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The Freezing Points of Aqueous Solutions.

IX. Mixtures of the Reciprocal Salt

Pair: Potassium Nitrate-Lithium Chloride!

By GEORGE SCATCHARD AND S. S. PRENTISS

In the study of mixtures of electrolytes there
are advantages in treating together all possible
mixtures of a reciprocal salt pair. The system
potassium nitrate-lithium chloride was selected
because of the great difference in behavior of the
simple salts. The osmotic coefficient of potassium
nitrate differs little from the Debye-Hiickel limit-
ing law, and that of lithium nitrate passes through
a minimum and becomes positive at about one
molal. The coefficient of lithium chloride is
almost the same as that of lithium nitrate, and
that of potassium chloride is about the average of
those of the two nitrates.

Solutions of a reciprocal salt pair may be re-
garded as a three-solute system by omitting one
salt and permitting negative concentrations of the
salt having no ion in common with the omitted
one. The results are symmetrical, however, if it is

The numbers under the formulas indicate the sub-
scripts which will be used in this paper. They are
so chosen that the two odd salts (or the two even
salts) have no ion in common.
The above condition relates the ten B (or C)
coefficients by four equations of the type
By + By = By + By (1)
and the twenty D (or E) coefficients by ten equa-
tions of the type
Dy + Dy = Do + Dagxe 2
These equations permit covering the whole field
(up to the five-halves power of the concentration)
with measurements only on the single salts and
on mixtures with a common ion. If two mixtures
are measured for each of two such pairs, one mix-
ture each is sufficient for each of the other two.
The mixture of equal parts of all four ions was also
studied as a check. The measurements on the

TaBLE I

EQuATIONS FOR CONDUCTANCES AT 10°

KNO; A
KCl A
LiNOs A
LiCl A

105.000 — 45.2135 M2 + 1.7860 M + 31.9477 M*/* — 26.5585 M* + 6.4726 M’/
107.377 — 45.5871 M'/* + 37.6022 M — 18.0042 M*/* + 3.6623 M? — 0.1586 M*/»
78.257 — 41.0097 M*/* + 38.3162 M — 30.3563 M*/* + 12.8752 M2 — 2.2836 M’/
80.634 — 41.3834 M'/* + 36.4632 M — 27.1076 M*/* + 10.25468 M? — 1.5638 M*/*

DEVIATIONS FROM ADDITIVITY

KNO3(0.75) — KCI(0.25)
KNO4(0.5) — KCI(0.5)
KNO;(0.732) — LiNO4(0.268)
KNO;(0.515) — LiNO;(0.485)
KCI(0.5) — LiC1(0.5)
LiNO3(0.5) — LiCl(0.5)
KNO3(0.5) — LiC1(0.5)

treated as a four-solute system with one equation
of condition. If the ions are taken as the solute
components, the condition is the law of electrical
neutrality
(K + Lif) = (NOs7) + (C17)
where the symbols in parentheses represent con-
centrations. The method of analysis developed in
our earlier papers is simpler if the four salts are re-
garded as the solute components. The correspond-
ing condition is the chemical equation (identity)
KN103 + Li3Cl = K2Cl + Li‘iN O

(1) Paper VIII in this series appeared in THis JourNaL, 86, 2314
(1934).

AA = +0.0421 M? — 0.0613 M*/*
AA = — 1502 M? 4+ 0666 M/
AA = — 4871 M? + .2340 M/
AA = — 90686 M? + 4882 M'/?
AA = — 6098 M?® 4+ 3540 M*/:
AA = 4+ .0322 M? + .0270 M*/
AA = —1.1512 M* + .6148 M*/

single salts have already been reported. The
mixtures studied are: KNO;(0.75) — KCl1(0.25);
KNO;(0.5) — KC1(0.5); KNO;(0.7316) — LiNO;,
(0.2684); KNO0;(0.5150) — LiNO3(0.4850); KCl
(0.5) — LiCl{0.5); LiNOs(0.5) — LiCl1(0.5); KNO;
(0.5) — LiCl(0.5). The last mixture is also
KCl(0.5) — LiNO;(0.5).

