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some of the zwitter ions will be changed to posi-
tive and negative ions, and at the same time some
water molecules will have to dissociate to main-
tain the water equilibrium. The heat effects ac-
companying these ionization processes must be
subtracted from the observed heat of dilution to
obtain the true heat of dilution of zwitter ions.

Consider the dilution of a solution of one mole
of amino acid which is sufficiently concentrated
so that the amino acid is practically all in the form
of zwitter ions. The dilution process can be
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Fig, 1.—Curve A, np; curve B, Ak; curve C, ny; curve D, ny.

broken into the following steps

Z%(m) = Z*=(my;); AHp (1)

mZ* + mHY = mZHY; —nAHa @)
nZ* + n,0OH™ = m»ZOH'; —ngAHB (3)
naHzo = n3H+ + naOH_; N3 AHW (4)

AHobs. = AHp — mAHs — g AHB + naAI_{w

If we make the approximation of setting activities
equal to molalities, we obtain the following ex-
pressions for »n;, ng, 73
s _ Kw(Ks + mi)
V7 KaKp(Ka + mi)
nt = Kw&a + m)

2 7 KaKs(KB + ms)

(Ea + me)/(Ks + me)'/r — KK/ P

7

nami = fﬁ'}% [
Here K5, Ky are the ionization constants® for the
reverse of reactions (2) and (3), respectively, and
K is the ionization constant of water. Form; =
0, we have

K
Kp

1
o _ K

0
B = KA

1

(3) The alternative scheme of ionization in which ZH* is con-
sidered as a dibasic acid could equally well be used.
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With the numerical constants* for glycine at
25°% Ka = 447 X 1074, Kg = 6.04 X 1075, Ky =
1.01 X 10", we calculate the values of %y, 1,5, 73
plotted in Fig. 1, curves D, A and C, respectively.
It is evident that [y — ®f]~, the hypothetical
relative apparent molal heat content of the amino
acid zwitter ion, is given by
[0 — 94~ = [on — 8 + an
where
Al = (m — u) AHs + (ns — ny) AHp — (n; — n) AHw

the assumption being made that the ioniza-
tion heats are independent of concentration.
If we take the values® AH, = 3891 joules
per mole, AHg = 11,590 joules per mole, and
the value® AHy, 56,050 joules per mole,
we obtain for glycine at 25° the values of
Al shown in curve B, Fig. 1. The total
effect for glycine amounts to some 20 joules
per mole, of which about 15 joules per mole
is accounted for by changes occurring between
10~2 and 10—* m.

It would appear to be possible to detect
these ionization heat effects in a calorimeter
of sufficient sensitivity. However, in the
measurements’ which appear in the literature
the effects to be expected are beyond the
sensitivity of the apparatus used. It should
be noted that the presence of carbon dioxide
in the diluting water could mask the ionization
effects even in a sensitive apparatus by holding
the pH close to 6.1, the isoelectric pH of glycine.
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Changes in Chemical Equilibria in Liquid
Interfaces!

By GEORGE J. Szasz

From the classical thermodynamic work of J.
W. Gibbs and J. J. Thomson it is well known that
the equilibrium constant in interfaces differs from
that of the bulk phase. Many experiments have
been undertaken to prove this point. One of the

(1) This Note is the result of work done in the Laboratories of Dr.
Ernst A. Hauser, at the Massachusetts Institute of Technology, Cam-
bridge, Mass., in the summer of 1939,
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most striking is that referred to by D. Deutsch.?
He dissolved certain dyes in water and produced
a color change by shaking this solution with equal
volumes of benzene or another immiscible liquid.
Deutsch explained the color change, which is re-
versible and can be repeated at will, by assuming
that the dissociation of the dyestuff molecule
chauges according to the dielectric constant of
the medium, 7. e., dissociation increases in a me-
dium of high dielectric constant (water), and de-
creases in a medium of low dielectric constant
(benzene). This theory has been opposed by
Thiel,® who is of the opinion that this explanation
does not hold for the cases of thymolsulfonephtha-
lein and tropaeoline OO.

The purpose of my experiments was to repeat
Deutsch’s findings and to offer, if possible, a more
general explanation of the phenomenon.

