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3. Todine in alkaline media has been shown
to produce azo- and mnitroso-benzenesulfon-
amides., These products are of bacteriological
interest.
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4. The bacteriological and roentgenological

properties of these substances are under inves-
tigation. '
New York, N. Y.

RecrIVED Mav 29, 1937

[CONTRIBUTION FROM THE LLABORATORIES OF THE ROCKEFELLER INSTITUTE FOR MEDICAL RESEARCH]

The Densities of Mixtures of Light and Heavy Water

By L.‘G. LONGSWORTH

In the preparation of some H;O-D;O mixtures
for use in a series of transference measurements
with such mixtures as solvents, it was observed
that the mole fraction of DO in the solvent com-
puted from the weights of H,O and D,O deviated
by as much as 0.59, from the value obtained with
the aid of the relation

Npwo = 9.377 AS — 1.01 AS? 1

in ‘which
128,

=1 =g, =1 — %
AS =1 —d% =1 ~ Goeo,

This equation is due to Lewis and Luten! and
modified by Baker and La Mer.? It seemed de-
sirable therefore to redetermine the densities of
these mixtures as a function of the mole fraction,
Np,o, of deuterium oxide.

The starting material was a sample of heavy
water having a specific gravity of 1.10700. Ac-
cepting the value of 1.10790° as the specific
gravity of pure D,O the value of Np,, for this
sample may be taken tentatively as 0.10700/
0.10790 = 0.9916,. Weighed quantities of this
and ordinary water were mixed and the density
of the resulting liquid was determined. This proc-
ess was repeated until Np,o had been decreased
to 0.2 in steps of 0.2. '

The density measurements were made with the
aid of a pycnometer similar to that described by
Smith and Wojciechowski.* The volume of the
pycnometer was 8.5 ml. and the capillary neck,
marked with a single graduation, had an internal
diameter of 1.4 mm. The pycnometer was filled
with the aid of a hollow stainless steel needle.
The pycnometer was then placed in a thermostat
at 25.00° and the position of the meniscus relative
to the graduation was observed to 0.001 cm. with

(1) Lewis and Luten, THrS JoUrNAL, 88, 5061 (1933).

(2) Bsker and La Mer, J. Chem. Phys., 8, 406 (1935).

(3) Selweed, Taylor, Hipple and Bleakney, THis JOURNAL, #7,
€42 (1935). ‘

(4) Smith and Woejciechowski, Rocsniki Chem., 16, 104 (1938).

a traveling microscope. Weighings were then
made with a duplicate pycnometer as counter-
poise. An air density of 0.0012 was used in the
reduction of the weights to vacuum. ,

The results are given in Table I. This table
also includes the density of D,O-free water and
the value of Np,o for natural water from the
work of Johnston® and Tronstad, Nordhagen
and Brun.® The values of AS, column 4, are, in
contrast to those of equation (1), referred to the
density of D;O-free water. The atomic weights
used were O = 16.0000, H = 1.00756, D =
2.01309, as given by Urey and Rittenberg.” The
oxygen isotope ratio was assumed to be normal
in all H,O-D,O mixtures. It will be noted that
the atomic weight of hydrogen has been given a
correction for the deuterium normally present.

TaBLE I
THE DENSITIES AND MOLAL VOLUMES OF MIXTURES OF
H;0 anp DO
1 2 3 4 -5 6
2 V — Va,
Material Npso d, AS AS caled. ml.
D;0* 1.00000 1.10466 0.10792 0.10790 0.0000
Starting material 0.99166 1.10376 .10702 = .10701 - .0001
Dilution 1 .82358 1.08370 .08891  .08892 0005
Dilution 2 .61023 1.06279 .06593 .06593  .0003
Dilution 3 .40243 1.04044  .04351 . .04351  .00OI
Dilution 4 .20192 1.01884 .02185 .02185  .0000
Natural water? .00017; 0.99707: .00001s .00D01s .0000
H:05% .00000  ,99703; .00000 .0000

It is of considerable interest that H,0-D,0O
mixtures form a perfect solution, almost ‘within
the experimental error, as tested by the absence
of a volume change on mixing. Identifying H,O
and D,0 with the subscripts 1 and 2, respectively,
a perfect solution conforms to the relations

Ve = Nuw + Nave 2

in which V, is the volume of a mole of solution

(5) Johnston, THis JOURNAL, B7, 484 (1935).

(8) Tronstad, Nordhagen and Brun, Natyre, 1836, 515 (1935).

(7) Urey and Rittenberg, J. Chem. Phys., 1, 137 (1833).