The experimental procedure was the same as
that described in the earlier papers, and the salts
used were materials purified for the measurements
on the single salts except that, for the mixture with
potassium nitrate, new lithium nitrate was pre-
pared by essentially the same method as before.
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As in paper VIII we express the conductance of
the simple salts by equations of the type
L/M = (L/M)o + aM: + BM + yM*/2 + 6M? + ell{"/”

3

The coefficients were determined by least squares,
relating (L/M), and « by the Onsager equaticn.
The original results were adjusted slightly to
make the limiting conductances additive func-
tions of the ions. For the mixtures the first
four coefficients were taken as additive, and
the deviations of the last two from additivity,
expressed as AA, determined by least squares.
For the equimolal mixture of all four ions, the
additive value is the mean of those of the
four single salts. Table I contains these
values of the coefficients, and the deviations
of the individual measurements from the
equations are shown in Fig. 1.

The very small 8 and positive v of potas-
sium nitrate are worthy of notice. This be-
havior corresponds to that noted by Shed-
lovsky? for this salt at 25°. In spite of this
irregularity, mixtures with other salts show
only slight deviations from additivity. Our
solutions were handled in the air since the
solutions to be analyzed must be so handled.
The conductances could be measured with
greater accuracy in investigations planned for
that alone, and our conductance results may
be looked upon as exploratory.

Figure 2 shows the osmotic coefficients of
potassium nitrate, of lithium nitrate and of
their equimolar mixtures. The broken line is
the mean of those for the two single salts.
Figure 3 shows the corresponding quantities
for the chlorides. Figure 4 shows equimolal
mixtures of potassium nitrate and chloride,
and of the lithium salts. The means of the
osmotic coefficients of the component salts
are not shown as they never differ from the
measured values of the mixtures by the width
of the lines as drawn. Figure 5 shows the
osmotic coefficient of the equimolar mixture of
potassium nitrate and lithium chloride, or of
potassium chloride and lithium nitrate. The
lower broken curve is the mean of the coeffi-
cients of the first pair, the upper one the
mean of the coefficients of the second pair. The
middle broken line is the mean of all four salts.

The curves show the most important char-
acteristics of the osmotic coefficients for these

(2) T. Shedlovsky, Tris JoURNAL, 54, 1411 (1932),

A (A/Ao).
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mixtures: that they are additive up to fairly
high concentrations, and that the deviations are
never great even at the limit of our measurements.

In determining the coefficients by least squares
it was found in fact that the B coefficients were
linear for mixtures with a common ion as closely
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Fig. 1.—Deviations of conductance ratios.

as the calculated coefficients fitted the condition

equations (1).

When this slight adjustment was

made to make the B's linear, the same relation

‘was

found for the C coefficients. When these

were adjusted to linearity, the D’s and then the
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E’s were found to reduce to quadratics instead of
cubics. The coefficients so determined gave a
maximum error of 0.15%, for the mixture without a
common ion. The final coefficients were deter-
mined to spread this error among the eleven
measurements. From the reduction in the num-
ber of terms necessary to express our measure-
ments it follows that there were many more

1.0
0.9
B ]
0.8
0.7
0.5 1.0 1.5
VM.

Fig. 2.—Osmotic coefficients of nitrates.

determinations than necessary to specify the
system. The B and C coefficients are deter-
mined by the measurements on the single salts
alone, and three measurements on mixtures
would have been sufficient to determine the D
and E coefficients. The coefficients so determined
are given in Table II, and the deviations of the
individual measurements from the osmotic co-
efficients calculated from these constants are
given in Fig. 6.
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Fig. 3.—Osmotic coefficients of chlorides,

From the hypothesis that two ions of like charge
repel each other so strongly that the interaction
of their short range forces is negligible, Bronsted?
derived the relations that the term proportional to
the concentration in the osmotic coefficients of

(3) J. N. Brdnsted, Turs JournaL, 44, 877 (1922); 45, 2898
19238).
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TasLE II
CoEFFICIENTS IN TERMS oF SaLT COMPONENTS

