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The differential diffusion coefficient of cesium chloride has been determined by the conductometric method at 25° through
the concentration range 0.001 to 0.012 M. At these low concentrations, the results are in accord with the Nernst-Onsager

and Fuoss theory.

The diffusion coefficients of lithium,! sodium,}
potassium,? rubidium?® chlorides have been deter-
mined in dilute aqueous solutions by the conducto-
metric method devised in this Laboratory. The
present communication contains the differential
diffusion coefficient of cesium chloride in the dilute
solution range.

Theoretical Considerations.—The theory of On-
saget and Fuoss? leads to the equation

¢

in which the mobility term, 3/, for 1-1 electrolytes
is represented by
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and the thermodynamic term (1 + ¢(0 In y/
ac) by
dlnyx\ _ . _ 11514 Sv/C
(14e252) =1 - GRS+
4.606 Bc — cy¥(d) (3)

In these equations, D is the diffusion coefficient in
cm.?, sec.—!, T is the absolute temperature, ¢ is the
concentration in moles per liter and y.. is the activ-
ity coefficient on the molar concentration scale. D
is the dielectric constant of the water, and % its
viscosity. The equivalent conductances of the
cation and anion are A%, and A%, respectively, and
A is their sum. 8¢ is the limiting slope of the

Debye and Hiickel theory. A!l4/¢ = AVT = xa
in which T is the ional concentration, & the recipro-
cal radius, “a”’ the mean distance of approach of
the ions, and 4 = 35.56 X 108/(DT)':. The
quantity ¢(4’4/c) is the exponential integral
function of the theory which may be obtained
from tables given by Harned and Owen.® B is an
empirical constant and cy(d) the term required to
convert the expression from rational to molar ac-
tivity coefficient. This term is small enough
to be neglected in the subsequent calculations.
The limiting law for the diffusion coefficient is

- Pt
D = 17.872 X 1070 T (—F) ~ Soyve (@)
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where the limiting slope §(®) is given by
3.754 X 1073 Ny N0,

s _ AN | 8.683 X 10780 — A%\ ?
(D) D¥/: T/ A0 D'/ T/ ( A0 )
(5)
TasLE I
QuaNTITIES USED IN THEORETICAL CALCULATIONS
T 298.16 A 77.277
S¢p 0.5091° A0, 76.34°
70 8.949 X 10~ a X 108 3.00°
D 78.54° B 0.000*
o Ref. 5.

In Table I the specific quantities used in the
theoretical calculations are listed. Substitution of
these data in equations 2, 3, 4 and 5 leads to the
following numerical expressions

am "= - e
(C) X 10% = 41.273 — 0.000593 7T 0'ossv) +

18.959¢¢(0.9858+/¢) (2a)

dlnyx) _ , _ _ 0.5862v/E
(1 T % ) =1- G ¥ oossver ¥

D = 2.0463 — 1.1996+/¢ (4a)

Experimental Results.—Comparisons of the ex-
perimental results with those computed by equa-
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Fig. 1.—Diffusion coefficients of potassium, rubidjum
and cesium chlorides at 25°. The limiting theoretical equa-
tion is represented by the straight lines and the complete
theoretical result by the curved lines.
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tions 1, 2a and 3a are given in Table II. In the
last column values of D = Dops + (D — Dp)ecate.
are recorded. The mean value of D' is equal

TaBLE II

CALCULATED AND OBSERVED DiIFrFUSION COEFFICIENTS OF
Cestum CHLORIDE AT 25

D X 108 H X 108

¢ {obs.) {calcd.) D! X 16k
0.0000 .. (2.046) (2.046)
.00122 2.007 2.010 2.043
.00131 2,012 2.009 2.049
.00134 2.011 2.008 2.049
.00179 2.002 2.002 2.046
.00266 1.9¢0 1.994 2.042
.00275 1.988 1.993 2.041
.00314 1.994 1.991 2.049
.00368 1.990 1.987 2.049
.00849 1.965 1.963 2.048
.01287 1.946 1.950 2.042
Mean 2.046
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to the limiting value ©, and all the values are
within =0.29, of this mean. This confirmation
of the adequacy of the theory at concentrations up
to 0.01 molar is in accord with similar agreement
found for lithium, sodium, potassium and rubidium
chlorides.

