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undoubtedly real. These values if divided by the
concentration of mercury dimethyl! in molecules/cc.
should give ky/k'*. The results are as follows:
5.5, 5.0, 4.8, 4.8, 4.1 all times 10~!% molecules—"/2
cc.”/t sec.™":, The average value i{s 4.8 X 10—
in this respect in good agreement with the Rebbert
and Steacie value of 4.6 X 10~!* at the same
temperature. The trend in the results in Table
I could be due to several causes, such as ‘‘volume
effect,” walls, or possibly a method of ethane
formation in addition to 1.

There are reasons for suspecting that a second
ethane forming step may not be real,® but one argu-
ment in favor of such a step needs to be examined.
Evidently at 175° (Table I) more than two methyls
appear as methane and ethane per quantum ab-
sorbed. This might be due to some reaction which
could be written either as the single step

CH; + Hg(CH;): = C:Hs + Hg + CH; (3)

or as a sequence of steps® with the same over-all
result. However, the quantum yield of ethane
formation is nearly independent of the amount of
methane formed. This makes one suspect that
formation of methane is accompanied by regenera-
tion of methyl radicals at 175°, possibly by de-
composition of CH,;HgCH;. Ethylene is observed
at temperatures over 200° so that CH,HgCH, may
decompose to give CHs, CHy and Hg. At 175° the
fate of HgCH, is unknown. Further speculation
about the mechanism is not warranted. Suffice to
say that short chains evidently occur, in agreement
with the work of Linnett and Thompson.*

The formation of ‘‘hot” methyls has been postu-
lated for this reaction by several authors.!* If the
steric factor for reaction 2 for “hot’’ methyls is the
same as for “cold’’ methyls, it would be exceedingly
difficult to obtain evidence either for or against
them. At most 19, of the initially formed meth-
yls would form methane because they are “hot,”
1.e., the quantum yield of methane from this source
would be not over 0.01 to 0.02 and would escape
notice under most experimental conditions. At
175° where some of the methyls are formed from a
chain propagating step an even smaller fraction
would appear to be “‘hot” and the conclusion of
Rebbert and Steacie’ that ‘‘hot’’ methyls can be
neglected in obtaining activation energies for the
methane forming steps is undoubtedly correct
under most experimental conditions.

It may be stated, therefore, that there is no
conclusive evidence for an ethane forming step
other than 1 and that evidence either for or against
“hot”’ methyls could be obtained in this system
only under exceptional circumstances and with
data of very high precision.

This work was supported in part by contract
with the Office of Naval Research, United States
Navy.
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Current. II. Diffusion of Small Amount of

Thallium Ion in Aqueous Potassium Chloride
Solutions!
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Previous results on the tracer-diffusion co-
efficients of Pb(II) and Zn(II) ions in solution of
various supporting electrolytes show that there is
considerable disagreement between the observed
“diffusion current constant”” and the theoretical
values computed from the Ilkovi¢ and Lingane-
Loveridge equations, respectively.! Values of the
“diffusion current constant” calculated from the
Strehlow-von Stackelberg equation lie closer to
the experimental values for Pb(II) ion in 0.1 F
HC1 + 0.1 F KCI solution and for Zn(II) ion in
1.0 F NH.OH + 1.0 F NH,CI solution, respec-
tively, but the agreement is not satisfactory enough
for us to conclude definitely that the Strehlow-
von Stackelberg equation is correct.

In the present work the tracer-diffusion coeffi-
cients of T1(I) ion in aqueous potassium chloride
solutions were determined. The results were dis-
cussed in the light of Onsager’s theory for tracer-
diffusion in dilute solutions. The ‘‘diffusion cur-
rent constant’” of TI(I) ion in 0.1 F KCI solution
was then calculated from the present data by means
of the Ilkovi¢, Strehlow-von Stackelberg and
Lingane-Loveridge equations, respectively, and
compared with experimental data.

Experimental

Tracer Solution.—TI1204 was used as tracer for TI(I) ion.
This was obtained from the Isotopes Division of the U. S.
Atomic EnergyCommission at Oak Ridge, Tennessee. In
order to eliminate possible adsorption errors,! all solutions
useéi in the present work were made from 0.0005 to 0.002 in
TICI.

Diffusion Measurement.—The experimental method of
tracer-diffusion measurement has been described previously.?
All measurements were carried out at 25.00 & 0.01°.

Results and Discussion

The tracer-diffusion coefficients of TI(I) ion in
aqueous potassium chloride solutions at 25° as
determined in the present work are summarized
in Table I. Each value of D listed in Table I is the
average result of six measurements.

