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in the time allowed for the reaction. The p-amino-
benzoic acid derivative (I, R = p-COOH) could
not be quantitatively brominated.

Some attempts to determine zinc quantitatively
by bromination of its 7-(a-anilinobenzyl)-8-quino-
linol derivative were made, but, although com-
plete precipitation of zinc was obtained, the neces-
sary use of excess reagent caused coprecipitation of
reagent, leading to results that were high.

Experimental
Preparation of Reagents.—7-(a-Anilinobenzyl)-8-quino-
linol and 7-[a-(o-carboxyanilino)-benzyl]-8-quinolinol were
prepared by published methods.® Titration of 7-(a-
anilinobenzyl)-8-quinolinol in glacial acetic acid with 0.1 N
percliloric acid using a glass electrode gave a molecular
weight of 325.4, assuming the compound is dibasic; calcu-
lated molecular weight is 326.4. Since similar titration of
the anthranilic acid derivative did not give a satisfactory
end-point, its molecular weight was obtained by the spectro-
photometric picrate® method, giving for the molecular
weight of the picrate 601; caled., 599.
7-[e-(0-Carbethoxyanilino)-benzyl]-8-quinolinol was pre-
pared by mixing 16.5 g. (0.1 mole) of ethyl anthranilate, 10.6
g. (0.1 mole) of benzaldeltyde and 14.5 g. (0.1 mole) of 8-
quinolinol in about 75 ml. of ethanol. After the stoppered
flask had been standing for two days a white precipitate be-
gan to form which was filtered off after ten days and recrys-
tallized from ethanol; vield 22 g. (559%); m.p. 135°.

Anal. Caled. for CosHa»nN-Qs: N, 7.03. Found: N,
7.08.
7-[a~(p-Carboxyanilino)-benzyl]-8-quinolinol was simii-

larly obtained after 35 days fromt a mixture of 13.7 g. (0.1
mole) of p-aminobenzoic acid, 10.6 g. of benzaldehyde and
14.5 g. of 8-quinolinol in 300 ml. of ethanol. A cream-
colored product, recrystallized from ethanol, was obtained;
vield 16 g. (43%); m.p. 122°.

Anel. Caled. for CosHyisN20y: N, 7.56. Found: N, 7.63.

Preparation of the Metal Chelate Compounds.—Approxi-
mately 0.01 molar solutions of tlie following ions inn dilute
acid were prepared from the pure metals or solid salts: Be™2,
Mg*2, Ca*2, Mn*2 Ni*2, Co*2, Cu™?, Zn*2 Pd*2 Ba™?,
Pb*2, UQ,*2, Al™3, Sct3, Fets, Ga+3, V*3, In™3, La+ Ce™s,
Nd*8, Sm ™8, Bi*® and Th*.

Approximately 0.2-g. samples of each metal chelate com-
pound were prepared from these solutions by adding the
calculated amount of 7-(a-anilinobenzyl)-8-quinolinol (or
derivative) in ethanol to a diluted solution of the metal ion,
followed by addition of ammonium acetate, sodium acetate
or ammonia as necessary to produce complete precipitation.
The pH conditions used for 8-quinolinol precipitations gen-
erally sufficed, except that some of the 7-[a-(o-carboxy-
anilino)-benzyl]-8-quinolinol salts tended to redissolve in
excess ammonia. After filtration tlie precipitates were
washed tlioroughly with water and generally given a final
washing with a small portion of ethianol. Cerous and fer-
rous chelate compounds could not be satisfactorily prepared
because the reagents oxidized tliese ious in nearly neutral
solutions; compounds of 7-(e-anilinobenzyl)-8-quinolinol
with cobalt, bismuth, lead, neodymium and samarium were
prepared but not analyzed. TUse of even a slight excess of re-
agent in these preparations was unsatisfactory because of its
extreme insolubility in water.

Analyses.—For analysis of the metal compounds by the
ignition method the entire 0.2-g. sample after drying at
room temperature was ashed over a low flame and the oxide
residue weighed after ignition under the usual conditions for
the particular oxide. For the bromometric analyses 50-mg.
samples were dissolved in 4 V liydrochloric acid by gentle
heating for about five minutes. The solution was tlien
cooled and diluted to about 100 ml. and an excess of 1-10
ml. of standard 0.1 NV bromate-bromide solution added from
a buret. The stoppered flask was allowed to stand for five
minutes and tlien 0.5 g. of potassium iodide was added and
the liberated iodine titrated after an additional five minutes

(9) (a) F. Pirrone, Gazz. chim. ital., T1, 320 (1941); (b) J. Phillips,
R. Keown and Q. Fernando, J. Org. Chem., 19, 907 (1954).