In Fig. 1, the observed and calculated diffusion
coefficients of potassium, rubidium and cesium
chlorides have been plotted against the square root
of the concentration. The straight lines represent
the limiting equation 4a and the solid lines the val-
ues derived from the theory. Itis to be noted that
the diffusion coefficient of rubidium chloride is
about 0.5%, higher than that of cesium chloride.
This result is in complete accord with the recent
values of the limiting conductances obtained by Dr.
Walter E. Voisenet, Jr., in this Laboratory.

This investigation was supported in part by the
Atomic Energy Commission under Contract AT-
(30-1)-1875.
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Conductometric and potentiometric titrations, analyses and solubility determinations were carried out on the system cre-

ated by the addition of 1 ¥ NaOH to 0.1 N Pb(NO;),.

Precipitates with compositions which correspond to the empirical

formula Pb({NO;);Pb(OH); and Pb(NG;)::5Pb(OH), were formed. No Pb(OH); was found cven appreciably past the

equivalence point.

Introduction

The addition of a solution of sodium hydroxide to
a solution of lead nitrate might be expected to form
a precipitate of lead hydroxide followed by disso-
lution of the precipitate with the formation of so-
dium plumbite. It has been found that the above
system is not as simple as it was believed to be and
discrepancies arise which have an important bear-
ing upon the titration of systems containing the
Pbt+, NO;~ and OH™ ions as well as the prep-
aration of lead salts in an aqueous medium in the
presence of nitrate ions.

An examination of the literature reveals that
numerous compounds of Pb, NO; and OH groups
are proposed.?—* The formulas of many of the
proposed compounds were deduced by indirect
means and considerable confusion exists on certain
points. Also, many of the proposed compounds
were formed under very special conditions. Brit-
ton studied the precipitation of lead salts by hy-
droxyl ions but made assumptions as to the compo-
sition of the precipitates formed. For the com-
pounds formed in aqueous media, Berton’s work? is
of greatest interest. He stated that the titration
of Pb(NOj), with NaOH produced compounds
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The results are in opposition to other published data.

with compositions in agreement with the following
empirical formulas

3Pb(NOy);- Ph(OH):
PBH(NOs),- Pb(OH ),
Pb(NOs)s-3Pb(OH ),

The system resulting from the addition of 1 &V
NaOH to an aqueous solution of 0.1 N Pb(NOs):
was studied conductometrically, potentiometric-
ally and analytically by the authors in an attempt
to verify Berton's data.

Experimental

The conductance of the above system was measured as a
function of the addition of carbonate-free sodium hydroxide
to the lead nitrate at 25°. Sufficient time clapsed between
the additions of sodium hydroxide and tlie conductance
measurement to cnsure equilibrium. The results of this
investigation are presented in Fig. 1, in which the con-
ductivity has been corrected for the dilution effect produced
by the addition of the NaOH solution.

The graph shows a gradual decrcase in conductivity
until the region of the 5/; fraction of the cquivalence
point is rcached, where a very sharp minimium is en-
countered. This minimum suggests the formation of a
compound whose composition corresponds to the 3/, fraction
of the equivalence point. Further, a white precipitatc
forms upon the addition of the first drop of NaOH solution
and remains throughout the course of the titration. This
fact, coupled with the gradually decreasing conductivity of
the solution during the initia! additious of sodium hydroxide,
suggests the precipitation of some other compound, whose
solubility is greater than that of the /s compound.

These results are in disagreement with the data published
by Berton?in that he reports three breaks in1 the conductance
vs. ml. of NaOH curve which occur at the '/, /> and 3/,
fractions of the equivalence point.