(8) J. H. Hildebrand, “Solubility of Non-Electrolytes,”’ Reinliold
Publishing Corp., New York, 1936, 2d edition, p. 58.
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and o the molal volume of a pure component.
The actual molal volumes, 1V, of the solutions
are given by the relation
V= (N\M: + NoMy)/d (3)

in which M is a molar weight and d the observed
density. The expansions on mixing, V — V,, re-
corded in column 6 of the table are zero almost
within the limits of precision of the density de-
terminations, 4. e., =1 X 1075 Consettiently,
if this expansion is assumed to be negligible,
equations (2) and (3) may be combined to give
the following simple relation between Np,, and

AS
in which
= M;/Mz(l - d;/dz) = 9,235
B = [Md,/d — _M.}/M,(l ~ dy/ds) = 0.0809.
Evaluation of « and 8 from the data of Table I

Npwo = ¢AS/(1 — BAS) 4y’

JessiE Y. CANN AND ALicE C. TAYLOR
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by the method of least squares gives @ = 9.2351
and 8 = 0.0327, and sitice these comstants re-
produce the densities within the experimental un-
certainties, as is shown by a comparison of col-
umns 4 and 5, their use is recommended.

The author wishes to thank Dr. D. A. MacInnes
for many helpful suggestions in connection with
this work.

‘Btithmary
The detisities at 25° of a series of mixtures of
light and heavy water have been determined.
Contrary to the conelusion of eatlier workers
the componerts mix without appreciable change
of volume. This fact is used in obtaining a new

formula relating the composition of the mixtures
to their densities.

New York, N. Y. RECEIVED JUNE 4, 1937

[CONTRIBUTION FROM THE CHEMICAL LABORATORY OF SMITH COLLEGE ]
The Potential of the Ag(s), Agl(s), I” Electrode!

"By JBssie Y. CANN AND ALICE C. TAYLOR

. The purpose of this investigation was to deter-
mine, by means of electromotive force measure-
ments, the potential of the Ag(s), Agl(s), I~ elec-
trode.

A search of the literature revealed that the re-
sults obtained for the value of this electrode wete
not concordant.? ‘

Method and Apparatus

In this investigation the cell
Ag(s), AgCl(s), m KCl(aq.), m Kl(aq.), Agl(s), Ag(s)

with flowing junction, was measured. Two pieces
of apparatus were used: (1) that of Maclnnes
attd Yeh,® and (2) that of Canti and Mueller,*
suggested by the work of Randall and Cann.’
In each case care was taken to prevent t.he flow. of
liguid over the electrodes.®

The cell was placed in the usual oil thermostat,

(1) The experimeéntal part of this paper is a portion.of a thesis
submitted by A, C. Taylor in partial fulfilment of the requu-ements
for the degree of Master of Arts at Smith College,

(2} (a) Noyes and Freed, THis JOoURNAL, 42, 476 (1920); (b)
Gerke, ibid., 44, 1684 (1922); (c) Pearce and Fortsch, ibid., 45,
2863 (1923); (d) Hass and Jetlinek, Z. physik. Chem., 162, 153 (1933);
(e) Owen, THis JoUurNAL, 87, 1526 (1935).

(3) Maclnnes and Yeh, ibid., 48, 2583 (1921).

(4) Cann and Muelter, ibid,, 5V, 2535 (1835).

(5) Randalt and Cann, #dd., §9, 539 (1830).

(8) Carmody, ibid., 64, 210 (1532); Cann and LaRue; tbid., 54,
3456 (1932).

regulated at 25°, and measurements were made
with a shielded Leeds and Northrup Type K
potentiometer.

Materials

“All solutxons were made up by weight, moles
per 1000 g. of water in vacuum, from high grade
“andlyzed’’ salts and conductivity water. - Care
was taken to remove all traces of oxygen by bub-
bling an inert gas through the solutions.

The Ag(s), AgCl(s) spiral electrodes were made
according to the method'of Randall and  Young.’

The Ag(s), AgI(s) spiral electrodes were made
by two different methods: first, electrolytically
following the general method of Randall and
Young,” electrolyzing the reduced silver spirals
in a 0.05 tormal solution of hydriodic acid, with &
current of 0.005 ampere, for two hours; and, sec-
ond, by heating to 650°, the silver spirals covered
with a pdste of one part silver jodate and nine parts
gilver oxide, for ten minutes in accordance with
the second method of Owen.” Both sets of elec-
ttodes were protected, as much as possible, from
light. After being washed in distilled water, each
set was short-circuited together for some hours.
Immediately before being introduced into the cell

(7) Rendail and Young, tbid., 80, 98Y (¥928),



