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“surface’” paramagnetism. A number of writers*
have postulated the existence of a paramagnetic
layer on the surface of many if not all solids. This
postulate has been introduced to account for the
small but measurable ortho—para hydrogen con-
version on solids ordinarily considered to be dia-
magnetic. Although small, such conversion is
greater than can be accounted for by the influence
of nuclear spins. The reason why the surface
layer of atoms should be paramagnetic has never
been explained, nor has any direct relationship
been reported between the surface of a powder and
its supposed paramagnetism. The present ex-
periments establish that relationship in a qualita-
tive way because the crystalline lanthanum sul-
fate has obviously much less surface than either
the oxides or the oxalate. The sulfate shows the
smallest temperature coefficient of susceptibility.
A possible mechanism for the effect may be the
dropping of an electron back into the 4f shell in
the surface atoms only. It seems not impossible
that the high electric dissymmetry of the surface
could achieve what ordinary chemical reducing
agents cannot. A somewhat parallel effect has
been observed! in the case of zinc oxide. This
compound has a slight temperature coefficient of
susceptibility which disappears on sintering, that
is, reducing the surface. The implication is clear,
(10) Turkevich and Selwood, unpublished.
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therefore, that the effect described here is asso-
ciated with transition group elements, but is ac-
tually observable only with the diamagnetic ele-
ments at the beginning or end of a transition
group. This will be true because the ‘‘surface”
paramagnetism is at best small, and will be com-
pletely masked by the large normal paramagne-
tism of those elements actually members of a
transition group. The effect should be shown by
compounds of the following elements, besides
those already named: cadmium, mercury, scan- -
dium, yttrium, and lutecium. Sufficiently ac-
curate data on these elements are not yet avail-
able for an adequate test of this prediction.

Summary

Accurate measurements of magnetic suscepti-
bility at 20 and —150° have been made on the
compounds Las(SO04)s9H,0, Lap(Ca04)s10H0,
and Lay0s, the last-named being prepared in two
different ways. A slight residual paramagnetism
was observed in all cases. The possible causes of
this phenomenon are examined. It is suggested
that this work constitutes direct observation of
the so-called “surface’” paramagnetism which has
been postulated to explain the small ortho-para
hydrogen conversion on supposedly diamagnetic
surfaces.

EvANSTON, ILLINOIS REeCEIVED OCTOBER 27, 1938
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Arsonium Compounds.

I

By F. F. BLickE, HoBART H. WILLARD AND J. T. TARAS

Some time ago the discovery was made by one
of us (H. H. W.) that tetraphenylarsonium chlo-
ride? is a unique and very valuable analytical re-
agent. It serves for the quantitative precipita-
tion of perrhenate, periodate, perchlorate, perman-
ganate and other anions. As far as the authors
are aware tetraphenylarsonium permanganate is
the only insoluble permanganate known. Tetra-
phenylarsonium chloride is useful also in the de-
termination of zine, cadmium, mercury, gold,
platinum and other metals.*?

(1) Paper I, Blicke and Cataline, THIs JOURNAL, 60, 423 (1938).

(2) This investigation was made possible by a grant from the

Faculty Research Fund of the University of Michigan.

(3) Blicke and Monroe, TH1is JOURNAL, 567, 722 (1935).

(4) A full account of the analytical applications of the arsonium
chloride will be published soon by Willard and Smith,

(5) Other organic arsenicals which have found application in

The preparation of tetraphenylarsonium chlo-
ride,® while not especially difficult, is more labori-