Various concentrations of every dyestuff were
tried at a given pH, to determine the conditions of
most pronounced color change. The following
concentrations have been found to be the most
effective ones.*

Malachite green base (C.1. 657) in 0.4 N

HCL ... 0.0025%,
Brilliant green base (C. 1. 662) in 0.25 N
HCL oo .025-0.019

Brom thymol blue in tap water......... .001-0.0005%,
Thymolsulfonephthalein (C. 1. 764) in
00016 NHCL............oooinn

Rhodamine O (C. 1. 749) in benzene. ..

.01-0.025%
.0005%

1t should be mentioned here that the color changes
do not reach their maximum stability in the first
twelve hours, because the dissolution of the dye is
not instantaneous. Since the color of the solution
becomes increasingly deeper, final observations
were made with specimens which had been stored
for at least twelve hours. This change is particu-
larly pronounced in the case of thymolsulfonephtha-
lein.

It was also found that methyl violet (C. I.
(80),* which so far has not been reported in con-
nection with these experiments, gives a color
change in 0.1 N hydrochloric acid. The color
changes on shaking from blue to purple. I was
unable to reproduce the color change of {ropaeoline
00 (C. 1. 143), under the conditions given by

(2) D. Deutsch, Ber., 60, 1036 (1927);
Chem., 136 353 (1928).

(3) Thiel, Z. Elekirochem., 36, 266 (1929).

(4) Deutsch used in all cases 0.019%, solutions.

(58) The methyl violet used and reported by Deutsch is actually
crystal violet (C. 1. 681).

D. Deutsch, Z. physik.
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Deutsch. However I did obtain a distinct color
change in the foam at a pH of 2.28.

A general explanation of the entire phenome-
non, on basis of the Hardy—Harkins rule of least
abrupt change in the interfacial layer, seemed
promising. However since the color changes of
the sulfonephthaleins did not yield to explanation
on this basis, a general explanation is still missing.
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4,4'~-Diaminodipheny! Sulfone
By A. M. VANARENDONK AND E. C. KLEIDERER

4,4’-Diaminodiphenyl sulfone has recently! be-
come of interest because of its potency in combat-
ting experimental streptococcic infections in mice.

In our work we have been employing a method
which differs from the published procedures.??*

Thioaniline in an impure form may be obtained
commercially and purified by means of its rela-
tively insoluble disulfate. Subsequent acetyla-
tion with acetic anhydride and oxidation with
hyvdrogen peroxide yields the 4,4’-diacetylamino-
diphenyl sulfone, which may then be hydrolyzed
to produce the free -,4’-diaminodiphenylsulfone.

Purification of Thioaniline,—300 g. of crude thioaniline
1s dissolved in a solution of 300 g. of concentrated sulfuric
acid in 6 liters of water, boiled for a few minutes and fil-
tered, The filtrate is treated with 50 g. of decolorizing
carbon, boiled, filtered, and concentrated without heat
under vacuum until cold and filtered. The filtrate is then
concentrated under vacuum to about 2 liters, cooled, and
filtered. The twolots of precipitate are dissolved in 8 liters
of boiling water, treated with Norit and filtered. While
the filtrate is still warm, it is made alkaline with ammonia
and cooled in the chill room overnight. The purified thio-
aniline weighs 95-105 g. and melts at 105-107° (uncor.).
The product is a light tan in color.

4,4'-Diacetylaminodiphenyl Sulfone.—To 30 g. of thio-
aniline in a beaker is added a solution of 60 cc. of acetic
anhydride in 120 cc. of glacial acetic acid. The solution
is boiled gently for one hour on a hot plate, allowed to cool
to room temperature, and 500 cc. of glacial acetic acid
added; 50 cc. of superoxol is added with stirring, and the
solution is allowed to stand without stirring for three hours.
The temperature of the solution rises to about 40° during
the first hour. At the end of the three hours, it is warmed
to 50° and allowed to stand for two hours and then heated
to boiling when practically all of the precipitate dissolves.
The solution is allowed to cool until ebullition ceases and
30 cc. of superoxol added. The solution is allowed to come
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