4,/ —0.52864 Dy 0.02690 Em’ —0.00387
4,  — .52864 Doy’ .06935 En’ — .01144
Ay — .52864 D3’ 04950 Eg' — .00557
4y - .52864 Dy .13880 Eu — .02652
. Dy’ .04189 Eny’ — .00699
By .11596 Digy’ . 05604 Ei’ — .00951
By’ . 32640 Dy’ 07079 Eyy’ — .01176
By’ . 40156 Dy’ 08202 Eg’ ~ .01305
B/ .47478 Dy .05380 Eus’ — .00865
By’ .22118 Dy’  .09310 Eu’ — 01620
By’ .40059 Dy’ 05644 Epny’ — 00695
B, .29538 Dy’ 04983 Ews’  — .00499
By’ .36398 Dy .04312 Exnd — .00502
By .25876 Dy’ .06576 Ey'! — .01029
Byy' .43818 Dy 08170 Eyd  — (01363
D3y’ .11146 Es' — .02061
Cy' — .07744 Dy’ .06483 Eu’  — .00990
Cy' — .18650 Dy .05068 Epd  — .00737
Ca' — .17019 Dy .08798 Ei'  — .01492
Cu’ — .30763 Doy’ .05822 Ew — .00794
Cn’ — .13197
Ci’ — .24707
Cu — .19259
Co’ — .17834
Cs - .12381
Cu' — .23891

mixtures of salts with a common ion is linear, and
that the corresponding term in In v of either salt
changes just as much as the osmotic coefficient,
so that this term for either salt in the other is the
mean of the values for the two salts each in their

pd
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Fig. 4—OQsmotic coefficients of mixtures with
common cation.

own solution. Bronsted has given much experi-
mental evidence supporting this theory, but the
most extensive confirmation comes from the re-
sults reported here. Guggenheim* simplified the

(4) E. A. Guggenheim, Det 18 Skandinaviske Naturforskermgde
(1929).
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derivation and found also that the correspond-
ing relation for equimolar mixtures without a
common ion is that the linear term in the osmotic
coefficient is the mean of the values for the salts
concerned and for the reciprocal salt pair, and
that the linear term in In v of either salt in the
other is the mean of the values for the reciprocal
salt pair. This is also confirmed by our measure-
ments.

These relations follow simply and directly from
the method of analysis we have developed and
the hypothesis that ions of the same sign have
a negligible interaction. It is mnecessary to
develop the coefficients for the single ions as com-
ponents. Let the subscripts g, 1, n, ¢ refer to
K+, Lit, NO;~ and Cl-, respectively. In a
solution of KNO; xx=xn=1/: and

Bu = Bxx ¢x* + 2Bxn vk 8 + Bxv xx?
(Bxx + 2Bxn + Byn)/4
If the interaction between ions of the same sign is
negligible.

Bxx = Byxy = 0, and
Bu = Bxx /2

In a mixture of KNO; and KCl xx = /s, an =
x1/2, Xg = x2/2 SO, if BKK = B‘NN = BCC =0
B, = 2Bgn x¥x¥x + 2Bgc ¥g¥c = Brx¥1/2 + Bkoxe/2
Buxy + Bayxa

In a mixture of KNO; and LiCl xx = x5 = %1/2,
and xp, = x¢ = x3/2.

Bz

(I

2(Brxxxxxy + Broxrxc + Braxrys + Broxnxe)

(Bxyx1? + Bxoxiws + Bunxixs + Brews?)/2

[(Brn%1 4+ Broxs) + (Bxc + Bux — Brxy —
Byrc)xixs]/2

nn

sincex; = 1 — x1.
B,

Whenx1 = X3 = l/n

2

(Bex + Bxc + Bux + Buc)/8

(Bu + Baz + Bu + By)/4

The relations between the osmotic coefficients
and the activity coefficients follow directly from
the equations for these quantities.

More important than the simpler derivations of
the conclusions of Bronsted and Guggenheim
about the linear term is the extension to the co-
efficients of the higher powers. If the number of
pairs of ions with the same charge is negligible,
their interaction with their ion atmospheres must
also be negligible, so that terms such as Cxg and
Cnyv are also zero, and the equations given above
for the B’s also hold for the C's. It follows that
for salts with a common ion the term in the
osmotic coefficient proportional to the three-halves
power of concentration is also linear. The cor-

n
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responding term in In v is not linear, however,
because the added salt also changes /. Physically
this corresponds to its contribution to the ion
atmospheres. This term in In v for a salt in the
solution of another salt with a common ion is 1/10
the difference between the corresponding values
for tlie single salts nearer the value for the solvent
salt than the mean of the two.

1.0
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Fig. 5—Osmotic coefficients of mixtures
of four ions.