analytical chemistry are arsonic acids. Thus, phenylarsonic acid
has been used for the determination of zirconium and thorium by
Rice, Fogg and James [THis JOURNAL, 48, 895 (1926)]. for zirco-
nium by Klinger and Schliessmann [ Arch. Eisenhiittenw., 7,113 (1933)]
and for tin by Knapper, Craig and Chandlee [Tzis JournNaL, 88,
3945 (1933)]. Tougarinoff [Bull. soc. chim. Belg., 45, 542 (1936)]
used nitrophenylarsonic acid for the estimation of tin. Iron has
been determined with the aid of p-z-butylphenylarsonic acid by
Craig and Chandlee [THis JoUrNaL, 56, 1278 (1934)]; Arnold and
Chandlee [ibid., 57, 8 (1935)], as well as Geist and Chandlee [Ind.
Eng. Chem., Anal. Ed., 9, 169 (1937)], have used #-propylarsonic
acid for zirconium; see also Chandlee, THiS JoURNAL, 6T, 591 (1935).
Recently the use of p-hydroxyphenylarsonic acid as a reagent for
titanium and zirconium has been described by Simpson and Chand-
lee [Ind. Eng. Chem., Anal. Ed., 10, 642 (1938)]. Feigl, Krumholz
and Rajmann [Mikrochemie, 9, 395 (1931)] have used p-dimethyl-
aminoazophenylarsonic acid for the detection of zirconium and
Bullard [J. Chem. Education, 14, 312 (1937)] described the use of
phenylarsonic acid in the qualitative test for tin,
(8) This reagent can be purchased from Merck and Company.
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Arsonium halide
Allyltriphenylarsonium bromide
Allyltriphenylarsonium iodide
p-Nitrobenzyltriphenylarsonium

bromide
p-Bromophenacyltriphenylarsonium
bromide
Triphenylbromoarsonium malonic
ester
Benzyltriphenylarsonium iodide
Benzyltriphenylarsonium chloride
Allyltribenzylarsonium bromide
Benzyldiphenyl-a-naphthylarsonium
iodide
Allyltribiphenylarsonium bromide
Arsonium nitrate
Tetraphenyl
Todomethyltriphenyl
Benzyltriphenyl
Methyltiriphenyl
B-Hydroxyethyltriphenyl

Allyltriphenyl

% Michaclis and Paetow, Ber., 18, 41

JournaL, 60, 421 (1938).
bid., 57, 721 (1935).

(2

ous than that of a number of

® Michaclis, Ann.,

Conse-

quently, it was considered advis-
able to determine whether or not
ds of the

alkyltriphenyl type could serve

any arsonium compoun
An investigation of the follow-

as satisfactory analytical re-

which can be obtained merely
agernts.

alkyltriphenylarsonium halides
by allowing triphenylarsine and
an alkyl halide to react at an

elevated temperature.

¢ Worrall, bid., 52, 665 (1930).

TABLE I

ARsONIUM HALIDES AND NITRATES

Prepared from

Triphenylarsine and allyl bromide

Allyltriphenylarsonium bromide and potassium iodide

Triphenylarsine and p-nitrobenzyl bromide

Triphenylarsine and p-bromophenacyl bromide

Triphenylarsine and ethyl bromomalonate

Triphenylarsine and benzyl iodide

Benzyltriphenylarsonium iodide and silver chloride

Tribenzylarsine® and allyl bromide

Diphenyl-a-naphthylarsine” and benzyl iodide

Tribiphenylarsine® and allyl bromide

Tetraphenylarsonium bromide? and nitric acid
Todomethyltriphenylarsonium iodide® and nitric acid

Benzyltriphenylarsonium iodide and nitric acid

Methyltriphenylarsonium iodide® and nitric acid
B-Hydroxyethyltriphenylarsonium chloride® and silver

.nitrate

Allyltriphenylarsonium bromide and silver nitrate
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arsonium chloride, none of these
compounds reacted quantita-
‘tively with iodine or with the

262°,

¢ Michaelis [Ann., 321, 169 (1902)]

M. p., °C.
180-181
163-164

160-162
170-171

169-171
155~157
180-181
180-182

171-172
264-266

259-2617
189-190
178-180
131-1337

138-140
146-148

Formula
Ca1H0AsBr
CaHgpAsI
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% As
Caled. Found
17.56 17.29
15.82 15.86
14.36 14.35
12.84 12.95
13.76 13.34
14.31 14.58
17.34 17.52
15.99 16.08
13.07 13.45
11.45 11.15
16.83 16.59
14.73 14.53
16.34 16.77
19.58 19.76
18.16 17.77
18.33 18.42

procedure but did not report a melting point.
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perchlorate,

A number of new arsonium
halides and nitrates which have

been prepared are listed in Table
The nitrates were obtained
by warming a mixture of the
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concentrated nitric acid until all
of the liberated halogen had been
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Arsonium Halides.—The arsine
was heated with two to three times

obtained this nitrate by a different

(7) Michaelis, Ann., 821, 168-179 (1902).
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the calculated amount of the required halogen compound
for at least twenty-four hours on a steam-bath and the cold
product then washed with ether. If the materials were
solids which did not melt below steam-bath temperature
absolute ether was used as a solvent; in this case the ar-
sonium compound separated, gradually, from the solution.

