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The structure consists of slightly distorted oc-
tahedrally coérdinated complexes of two glycine
residues and two water molecules about the
nickel atoms. These complexes are held to each
other by strong oxygen-to-oxygen hydrogen
bonds and by both strong and weak nitrogen-to-
oxygen hydrogen bonds.

Because of the unfortunate orientation of the

ANDREW VaN Hooxk AND Harry D. RusseLL

Vol. 67

molecule with respect to the axes of the crystal,
some of the parameters were not evaluated from
projections but were in part calculated from as-
sumed interatomic distances.

The structure of the glycine residues is sub-
stantially the same as that found by Corey and
Albrecht! for glycine.
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The Diffusivities of Concentrated Sucrose Solutions!

By ANDREW VAN Hoox aAND Harry D. RusseLL?

1. Introduction

Although dilute sucrose solutions are frequently
employed as primary standards in diffusion
studies, relatively little attention has been paid
to the evaluation of this property at higher tem-
peratures and at concentrations of the order of
saturation. It is exactly these conditions at
which the diffusivity is of mnuch interest and value
for the kinetic interpretation of the crystallization
of sucrose.? This paper reports the results of an
endeavor to supply this desirable information.
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Fig. 1.—Integral diffusivities of sucrose solution: Q,
this work; [T}, Oholm, at 12, 20 and 29°, respectively,
"I.C.T.”; A, McBain,? 25°.
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II. Experimental and Results

The Northrup*McBain® porous disk technique
was employed. Five different cells were em-
ployed, and each value presented in Fig. 1 is the
average of at least two determinations in different
cells. Solutions were analyzed refractometrically
with a Bausch and Lomb dipping instrument,
previously calibrated in almost perfect agreement
with the values of the “International Sugar
Tables.”® Weight percentages were computed
to molarities, etc., by means of Plato’s tables.?
Sucrose,” potassium chloride’ and hydrochloric
acid® were used to calibrate the cells® at tempera-,
tures below 35° while mannitol!® was used at
higher temperatures. Excellent agreement was
realized with these different standards.

The calibrated cell constant is essentially the
ratio of the effective area of all pores to the
thickness of the disk; and since the former will
vary quadratically with the temperature and the
latter changes only linearly, the net change of the
cell constant will be a fractional increase of « Af,
where « is the linear expansion coefficient of the
glass of which the disk is constructed. « of Pyrex
glass is of the order of 10~¢, which with the maxi-
mum temperature spread encountered in this work
(80°) indicates an insignificant correction to the
cell constant. Actually some slight increase in
the cell constant is observed at increasing tem-
peratures. Some values determined for some of
the cells used in this work are presented in Table
I. The values in parentheses were obtained when
the cells were not previously well aged at the tem-
peratures designated.

It was_intended initially to investigate the
diffusivities of supersaturated solutions in par-
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TaBLE I
VaARrIATION OF CELL CONSTANT WITH TEMPERATURE
Temp., °C. 1 elts 3

8.3 270 (301) 241 268
30.2 274 (266)
40.0 272 245
51.9 278 243
69.2 (272) o
73.0 - 238 279
88.0 245 283
87.2 245
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ticular, but after overcoming the many difticulties
of filling the cells with such viscous solutions, only
irregular and unreliable results were realized.
After such a trial the cell employed would evalu-
ate to its original constant only after being soaked
in water. This behavior suggests a crystalliza-
tion within the pores of the disk, even though
this is not observed in the bulk solution. Alter-
natively, the sintered glass membranes may be
able to swell and shrink in accordance with
changes in liquids to which they uare exposed
(J. W. McBain. Communication).

At the higher temperatures investigated in this
work a small amount of solvent water condensed
on the upper parts of the completely enclosed cell,
necessitating a small correction in the volume of
the diffusate solution. In a few experiments a
regular loss of water was permitted by evapora-
tion and the computations made accordingly were
in excellent agreement with the general results.

All solutions were initially adjusted to a pH of 8
by the addition of a minute amount of sodium
hydroxide solution. It was computed from the
velocity constant of inversion, and independently
confirmed (polarimetrically and refractometri-
cally) at the highest temperature and concentra-
tion employed, that inversion was not significant
during the period of an experiment.

The results obtained are presented in Fig. 1,
together with some values from the literature for
comparison. Additional values at concentrations
below 0.5 M were obtained, and in agreement with
reported values they indicate a rather sharp
upturning at low concentrations of these seem-
ingly linear curves. They are not discussed in
this report since the primary interest was in the
values at higher concentrations® and also since
they are not sufficiently comprehensive to con-
tribute, other than in a confirmatory way, to
the need for extensive diffusion data in the dilute
range.!!