If the interaction of pairs of ions of the same
charge is negligible, that of three ions of the
same charge must certainly be. Then for a solu-
tion of KNQO;

Dur = 3Dxxnrr®n + 3Dknwwrwy?
= 3(Dxxx + Dunx)/8
For a mixture of KNO; and KCl
Dy

]

3(Drrxxx¥N + Drnnxken® + 2Dknoxgxnsc +
Dxxevr®r¢ + Drocxrxc?)

3(Dgrrnx1 + Dxyna® + 2Dgxcxive + DxreXe +
Dxccex2?)/8

= 3[(Dxrx + Dxxn)¥1 + (Dxkc + Dxeelxs +

(2Dxne — Dran — Drco)nina]/8
The cubic expression degenerates to a quadratic,
and the deviation from linearity is only twice
the difference between the interaction of a group
of three molecules in which the two ions of the
same sign are different and the average of those
of the two possible groups in which the two are
the same. In most cases it may be expected to
be small compared to the linear term. These
conclusions may be extended to the E coefficients

i

~ by the same arguiment that the conclusions derived

for the B’s were extended to the C's. It follows
that these terms in the osmotic coefficient must be
quadratic functions of the composition for mix-
tures with a common ion, and that the deviations
from linearity should be small.

These conclusions are all confirmed by our
measurements. The generalization of these re-
sults to other cases should be reasonably safe, for
solutions of uni-univalent electrolytes in water
are relatively unfavorable for the electrostatic
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forces to prevent the formation of groups of ions all
of the same sign. For two ions this repulsion is
proportional to the product of the valences of the
ions and to the reciprocal of the dielectric con-
stant. and the generalization to ions of higher
valence or to solvents of smaller dielectric con-
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if we adopt another method of expression. Let-
ting C represent the fraction of chloride and L the
fraction of lithium salt, (1 — C) is the fraction of
nitrate and (1 — L) the fraction of potassium
salt. Any possible mixture of the reciprocal salt
pair can be represented by giving C and L ap-

propriate values between zero and unity, in-

RN “o cluding the limits. We shall express our re-
+00001 q'oubﬁA‘ PAPTLERC KNO, sults as ¢, In vy, In (vo/71) and In (vi/v1);
—0.001 T = 2 oS! In (vs/v1) = In (vs/v1) + In (ys/v1). Table

T B N IIT gives the general coefficients, neglecting
+0.001 FO O o‘tn — : 55 : : ‘mi groups of ions all of the same charge, and
_09001 ‘t : :Of" % 00° C>ol ol | ka Table IV gives the special values for ¢,” for

ol T ; the mixtures we have studied.
+0.001 ;30;\ ; ol ‘ { — OMO‘ 2 ) The relations derived by Bronsted and by
_00001 o % g I . LiNOs Guggenheim for the linear terms in the activ-

’ ‘L —— el ity coefficients, which appear to hold accur-

+0.001 I ;o | ‘ - L ately for these terms, may be expected to

0 S SNSRI W LiC1 apply approximately to the higher terms as

—0.001 1~ [N N I R well even though they cannot hold exactly.
o% HEENENEN . . .

+0.001 i REY RN 075 Our resu.lts permit a jcest for eight splu'uons

0 o %00 0asp [t ja | BNOs 102 of a salt in another with a common ion, and

Olog 9O 1 KC1 - . . .

—0.001 1 T for four in another without a conimon ion.
R — L : ’ The presentation of a complete test would
5 +00001 89590 hooo” KNO; 82 take too much space. We have therefore

—0.001 ‘i“:‘,’ o 1 H- Ka o averaged the absolute values of the deviation

bl ‘- : of In v for each salt in each of the others. In
+0.001 - [o 3!0 P o5 KNO; 0.732 Fig. 7 curve O represents In v itself (absolute

_09001 LiNO; 0268 y5lye): curve 4 is the difference from the

— Debye-Hiickel limiting law, and curve B is
+0.001 ! KNOs 0.515 corrected also for the term linear in the con-

_ 09001 | LiNO;0.485 centration in accordance with Bronsted’s

— theory. For these three the mixtures with
+0.001 ‘ Gl 05 ?.nd Wlthout a common ion are practically
0 e LiC1 0.5 identical, for the other curves the two groups