Allyltriphenylarsonium iodide precipitated when potas-
sium iodide solution was added to 1 g. of allyltriphenyl-
arsonium bromide dissolved in 25 cc. of water.

To obtain benzyltriphenylarsonium chloride 10 g. of the
corresponding arsonium iodide, 20 g. of freshly precipitated
silver chlorideand 400 cc. of water were refluxed for twenty-
four hours, the mixture filtered and the filtrate evaporated
to dryness on a steam-bath.

In order to purify the arsonium halides and nitrates the
products were dissolved in the least possible amount of
absolute alcohol and precipitated by the addition of ab-
solute ether.

Arsonium Nitrates.—The procedures used are illustrated
below.

Three grams of iodomethyltriphenylarsonium iodide was
warmed with 10 cc. of coned. nitric acid until all of the
iodine had been evolved. The solution was then heated to
dryness on a steam-bath, the crystalline residue dissolved
in the smallest possible amount of absolute alcohol and
absolute ether added until the iodomethyltriphenylar-
sonium nitrate began to precipitate.

Ten grams of allyltriphenylarsonium bromide dissolved
in 300 cc. of warm water was stirred and 3.5 g. of silver
nitrate, dissolved in 100 cc. of the same solvent, was
added slowly. The mixture was heated for a short time
and then silver nitrate solution added, dropwise, until no
more silver bromide precipitated. The mixture was fil-
tered and the filtrate evaporated to dryness.

Tetraphenylarsonium Chloride.—Phenylmagnesium bro-
mide was prepared from 30 g. of magnesium, 135 cc. of
bromobenzene and 600 cc. of ether in a 5-liter three-
necked flask fitted with a reflux condenser and a stirrer
which passed through a mercury seal.

After 1 liter of dry benzene had been poured into the
solution of the Grignard reagent, 120 g. of thoroughly dry
triphenylarsine oxide was added, in four portions, during
the course of four hours and the viscous mass on the bottom
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of the flask was stirred thoroughly until all of the oxide
had disappeared; this usually required about three hours.

The ether-benzene layer was decanted from the viscous
oil, the latter washed with 200 cc. of benzene and 1 liter
of water was then added, slowly, while the oil was stirred
with a stirring rod. After thorough trituration hydro-
chloric acid (about 300 cc.) was added until all of the white
solid, which had formed upon addition of the water, had
disappeared. The small amount of benzene—ether usually
present was removed and the mixture cooled, whereupon
the oily product gradually became crystalline; it was fil-
tered and dried; yield 128 g.

The aqueous, acidic filtrate was treated with sodium
hydroxide until it was only slightly acidic and any tetra-
phenylarsonium halide which precipitated at this stage
was removed by filtration. The solution, the volume of
which was about 2 liters, was boiled with charcoal, filtered
and enough solid sodium chloride added to almost saturate
the boiling solution; about 300 g. was required. A small
amount of the arsonium chloride, usually about 10 g.,
precipitated when the solution was cooled and the con-
tainer scratched.

In order to purify the crude arsonium chloride, which
contained some bromide, it was dissolved in approximately
1600 cc. of hot water, solid sodium chloride added (about
300 g.) until the hot solution was almost saturated and the
solution then cooled; total yield 138 g. or 869, of the
caled. amount; m. p. 255-257°.8

Summary

A number of new arsonium halides and nitrates
have been described. It has been found that al-
kyltriphenylarsonium halides, as far as they have
been investigated by us, are not satisfactory sub-
stitutes for the valuable analytical reagent tetra-
phenylarsonium chloride.

An improved procedure has been described for
the preparation of tetraphenylarsonium chloride.

ANN ARBOR, MICHIGAN RECEIVED OCTOBER 5, 1938

(8) Ref, 3. The melting point reported is 256~257°.