The diffusivities represented in Fig. 1, D', are
integral or mean values over a range of concen-
trations and are to be related to the true dif-
ferential coefficient, D, by the relation!?

dD’

=D’ az
D=D +CdC

This has been done with the values of Fig. 1 via a
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least squares method and the computed values
are computed as the full lines in Fig. 2, and where
the points represent some results of other workers,
The curves form a family of straight lines with a
common origin at a concentration of approxi-
mately 3.26 M. At 90° this is just about a satu-
rated solutiomn, thus coinciding with the question-
able suggestion of Mertens,!? that the diffusivity
of saturated solutionsis zero; butat the lower tem-
peratures, where the computations are much more
significant, the limiting concentration is much
higher than saturation (e. g., at 10°, D = 0 at
S = 1.27, where S = 9, sucrose in sirup/%, su-
crose in saturated sirup).
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Fig. 2.—Differential diffusivities of sucrose solutious,
interpolated from results of Fig. 1: O, Thovert at 18.5°,
Landolt-Bornstein’ “Tabellen.”

A series of determinations of the diffusivities of
0.1 M potassium chloride were performed at the
higher temperatures utilized. The computed re-
sults are presented in Fig. 3.
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Fig. 3.—Temperature dependence of diffusion of 0.1 N
potassium chloride solution: (O, this work; {7], Landolt—
Bornstein? '‘Tabellen.”
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III. Discussion

The temperature dependence of the diffusion
coellicient 1s displaved in Fig. 4. i1 which the
superior semi-logarithmic-reciprocul temperature
represcutation is cmployed.’  The activation en-
ergies computed Irom the slopes of these curves
decrease from the order ol 6000 cal. at 10° to
3000 cal. at Y07, This 1s the usual range allotted
e diffusional and other “phyvsical” processes, '
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Fig. 4. ~Temperature dependence of diffusion eocthicient
of snerase,
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The parameters usually invoked to explain
the temperature and concentration variation of
diffusion are the wviscosity and the activity.
These {actors are coupled in the expression!®!?

D=pD" (1 R d)?ﬁf)
M tdlne

With the viscosity data of Bingham and White!®
and others!™? the first factor gives computed
valies of the diffusivity (D) much lower than
those observed, and the second activity factor?
clevates these values only slightly, to within only a
third to a fifth of the actually observed values.
This same situation obtains in dilute sucrose solu-
tions but to a less magnified extent.!!  Apparently
some factor is operating which has a more pro-
nounced effect upon viscosity than upon diffusion.?
A (hydrogen bonded)! cluster of sucrose molecules
might offer tremendous fluid resistance to move-
ment through a medium, and yet lose or exchange
its individual members quite freely in diffusion.

IV, Summary

The diffusion coefticients of aqueous sucrose so-
lutions diminish linearly from concentrations above
one molar to at least the saturation concentration.

The Stokes—-Einstein mmplication of an inverse
diffusivity-viscosity relation is entirely inade-
quite to explain the results obtamed.

Diffusion coefficients of U.1 .1/ potassium chlo-
ride exhibit a slight convexity on the usual semi-
logarithmic-reciprocal temperature plot.
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The Solvent Effect of Lithium Nitrate on Zinc Acetate in Acetic Acid

By ErnesT GRISWOLD, AUGUST ASH AND LEO MCREYNOLDS

1t has been shown! that zinc acetate, which is
only slightly soluble in acetic acid, becomes much
more soluble when sodium or ammonium acetate
15 added.  Since the acctates are bases in acetic
acid,* this phenomenon is analogous, formally at
least, to the familiar anmiphoteric behavior of zinc
hydroxide in aqueous solutions of strong alkalies.
Evidence that the rescinblance is more than a
formal one and that specific chemical effects play
an jmportant part in the solvent action of the
acetates nentioned, is furnished by the fact that
ternary addition compounds were isolated con-
taining zinc acetate, sodium or anunoniumm ace-
tate, and acetic acid.

1: () Davidson and MeAllister, T'uis Journar, 52, St r1n3im

(1) Davidson and Griswold, sbid., 5T, 423 (1U35).
{2) Davidson and McAllister. ibid., B2, 507 (1930

That salt effects also may be rather large in
acetic acid seems probable because of the rela-
tively low dielectric constant of this solvent.
Evidence favoring this conclusion has been re-
ported by several investigators.? Since none of
these studies of salt effect involved the use of
zince acetute, however, it seemed of interest to
wvestigate the cffect of some neutral salt upon
the solubility of this compound in acetic acid, in
order that 4 comparison might be made between
the solveut action of the neutral salt and that of
the strong bases in this solvent.  Lithium nitrate
was chosen as a suitable salt for the purpose, and
this puper presents the results of a study in which
its solvent effect upon zine acetate was observed.

i3) Seward and Hamblet, tbid., 84, 534 (1932); Scholl. Fntchisou
and Clendlee, ihid., 85, 3081 (1933).