TABLE 1

TRACER-DIFFUSION COEFFICIENTS OF TI(I) Ton 18 AQUEOUS
KC1 + TICI SoLUTIONS AT 25°

Corrert, of KCI, Conen. of TICI, D X 108,
formula wt./1. formula wt./I. cm.2/sec.
0.005 0.0005 1.92 +£0.02
.02 .002 1.90 = .03
.05 .002 1.80 &= .02
.10 .002 1.84 &= .02
.20 .002 1.79 = .02

Using appropriate units the Onsager equation?
can be written as
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(3) L. Onsager, Ann. N¥. Y. Acad. Sci., 46, 241 (1945).
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where D; is the tracer-diffusion coefficient of ionic
species j in a dilute solution containing other kinds
of ions i, Z; is the charge in electronic units and ¢
the concentration in moles per liter of ion i, A;° the
limiting equivalent conductance of ion j, D the
dielectric constant of the solvent, 2 the Boltzmann
constant, F the Faraday constant, 7" the solute
temperature, and d{w;) a function given by

| Zi | Ny

1
) = 5275 20 0671z + ST Z0)

using Mg+ = 74.7,* Ng+ = 73.5 and N¢i- = 76.35°
for the present system, equation 1 can be simplified
to

D X 10° = 1.95 — 0454 /¢ (2)

Equation 2 is plotted in Fig. 1 together with
values listed in Table I. The shaded point repre-
sents the limiting value of D at infinite dilution
computed from conductance data.*® Figure 1
indicates that as the concentration of the support-
ing electrolyte approaches zero the D wvs. /¢
curve approaches very closely to the straight line
representing equation 2. This agreement is rather
surprising since there appears to be some evidence
that TICl has a small dissociation constant in
aqueous solutions and yet the measured values of
D for TI(I) ion in KCl(aq) agree with the theoret-
ical values predicted by equation 2 better than
those for the tracer-diffusion of the ‘‘normal”
ions such as Na*, Cl-, Cs*, etc., in KCl (aq).t
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Fig. 1.—Tracer-diffusion coefficient of TI(I) ion in KCl(aq)
at 25°.  The straight line represents equation 2.

If the evidence for the complex formation of TI(I)
ion in chloride solutions is valid,” we may take the
values depicted in Fig. 1 as suggesting that the
ion-complex, such as TIC], diffuses somewhat
slower than the simple T1* ion in dilute solutions.
The equation for the polarographic diffusion
current at the dropping mercury electrode is

AD‘/at‘/d>

(3)

i = 607TuD/2cm?/st'/s (1 + -
m'/s
(4) R. A. Robinson and C. W. Davies, J. Chem. Soc., 574 (1937).
(56) H.S.Harned and B. B. Owen, “Physical Chemistry of Electro-
lytic Solutions,” 2nd Ed., Reinhold Publ. Corp., New Vork, N. V.,
1950, Appendix A.
(6) J. H. Wang, Tuis JournaL, T4, 1182, 6317 (1952); J. H. Wang
and F. M. Polestra, unpublished work,
(7) See p. 147 of reference 5.
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where A = 0 according to Ilkovi¢, 4 = 17 ac-
cording to Strehlow—von Stackelberg, and 4 =
39 according to Lingane-Loveridge.® The diffu-
sion current constant, I = 4q/(cm*#/%), of TI(I)
ion in 0.1 F KCl solution containing 0.019, by
weight of gelatin at 25° has been measured as a
function of #/#m—"1 by Strehlow and von Stackel-
berg® and by Strehlow, Médrich and von Stackel-
berg, respectively.!® Their data are plotted in
Fig. 2.
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Fig. 2.—Comparison of equation 3 with polarographic dif-
fusion current data for TI(I) ion in 0.1 F KCI solution con-
taining 0.019; by weight of gelatin at 25°: O, data from
reference 9; -+, data from reference 10.

The three straight lines in Fig. 2 represent equa-
tion 3 with 4 = 0, 17 and 39, respectively, com-
puted from the present diffusion data with Dr;q) =
1.827 X 10=% cm.?/sec. in 0.1 F KCI solution
without gelatin as read from the curve in Fig. 1.
Tanford!! showed that the fraction of TI(I) bound
to bovine serum albumin is negligible at all experi-
mental pH values. Consequently we may con-
sider the effect of 0.019, gelatin on the tracer-
diffusion coefficient of TI(I) ion in 0.1 F KCl
solution as negligible.

It is clearly shown in Fig. 2 that the deviations
of equation 3 with A = 0 or 39 from the experi-
mental values are much larger than those for A =
17, although the agreement for A = 17 cannot be
consideerd as entirely satisfactory.
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