(10) K. G. Cunningham, W. Dawson and B. S. Spring, J. Chem. Soc.,
2305 (1951).
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with 0.05 N sodium thiosulfate to a starch-iodide end-
point. A white precipitate of 2,4,6-tribromoaniline gener-
ally formed during the bromination and in one instance
(titration of pure 7-(e-anilinobenzyl)-8-quinolinol) was
filtered off, dried, and the m.p. determined to he 118°;
reported m.p. of 2,4,6-tribromoaniline is 119°.

When analysis by both the ignition and bromination
methods was desired, separately prepared samples of tlie
metal compounds were used. In calculating the analytical
results the possible presence of water of crystallization in
some of the samples was not considered, because one or two
molecules of water would have an almost negligible effect on
the metal content owing to tlie large molecular weiglits of tle
metal compounds.

Sensitivity Tests.—These were performed by tlie inethod
of Irving, Butler and Ring! using Al*3, Fe*$, Cu*?and Ni*?2
as representative ions. The sensitivities with 7-(¢-anilino-
benzyl)-8-quinolinol, expressed in micrograms per ml. were:
Al%3,0.7; Fe™s, 0.5; Cu™?, 0.6 and Ni+*2, 0.3; with 7-[a-(o-
carboxyanilino)-benzyl]-8-quinolinol, Al*3, 1.5; Fe*? 0.5;
Cu™2, 0.1 and Ni*2, 0.2.
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Introduction.—Electrical conductance of several
polyhalogen complexes has been recently deter-
mined in acetonitrile solutions.> The results ob-
tained indicated that these complexes are strong
electrolytes at least in solutions which are <10 A7,
The work is now extended to ethylene dichloride
solutions in order to see how the change in the di-
electric constant of the solvent affects the conduct-
ance of these complexes. Ethylene dichloride was
chosen because of its relatively low dielectric con-
stant (10.23 vs. 36.5 for acetonitrile at 25°) and its
ability to dissolve sufficient amounts of polyhalo-
gen complexes for the conductance studies.

Experimental Part

Apparatus and Procedure.—The apparatus and tlie ex-
perimental procedure used in this investigation to obtain
conductance measurements were discussed in an earlier

aper.?

P Polyhalogen Complexes.—Polyhalogen complexes studied
in this work were tetrametliylammonium iodobromochio-
ride, tetrapropylammonium iododibromide, tetrabutyl-
ammonium iododicliloride and the tetrabutylammonium
tribromide. With tlie exception of the first compound it
was found impossible to use tlie corresponding tetramethyl-
ammonium complexes because of their limited solubility
i1 ethylene dichloride.

The first tliree comnpounds were prepared by tlie metliods
of Chattaway and Hoyle.? The tetrabutylammonium tri-
bromide was supplied by Mr. L. Harris of this Laboratory.
The purity of the compounds was checked by iodometric
titration and found to be of the order of 98-99%,. The

(1) Dun Pont pre-doctoral fellow 1953-1954.
(2) A. 1. Popov and N. E. Skelly, THIS JOURNATL, 76, 5309 (1954).
(3) I’ D. Chattaway and G, Hoyle, J. Chem. Soc., 123, 654 (1923).
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melting point of these preparations checked to within 0.1°
with the literature values.

Solvents and Solutions.—Ethylene dichloride was puri-
fied by a previously described method.* The boiling point
of the purified solvent was 83° at 750 mm. pressure. The
specific conductance of the solvent was found to be less than
10~ ohm ~1 e¢m. ! and was too low to necessitate any correc-
tions even for the most dilute solutions.

Approximately 1072 M stock solutions were prepared by
dissolving a weighed amount of solute in an appropriate
amount of solvent. Dilutions were made by the addition
of a known amount of the stock solution from a weight buret
to the solvent. This technique was found to be more ac-
curate than the usual dilution method since solutions down
to 1075 M had to be prepared. All of the solutions were
found to be stable for at least 24 hours, but the measure-
ments were made on the solutions prepared on the same day.

Results and Discussion.—Equivalent conduc-
tances obtained for the polyhalide solutions are
tabulated in Table I where a typical series of
measurements are given. Several runs were made
on different sets of solutions, but the results agreed
within experimental error.