—0.001 are separated. Curve C gives the deviations

£0.001 . from the mean of the values for the two salts
0 \ LiNOs 82 for those with a common ion. Curve D is
—0.001 ; Lict 9. the same for those without a common ion, and
] curve £ is the deviation from the mean for

+00001 ‘ ﬂ?a 0.5  the reciprocal salt pair for mixtures without a

—0.001 ’ 1€ 05 commonion. The O curve is half the error of

the classical law of the solubility product in
0.5 \/—IA—IO 15 the limit of zero concentration of the saturat-

Fig. 6.—Deviations of osmotic coefficients.
tions in very dilute solutions are not shown.

stant should be particularly safe. We must, of
course, expect some exceptions, such as the mer-
curous ion where very strong specific forces ap-
pear to overcome the electrostatic repulsion.
The regularities are brought out most sharply

A few large devia-

ing salt; A4 shows half the error of correcting
by the Debye-Hiickel limiting law, and B that
of correcting by the original Bronsted theory.
C and E show half the error of correcting by the
approximate extension of the Bronsted theory to
the higher coefficients. D gives half the error of
correcting mixtures without a common ion by the
method which works so well for those with a com-
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TABLE III
GENERAL COEFFICIENTS IN TERMS OF IoN COMPOSITIONS

1 C L CL c: L2 C:L ClL?
A o a
In v 3a
ln (ye/m1)
In (va/m1)
B o, 26 2c 2d 2e
In v, 4 2c 24
In (va/m1) 2¢ 2e
In (va/v1) 24 2e
C o, 3f 3z 3 3¢
In v, 5/ 3g 3k i
In (vo/v1) 2g 2%
In (va/m) 2k 20
D ¢, 45 4k 4  4m 4n 4o 4p 4q
In n 6] 4 4 2m 2n 2o
In (yo/m1) 28 4n 2m 4p 2g
In(ve/v1) 28 2m 40 4g 2p
E o4 5 bs 5t 54 S bw bx by
In v 7r bs Bt 3u 3v 3w x y
In (ye/71) 25 4w 2u  4x 2y
In (va/y) 28 20 4w 4y 2x
TABLE IV
COEFFICIENTS OF ¢;, FOR RECIPROCAL SALT PAIR: KNCjy-
LiCl
A B c D E
1 ~0.26432  0.11598 -—0.10816  0.05379 —0.00968
c .21043 — 16359 08998 — .02337
L .35882 — .34529 17340 — .03581
CcL — .28365 .36976 — .24134 .06580
Cs ~ 00506 . 00443
Is 05041 — 02079
C:L — 00950 ,00362
CL» — 01287 ,00178

mon ion, but which is erroneous for those without.
The extended Brénsted theory gives accurate re-
sults to moderately high concentrations and no
serious error up to one molal salt solutions.

0.10 2 A ? /B
=
H 0.05 :
) / /
/
0.00
05 1.0 1.5
VM.
Fig. 7——Average errors in activity
coefficients.

If these results can bé generalized they give a
very useful approximation. The effect of any
salt with a common ion on the solubility of a
slightly soluble salt can be determined approxi-
mately from the activity coefficients of the solvent
salts dissolved in themselves and the measure-
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ment of the effect of the addition of one salt
on the solubility. The logarithm of the solubility
product in any two salts differs by minus the
difference in the logarithms of the mean activity
coefficients of the solvent salts, whether they
share the same ion with the solute or not.

0.25 T
LiCl
é W
~
= 0.00
3]
I
=
4
I
4 —0.25
&~
: /ﬂm
—0.50
0.5 1.0 1.5
VM.

Fig. 8 —Test of Akerlsf-Thomas hypothesis.

The effect of the addition of a salt without a
common ion may be determined without making
any measurements on mixtures. The logarithm
of the solubility product changes from its value
at zero concentration by minus the sum of the
logarithms of the mean activity coefficients of the
reciprocal salt pair. For example, the effect of
potassium nitrate on the solubility of silver chlo-
ride may be determined from the mean activity
coefficients of silver nitrate and of potassium
chloride.

The approximations of In ¥ in mixed solutions
do not lend themselves to a brief quantitative
summary. We shall content ourselves with
stating that the logarithms of the activity co-
efficients are nearly linear functions of the solute
composition so that the errors expressed in
curves C and E of Fig. 7 are approximately pro-
portional to the fraction of the added salt.

