelatin.18 

quantitative application of this kind of data to po-
larography. However, these data do indicate that 
in salt solutions of unspecified pH the effect of 
gelatin on the tracer-diffusion coefficient of Pb(II) 
ion may not always be negligible. 

Diffusion of Pb(II) Ion in 0.1 FKCl + 0.1 FHCl 
Solution.—For the purpose of comparison with the 
polarographic diffusion current data of Pb(II) in 
0.1 F KCl + 0.1 F HCl solution reported by Mei-
tes,12 the tracer-diffusion coefficient of Pb(II) in 0.1 
F KCl + 0.1 F HCl solution without gelatin has 
been determined. The average result of nine such 
measurements is 

D X 105 = 0.963 ± 0.011 

Comparison of the Tracer-diffusion Coefficients 
of Pb(II) Ion with Polarographic Diffusion Current 
Data.—The variation of the "diffusion current 
constant," id/icm'W'), with ^ 7 n - V . for Pb(II) 
in 1 F KCl + 0.01% gelatin solution has been stud
ied by Lingane and Loveridge.2 Strehlow, Mad-
rich and von Stackelberg6 have made similar stud
ies for Pb(II) in 0.1 F + 0.01% gelatin solution. 
Unfortunately neither group of workers used solu
tions of controlled />H. Thus because of the possi
ble enrichment of gelatin due to adsorption near 
the electrode surface and because of the uncertainty 
in the pB. of their solutions, it seems difficult for us 
to decide what values of D should be used for theo
retical computation. On the other hand, the diffu
sion current data of Pb(II) ion in 0.1 F KCl + 
0.1 F HCl + 0.009% gelatin solution obtained by 
Meites16 should be useful for comparison with theo
retical calculations based on the present measured 
value of D in the absence of gelatin, because in such 
highly acid solution we may assume that the frac
tion of Pb(II) bound to gelatin is negligible. In
deed, Tanford18 found that the fraction of Pb(II) 

(12) L. Meites, T H I S JOURNAL, 73, 3724 (19M). 
ty.\) C. Tanford, ibid., 74, 211 (1952). 

bound to bovine serum albumin decreases rapidly 
when the pH of the solution is lowered from 7 to 4, 
and that below pU 3 the "diffusion current con
stant" is independent of pH. and is equal to that in 
the absence of albumin. Likewise if we assume that 
the fraction of Pb(II) bound to gelatin in 0.1 F 
KCl + 0AF HCl + 0.009% gelatin solution is 
negligible, we may use the above-measured tracer-
diffusion coefficient of Pb(II) ion (D X 105 = 0.936 
± 0.011 cm.2/sec.) in this solution to calculate 
•fd/(cw!<V/V) by means of equation 1. The re
sults are illustrated in Fig. 2 where the three 
straight lines represent equation 1 with the con
stant A equal to 0,17 and 39, respectively. 

In contrast to earlier statements,2 Fig. 2 shows 
clearly that the deviations of the values of / = 
id/(cm'/>tl/') calculated by means of equation 2 
with A = 39 are much larger than those with A = 
17. However the agreement between the latter 
values and experimental data cannot be considered 
as satisfactory. Further work in this direction is 
necessary before definite conclusions can be drawn. 

Moreover, according to Meites16 the "diffusion 
current constant" of Pb(II) ion in 0.1 F KCl + 
0.1 F HCl solution in the absence of gelatin is in
dependent of drop time and remains at the constant 
value of 3.992 ± 0.013 from t = 2 to t = 10 sec. 
But if we compute the "diffusion current constant" 
from the measured value of D by means of equation 
1 with A = 0 we get / = 3.77 ± 0.02 which is 5.5% 
lower than his experimental value. This discrep
ancy also seems to deserve further investigation. 

