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and o the molal volume of a pure component.
The actual molal volumes, V, of the solutions
are given by the relation
V= (NIMI + NoMs)/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 107%} 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-
= MMyl — di/d;) = 9.235 .

B = [Mydi/dy — M\]/Mx(¥ — di/ds) = 0.0809.

Evaluation of o and 8 from the data of Table I

Npo' = aAS/(1 = BAS) 4
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by the method of least squares gives a = 9.2351
and 8 = 0,0327, and since 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 dehsities at 25° of a series of mixtures of
light and heavy water have been determined.
Contrdry to the conelusion of earlier 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.
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[CONTRIBUTION FROM THE CHEMICAL LABORATORY OF SMITH COLLEGE]
The Potential of the Ag(s), Agl(s), I” Electrode!

"By JBssie Y. CanNN 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), AgI(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 KClaq.), 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 Canpn.®
In each case care was taken to prevent t.he flow. of
ligquid over the electrodes.®

The cell was placed in the usual oil thermostat,

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

(2} (a) Noyes and Freed, Tuis JoUurNAL, 42, 476 (1920); (b)
Gerke, ¢bid., 44, 1684 (1922); (c) Pearce and Fortsch, ibid., 45,
2862 (1923); (d) Hass and Jellinek, Z. physik. Chem., 182, 153 (1933);
(e) Owen, TH1is JourNaL, 57, 1526 (1935).

(3) Maclnnes and Yeh, ibid., 48, 3583 (1921).

(4) Cann and Muelter, ibid,, 57, 2535 (1935).

(5) Randall and Cann, #d¢d., 83, 589 (1830).

(6) Carmody, ibid., 64, 210 (1932); Cann and LaRue; ibid., 54,
3456 (1932).

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

Materials

“All solutlons 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 thie method of Randall and- Young.’

The Ag(s), Agl(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) Rendall and Young, tbid., 50, 989 (¥328),
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the electrodes were placed in the particular solu-
tion to be used and evacuated for about thirty
minutes, with gentle heating, to make sure of the
complete removal of all oxygen. We found no
appreciable- differences in electrodes prepared by
the two methods.

Experimental Results

All determinations were made at 25°. Five
different molalities of potassium chloride and po-
tassium iodide were used as the flowing electro-
lytes. Table I gives the average values for at least

ten cell readings for each concentration. Devia-
TasLe I

Molality E.m.f  Liquid : Ewfl Esf
of KCl  at 25°, junction E.m.f, Ag, AgCl, Ag, Agl,
and KI v. x, V. -7, V. v. v.

1.000 —0.3723 0.0007 —0.3730 —0.2368 0.1362

0.500 — .3724 .0006 -— .3730 - .2514 .1216
100 ~ 8725 .0004 -~ 3720 -~ .2883 .08%46
050 — .3738 0002 - .3730 — .3045 .0685
005 — .3724 .0001 - .3725 -— .3603 .0122

tiong from the average never exceeded +0.0003 v.
The liquid jmctions were calenlated according
to Lewis and Sargent.® The values for the indi-
vidual ion conductances were taken from the
“International Critical Tables.””?

In order to determine the potential of the
silver-silver iodidé electrode from the cell read-
ings, it is necessary 'to know the potential of the
silver-silver chloride electrode for each dilution.
This value is calculated for each coucentration
by means of the equation

. . RT 1

E=FE — - In o
inn which v equals the activity coeficient of potas-
stum chloride, and E° for silver chloride is- taken
as —0.2223 v.'® The activity coefficietits are
taken from the data of Hass and Jellinek.*

The value of E° for the silver-silver iodide elec-
trode. was calculated from the values listed in
Table I. Since the electrode reaction is

Agls) + 17 = Agl(s) + ¢
we may write
_ RT. 1 _ .. RT 1
E—EU—TIHZI—_—EU "Fln—_-(fl‘r)l-

By subtraction of (RT/F)ln m from both sides
of the equation we obtain

RT RT 1
E*TIHM—E'—TIH_Y_I:

(8) Lewle and Sargeat, Tuis Joorwas, 31, 309 (1909).

(8) “Interastional Critienl Tawies,” MoGraw-Hill Book €Co.,
Inc., New York City, 1830, Vol. V1, pp. 234-235.

(10) Harned and Ehlers, Tans JourmwaL, 85, 2179 (1933).
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At infinite dilution the activity coefficient is
equal to one, and the last term drops out; thus
E - (RT/F)lnm = E°

We therefore determine E° by plotting £ —
(RT/F)lnm, i.e., E — 0.05915 log m against the
mplalif:y and extrapolating the curve to infinite
dilution. The values so determined are listed in
Table II. From the plot of these values E° was

taken as +0.1510.1 This gives AF® = —3485
cal.
TasLE II

Molality E.m. f. 0.05915 log m, E. m. f.

of XKI Ag, Agl, v. v. —0.05915 log m, v.
1.000 0.1362 —0.0000 —0.1362
0.800 .1216 ~ .0178 o= 1394
.100 .0846 — .0592 — .1438
.060 .0685 - .0770 — .1455
.005 .0122 - .1361 — .1483

Discussion of Results

Noyes aud Freed® mesasured the cell

Hep. atm.), HI(xmn), Agl(s), Ag(s)
from which they found the value of E® for the
silver-silver iodide electrode to be 40.14773.
Pearce and Fortsch? measured the same cell over
a wider range of concentrations of hydriodic acid,
and from their data E°® may be calculated as
+0.151, which 18 the value recorded in ‘‘Inter-
national Critical Tables™® (Vol. VII, p. 332).
Owen? has recalculated these values, using dif-
feremt assumptions as to the nature of the ac-
tivity eoefficients of hydriodic acid and finds from
the data of Noyes and Freed® E* = 4-0.1827
and 4-0.1509; and from the data of Pearce and
Fortsch R° = +40.1523, 40.1522, 40,1512 and
+-0.1507. Owen? has measured the eell