TaABLE I

EQuIvALENT CONDUCTANCES OF POLYHALOGEN COMPLEXES
IN ETHYLENE DICHLORIDE AT 25°

¢ X 104 A ¢ X 104 A
(CH3)4NIBFC1 (ﬂ-C3H7)4NIBI’2
0.6074 53.00 0.5185 56.20
1.367 43.88 1.306 48.86
2.217 38.27 2.242 44.12
5.727 28.41 2.972 41.45
7.582 25.93 3.720 39.35
9.277 24.24 7.258 33.30
27.02 20.74 9.013 31.64
(n-C4H)sNBr; (n-C4H)NICl,
0.3689 52.70 0.1651 58.98
0.9208 47.20 1.199 47.68
1,667 42.54 2.717 40.59
2. 566 38.69 4.467 36.22
3.614 35.76 7.132 32.22
8.51¢ 28.59 14 .49 26.79

17.99 23.23

Plots of +/¢ vs. A deviated considerably from
straight lines showing appreciable ion-pair associa-
tion especially in the more concentrated solutions.

The data were treated by the method of Fuoss
and Kraus.® The F/A uvs. cA f*/F plots gave in
each case satisfactory straight lines. The inter-
cepts of the lines yield 1/A, and the slopes 1/KAZ.
The calculated values of the limiting conductance
and of the ion-pair dissociation constants are given
in Table II.

TaBLE II
CoNDUCTANCE DATA IN ETHYLENE DICHLORIDE
Complex Ao pY ot Ao K X 104
(CH;):NIBrCl 81.6 42.6 39.0 0.68
(n-C3H7)sNIBr; 68.3 31.5 36.8 2.11
(n-C4H,)sNBr; 62.2 26.2 36.0 2.05
(n-CsHg)WNICl, 64.5 26.2 38.3 2.27

2 Reference 6.

Since the limiting conductances of the tetrameth-
ylammonium, #-tetrapropylammonium and #-tet-
(4) A.I. Popov and R, F. Swensen, THis JournarL, 77, 3724 (1955).

(5) R. M. Fuoss and C. A. Kraus, ibid.,, §5, 476 (1933); R. M.
Fuoss, ibid., 57, 488 (1935).

Nores 5507

rabutylammonium cations in ethylene dichloride
at 25° have been determined by Tucker and Kraus,®
it is possible to calculate the limiting equivalent
conductances of the polyhalogen ions used in this
investigation. :

The results are likewise given in Table II. As
ionic mobilities are equal to AT /F, the mobilities of
the polyhalogen ions come in the following se-
quence, IBrCl~>ICl;~ > IBr,~ > Br;~but theactual
differences are rather small, which indicates that
the ions are of approximately the same size.
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(6) L. M. Tucker and C. A. Kraus, ibid., 69, 454 (1947).

DEPARTMENT OF CHEMISTRY
STATE UNIVERSITY OF Iowa
Iowa City, Iowa

The Lowering of the Freezing Point of Sodium
Hydroxide on Addition of Salts

By R. P. SEWARD
RECEIVED JUNE 17, 1955

From calorimetric measurements, Douglas and
Dever! have found the heat of fusion of sodium
hydroxide to be 1520 =+ 5% cal. per mole. These
authors suggest that the figure of 1670 cal. per mole,
calculated by the writer? from freezing points in
the NaOH-Na.CO; system, is in error because the
effective molecular weight of NasCO; in solution
may deviate from its formula weight. As the value
from the freezing point measurements was calcu-
lated from temperatures determined to the nearest
degree and the greatest lowering employed was
13°, it is quite probable that the discrepancy is
gue to the lack of precision in the freezing point

ata.

Subsequent to the observations on the NaOH-
NaCO; system, the writer determined the lowering
of the freezing point of sodium hydroxide on addi-
tion of NaBr, KBr, K;CO; and again NayCO;.
While these measurements too are not of sufficient
precision to define the heat of fusion accurately, it is
thought that they may be of interest for their bear-
ing on the extent of dissociation and ideal behavior
in fused salt solutions.

The data on the lowering of the freezing point of
sodium hydroxide are tabulated below. AT is the
observed lowering, /V is the ratio of the number of
formula weights of solute to total formula weights,
and 7 is the ratio of the observed lowering to 460N,
The mole fraction {reezing point lowering constant,
RT?2/AHp, using 1520 cal. per mole for AHy, has a
value of 460.

Within the precision of the measurements, it
appears that the above data are consistent with
complete dissociation of solute and solvent and
ideal behavior; omne formula weight of solute con-
tributing one mole of solute ion in the case of Na,-
COj and NaBr, two moles of solute ion with KBr,
and three with K,CQ;. In view of the possibilities
of solid solution formation, it is remarkable that the

(1) T. B. Douglas and J. L. Dever, J. Research Natl. Bur. Standards,
53, 81 (1954).
(2) R. P. Seward, THIS JOURNAL, 64, 1053 (1942).