Results on the Diffusion of Small Amount of 
Zn(II) Ion in Aqueous Solutions.—The tracer-
diffusion coefficients of Zn(II) ion in aqueous potas
sium chloride solutions determined in the present 
work are listed in Table II . All solutions listed 
in Table II were made 0.005 Fin Zn(II) and 0.0005 
F in HCl. Each value of D listed in Table III is 
the average result of 6 measurements. The value 

TABLB I l 

TRACER-DIFFUSION COEFFICIENTS OF Zn(II) ION IN 

Concn. 
(formular 

wt./l.) 

0.00 

.05 

.10 

.28 

.60 

.70 

( A Q . ) 

Dzn(H) X 10= 
(cm.Vsec.) 

(0.71) 

.714 ± 0.010 

.729 ± .010 

.736 ± .010 

.751 ± .013 

.788 ± .013 

AT 25° 
Concn. 

(formular 
wt./l.) 

1.00 

1.40 

2.00 

3.00 

4.00 

DZn(II) X 
(cm.Vsec 

0.818 ± 0 

.878 ± 

.940 ± 

.971 ± 

.951 ± 

KCl 

10' 
) 
.008 

.010 

.010 

.010 

.015 

of D at infinite dilution in Table I was calcu
lated from conductance data by means of Nernst's 
formula with Xzn

 ++ = 53.1.u 

The tracer-diffusion coefficients of Zn(II) ion in 
aqueous potassium nitrate solutions are listed in 
Table IV. AU solutions listed in Table IV were 
made 0.005 F in Zn(II) and 0.0005 F in hydrogen 
ion concentration. Since these tracer-diffusion 
coefficients of Zn(II) ion in potassium nitrate 
solutions were determined merely for comparison 
with those in the chloride solutions instead of for 

(14) H. S. Harned and B. B. Owen, "Physical Chemistry of Elec
trolytic Solutions," 2nd PA., Reinhold PuIiI. Corp., New York, N. Y., 
19SO, Appendix A. 
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direct use in polarography, only three measure
ments were made for each solution listed in 
III. Consequently these tracer-diffusion coeffi
cients are in general less accurate than those listed 
in Table II . 

TABLE III 

TRACER-DIFFUSION COEFFICIENTS OF Zn(II) ION IN K N O J 

( A Q . ) AT 25° 
Concn. Concn. 

(formular Dzn(II) X 10' (formular Dzn(II) X 10« 
wt./l.) (cm,- sec.) wt./l.) (cm.Vsec.) 

0.00 (0.71) 1.00 0.730 ± 0.005 
.05 .69 ± 0.014 1.50 .75 ± .01 
.20 .69 ± .009 2.00 .74 ± .015 
.50 .70 ± .015 2.50 .69 ± .015 

Results of the measurements on the tracer-diffu
sion of Zn(II) ion in aqueous 1.0 F NH4OH + 1.0 
F NH4Cl solutions with and without gelatin are 
listed in Table IV. 

T A B L E IV 

TRACER-DIFFUSION COEFFICIENTS OF Zn(II) ION IN 1.0 F 

NH1OH + 1.0 F NH4Cl SOLUTIONS AT 25° 
Concn. of gelatin 

(% by wt.) 

0.00 
.01 
.10 

No. of 
measurements 

DZn(II) X 10» 
(cm.Vsec.) 

1.03 ± 0 . 0 1 5 
1.02 ± .015 
1.02 ± .015 

Discussion of the Diffusion Data on Zn(II) Ion.— 
According to Onsager,16 the tracer-diffusion coef
ficient, Dj, of ionic species j in a dilute solution 
containing other kinds of ions i may in appropriate 
units be written as 

RT\"; _ X0SlZj]F 

3iV£> 
D1 = 

IZiI/" 
X 2.694 X 10" 

V ^ I I - V ^ I V ? ^ (3) 

where Z1 is the charge in electronic units and Ci the 
concentration in moles per liter of ion i, X°j the lim
iting equivalent conductance of ion j , 2D the dielec
tric constant of the solvent, k the Boltzmann con
stant, F the Faraday constant, T the absolute tem
perature and d(u>j) and a function given by 

si \ 1 V~^ CiIZ1IX
0J ... 