These results may also be used to test the hy-
pothesis of Akerléf and Thomas® that the differ-
ence in the logarithms of the activity coefficients
of any two electrolytes of the same valence type,
or of the same electrolyte in different solvent salts,
is proportional to the molality. In terms of
Table III this hypothesis requires that the co-
efficients except q, b, ¢, 4, ¢, f, j, » should be zero
or negligibly small compared to those given above.
Examination of Table IV will show that this

(5) G. Akerlof and H. C. Thomas, THIS JourNaL, 56, 593 (1934),
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condition is far from fulfilled. There is, however,
a compensation among the coefficients of the
different powers of the concentration. In Fig. §
is plotted (In yyx — ln yge)/M for the other
three salts and for sodium chloride.? The hy-
pothesis of Akerlsf and Thomas requires that each
of these curves be horizontal. This condition is
closely approximated for lithium chloride, but not
for any of the other salts. The curves do, how-
ever, all become flatter with increasing concentra-
tion, and our measurements give no evidence
against the usefulness of the hypothesis as an em-
pirical approximation for higher concentrations.

Summary
Measurements are made of the freezing point

MARTIN KILPATRICK
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depressions up to one molal of the five possible
equimolal mixtures of the reciprocal salt pair:
potassium nitrate-lithium chloride, and of two
three to one mixtures.

The results of Bronsted’s theory of the specific
interaction of ions are derived more simply and
are extended to the coefficients of the higher
powers of the concentration.

The parameters necessary to determine the
thermodynamic functions of any mixture of this
reciprocal salt pair are determined and found to
agree completely with the extended theory of
Bronsted. Some of the consequences of this
agreement are discussed.

CAMBRIDGE, Mass. RECEIVED AUcUST 2, 1934
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The Effect of Electrolytes in Ionic Reactions

By MARTIN KILPATRICK

In a recent paper La Mer and Greenspan? point
out that the primary kinetic salt effects in the
hydrolysis of acetylated hydroxyl acids are only in
qualitative agreement with the Bronsted theory of
reaction velocity. For reactions between ions
Bronsted’s equation is

logk = log ko + 24 28 V& (1)
where & is the observed velocity constant, kp the
velocity constant at zero ion concentration, z, and
2 the valencies of the reacting ions and u the
ionic strength. This equation is based on the
Debye limiting law

—log f = 0.522 /1 2
Although La Mer and Greenspan recognize the
fact that their results may have been obtained at
too high ionic concentrations to give the theo-
retical slope, they favor another interpretation of
the data.

Without going into this aspect of the problem,
it is the purpose of the present paper to show that
the failure to find agreement with equation (1) is
due to the fact that the experimental results are
not in the range of concentration where this equa-
tion applies. To do this we will use for the
activity coefficients an equation applicable up to
ionic strengths of 0.03-0.04. This equation

—log f = 0.52* Va/(1 + /&) (3)

(1) La Mer and Greenspan, THIS JOURNAL, 56, 1402 (1834).

is obtained from the equation of Debye

—log f = 0.50 2 v/&/(1 + «b)
on the assumption that &, the apparent average
ionic diameter, is approximately 3.0 X 102 cm.,
x being equal to 0.33 X 108 \/g cm.~! at 25°°
On this basis equation (1) becomes?

log kb =log ko + 24 28 VvE/(1 + V&)  (4)

A test of this equation can be made by plotting
log %k against +/i/(1 + +/u) and drawing the
theoretical slope, just as La Mer and Greenspan
tested equation (1) by plotting log % against /%
(see Fig. 1 of their paper). It is, however, more
convincing to calculate &, from equation (4) and
examine its constancy. The results of the com-
putation are given in Table I.

With the exception of acetylbenzilic acid, and 1-
acetylmalic acid (for which only two points are
given, and at ionic strengths outside the range of
applicability of equation (3)), the constancy of k,
indicates agreement with equation (4). It should
be emphasized that a few experimental points,
with a relatively small change of ionic strength,
are unsuitable for testing equation (1) or equation
(4). It seems logical to conclude that, in so far as
the accuracy of the experiments and our knowl-
edge of activity coefficients from equilibrium
measurements will permit us to judge, the results

(2) Guggenheim and Schindler, J. Phys. Chem., 88, 533 (1934).
(3) Scatchard, Chem. Res., 10, 229 (1932).