H., HBO,(m,), NaBO(m,), KI(m), Agl(s), Ag(s)

TasLe III
Date Investigators Eo, v, Reference electrode
1920 Noyes and Fteed +0.14773 Pt, H;,, H*
1923 Peatee and Fortsch + .151 Pt, H;, H*
1932 Hass and Jellinek + .1487 Hg, HgCl, KCI

.14
1935 Owen + .15219 Pt, Hy, H (buffes)
1936 Cann and Teylor + .1510 Ag, AgC), C1+
ES, v. (caled.)

1935 Owen +0.1527 (N. & F.)

+ 1608 (N. & F.)

+ .1523 (P. & F.)

+ 1822 (P. & F)

+ .1512(P. & F.)

+ .1507 (P. & F.)

(11) By another method of extrapolation, ¢. ¢.,, by plotting the
observed e. m. f. values against the molality and making proper cor-
rections, the value of E0is 0.1507. In this case the values in the
most dilute solutions are given Httle weight.
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He obtains £ = +0.15219 at 25°.
Jellinek? have measured the cell

Ag(s), Agl(s), KI(satd.), KCl(satd.), KCI(0.1 N),
HgCl(s), Hg

using the salt bridge in au attempt to eliminate
the liquid junction. By extrapolation of their data
E% = (.1487.

Values calculated from these various data are
summarized in Table III.

Davip E. WORRALL
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We take as our value +0.1510, from which
AF°® = —3485 cal. ‘

Summary
The cell
Ag(s), AgCl(s), m KCl(aq.), m KI{aq.) Agl(s), Ag(s)
was investigated. '

The normal electrode potential of Ag(s),
Agl(s), I~ was found to be E° = +0.1510 and
AF°® = —3485 cal.

NORTHAMPTON, MAsS. RECEIVED MARCH 30, 1937

[CONTRIBUTION FROM PEARSON MEMORIAL LABORATORY, TurTS COLLEGE]

Further Observations on Acetylenic Thioamides

By Davip E. WORRALL

The thioamide obtained by the interaction of
phenylacetylene and phenyl isothiocyanate pos-
sesses unusual properties because of the presence
of the acetylenic group.! The present com-
munication is concerned with the similar com-
pounds prepared from mustard oils containing an
aliphatic group.

Methyl and allyl isothiocyanates, typical sub-
stances of the latter class, react quite smoothly
with phenylacetylene although the products are
lower melting and therefore less tractable than the
corresponding anilide. The allyl derivative de-
composes spontaneously on standing. Most con-
spicuous of the differences is the non-appearance
of polymers, so characteristic of the other series.
Heterocyclic ring formation tends to take place
with the appropriate reagents although the trans-
formation may be obscured by other changes.
With hydroxylamine phenylpropiol-thiomethyl-
amide (I) forms the usual type of isoxazole.
CsH;C=CCSNHCH; 4+ NH,OH —>

CsH;C=CHCNHCH;
0N

With hydrazine it gives a substance which contains
sulfur, which cannot be the expected pyrazole, and
which, moreover, is also obtained from phenylpro-
piol thioallylamide (II). It is probably a bicyclic
derivative (III) resulting by further condensation.

2C¢H;,C—=CCSNHCH; + 2NH,NH; —»

CeH:C=CH—CS
CsHiC=CH—C—N I\IIH + H.S + 2CH:;NH,
m &

(1) Worrall, This Jour~NaL, 89, 933 (1937).

The crude isoxazole obtained from II frequently
contains a sulfur derivative. A similar result oc-
curs in the case of thioanilides and has been! at-
tributed to thiazole formation. It is well estab-
lished that compounds or combinations containing
allyl and thioamide groups are readily converted
into penthiazoline derivatives, Accordingly,?
the substance isolated from the isoxazole mixture
may be regarded as a penthiazole (IV) resulting
from the oxidation and hydrolysis of the enol of

II or its addition product with hydroxylamine.
- NH.OH
CoHaCECC(SH)NCHzCH=CH2 *——}I——O—>
2

CsH;COCH,C=NCH,CH=CH + NH; + H;0
L g 1

Experimental

Phenylpropiof Thiomethylamide (I),—To 0.25 gram mole
of phenylacetylene, converted into the sodium derivative
and suspended in dry ether, was added the equivalent
amount of methyl isothiocyanate. As heat sufficient to
cause vigorous boiling was evolved, the mixture was cooled.
It was worked up in the custonary martrrer? after standing
for several hotirs, except that the use of acid was unneces-
sary in precipitating the product; approximate yield of
crude product, 31 g. No good solvent for purifying the
substance was found, since decomposition occtirred even
on moderate heating. It was purified in small amounts by
cooling with ice a saturated alcoholic solution prepared at
room temperature and adding water a few drops at a time.
Qils formed at first, but eventually there separated slender
yellow needles melting with partial decomposition at 78~
80°.

Anal. Caled. for C,(H,NS: C, 68.6; H, 5.1.
C,69.1; H, 53.

Heating an alcoholic solution of I with or without alkali
gave no indication of the formation of polymers. Among

Found:

(2) Dixon, J. Chem. Sec., €9, 24 (1896).