>i/|Zi|) + (XVIZiI) 

F o r t h e diffusion of t r ace r a m o u n t of ions of species 
1 in salt solution containing ions of species 2 and 3, 
we have 

C1 ^ 0 , and CsIZ2I = e3|Z3| (5) 
and hence (4) can be written as 

IZ1I T |Z2|x°2 d(ui) = Z2| + |Z3 IZ21XO1 + IZ1IXO2
 + 

I Z 3 I X»3 J (6) 
IZ3IXO1 + I Zi [ XO, 

For the tracer-diffusion of Zn(II) ion in aqueous 
KNO3 solutions, if we take X°Zn + + = 53.1, X°K + = 
73.52, XNO,_ = 71.4414 we obtain from equations 
3 and 6 

Z)z„~ X 105 = 0.71 - 0 . 3 2 ^ (7) 

Values of D listed in Tables II and III are plot
ted vs. s/c in Fig. 3. The straight line in the 

(15) L. Onsager, Ann. N. Y. Acad. Sci., 16, 241 (1945). 

dilute concentration region represents equation 7. 
It may be noticed from Fig. 3 that altliough the 
tracer-diffusion coefficient of Zn(II) ion in KNO3 
solutions (lower curve) seems to approach the 
Nernst limiting value from the above Onsager 
equation, there is considerable resemblance between 
this curve and those found for N a + and Ca++.1'8'9 

1.00 

0.9 

0.8 

0.7( 

0.6 

0 5 

-

I I I ! 

0.0 0.5 1.0 

VZ 
1.5 2.0 2.5 

Fig. 3.—Tracer-diffusion coefficient of Zn(II) ion in 
aqueous potassium chloride (upper curve) and potassium 
nitrate (lower curve) solutions at 25°; 3 , £>°zn++ at infinite 
dilution calculated from conductance data. 

In contrast to this, Fig. 3 shows that the tracer-
diffusion coefficient of Zn(II) ion in KCl solutions 
(upper curve) increases very rapidly with salt con
centration and reaches a maximum value of 0.97 X 
10~6 cm.2/sec. at about 3 F. Since the N O 3

- ion 
and the C l - ion have limiting equivalent conduct
ances of equal order of magnitude (and hence ap
proximately equal effective radii in solution), it 
does not seem possible to give even a qualitative 
explanation of the difference between the two 
curves in Fig. 1 on the basis of ionic interaction or 
the distortion of water structure alone. A pos
sible explanation of this observed difference is that 
a considerable amount of complex ions such as Zn-
Cl+, etc., exist in the KCl solution and that these 
complex ions diffuse much faster than the simple 
hydrated Zn++ ion, causing the measured over-all 
tracer-diffusion coefficient of Zn(II) to increase with 
KCl concentration. If this is true we may inter
pret the lower curve in Fig. 1 as suggesting that 
relatively very little such complex ions exist in 
KNOs solutions at equivalent concentrations. 
Indeed there is a considerable amount of evidence in 
the literature to support this kind of view. For ex
ample, by comparing the measured activity coef
ficients of magnesium and zinc salts, Stokes and 
Levien16 have shown that while there is a consider
able amount of complex ion formation in zinc 
chloride solutions no detectable amount exist in 

(16) R. H. Stokes and B. J. Levien, T H I S JOURNAL, 68, 333 (1040). 
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zinc nitrate solutions. The fact that the two 
curves in Fig. 1 converge to the same point at infi
nite dilution, which is in agreement with Nernst's 
limiting value, may be considered as an independ
ent check on the reliability of the present measure
ments. 

0.0 0.4 0.8 1.2 1.6 
tl/»m-''>. 

Fig. 4.—Comparison of equation 5 with polarographic 
diffusion current data for Zn(II) ion in 1.0 F NH4OH + 1.0 
F XH4Cl solution containing 0.01% by Wt. of gelatin.9 

It may also be of interest to point out that the 
tracer-diffusion coefficient of Zn(II) ion in 1.0 F 
XH4OH + 1.Oi7 NH4Cl solution is 45% higher than 
that of Zn(II) ion at infinite dilution. This shows 
that the tetrammino-zinc ion, Zn (NH3) 4

+ + , dif
fuses much faster than the simple hydrated Zn + + 
ion in solutions of equivalent concentrations. 

Data in Table IV also show clearly that gelatin 
has no appreciable effect on the tracer-diffusion 
coefficient of Zn(II) ion in 1.0 F NH4OH + 1.0 F 

The conductivity of uranyl sulfate in aqueous 
solution has been investigated at several tempera
tures and in various concentrations. The only 
previous work of this nature is that of Dittrich2 

and of Jones.3 Each of these investigators meas
ured the conductivity of uranyl sulfate at 25° 

(1) Presented before the 123rd Meeting of the American Chemical 
Society, Los Angeles, Calif., March 15-19, 1953. 

(2) C. Dittrich, Z. physik. Chew.., 29, 449 (1899). 
(3) H. C. Jones, Carnegie Inst. Wash. Publ. No. 170 (1912). 

NH4Cl solution containing less than 0.1% of gela
tin. This result is not unexpected for it is well-
known that proteins in general combine with ions 
of the transition metals in a manner similar to the 
combination of these metal ions with ammonia and 
amino acids to form complex ions and metal-chel-
ate compounds. Since in the solutions listed in 
Table V the concentrations of gelatin are negligibly 
small as compared to the great excess of competing 
ammonia molecules, the fraction of Zn(II) bound to 
gelatin in such solutions must be negligibly small. 
Consequently, the tracer-diffusion coefficient of 
Zn(II) ions in these solutions should be practically 
unaffected by the presence of gelatin. 

Comparison of the Tracer-diffusion Coefficient 
of Zn(II) Ion with Polarographic Diffusion Current 
Data.—By using the tracer-diffusion coefficient 
of the Zn(II) ion in 1.0 F NH4OH + 1.Oi7 NH4Cl 
solution determined in the present work, the "dif
fusion current constant," I = ii/(cm',Hl/i), is 
calculated as linear functions of tXhm~^l'\ The 
calculated results are plotted in Fig. 4 as three 
straight lines corresponding to A = 0, 17 and 39, 
respectively. The experimental points in Fig. 4 
are taken from the careful measurements of Lin-
gane and Loveridge.2 Examination of Fig. 4 shows 
clearly that the deviation of equation 1 with A = 
39 or A = 0 from the experimental values is much 
larger than that with A = 17. But the agreement 
between the experimental points and equation 1 
with A = 17 does not seem satisfactory enough for 
us to conclude definitely that the latter is valid. 
More work in this direction is desirable. 
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in concentrations ranging from one equivalent per 
liter of solution to 1/4096 equivalent per liter. 
There is wide disagreement between the two sets of 
experimental data. The present results are in good 
agreement with the work of Dittrich. 

Experimental 
Materials.—A stock solution of uranyl sulfate, prepared 

by dissolving pure UO2 in C p . sulfuric acid and^ adjusting 
the uranium/sulfate ratio on the basis of analytical deter-
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The conductance of uranyl sulfate in aqueous solution has been determined at 0°, 25°, 50°, 90°, 125° and 200° in concen
trations ranging from 1O -4 to 7.28 N. A value of Ai5 = 131 ohms"1 cm.2 equiv. - 1 has been obtained when correction is 
made for the conductivity of H + , U2O5

 + + and H S O 4
- present from hydrolysis. This corresponds to a value for Xu0,+ + of 

ol o h m s - 1 cm.2 equiv. - 1 . The degree of dissociation of uranyl sulfate into simple ions at 25° has been determined from con
ductivity data and tentative values for the mean activity coefficients have been calculated. These values have been used to 
determine the dissociation constant. Conductometric titrations with sulfuric acid of uranyl sulfate solutions containing 
dissolved UO3 show that UO3 behaves as a weak base in aqueous solution and exhibits a strong buffering action. 


