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was faster than diffusion.
of hydrogen chloride gas is faster than the rate of
exchange of methylene chloride (expt. 3a, b, ¢, d)
(other halogenated methanes which we have tested
show much faster exchange, however). (4) De-
tectable exchange of hydrogen chloride gas with
aluminum chloride occurs at —80° and the tem-
perature coefficient of the exchange is low (expt.
4). (5) The exchange may be observed with
vacuum sublimed commercially produced alumi-
num chloride (expt. 6) as well as with aluminum
chloride synthesized i situ (expt. 1, 2, 3, 4, 5).

Because of the fact that negative results have
been reported in an attempt to measure the ex-
change! we have sought tests which would be as
conclusive as possible in demonstrating that the
results which we have observed are not due to
causes other than exchange. Thus, the fact that
hydrogen chloride picks up more activity than
methylene chloride, when exposed to the same
aluminum chloride surface at the same pressure and
transferred in the system in the same way, elimi-
nates the possibility that bulk transfer of aluminum
chloride to the counter or other physical effects
are involved. Transfer of aluminum chloride as a
spurious indication of exchange is also eliminated
by the fact that exchange was observed when the
activity was initially in the hydrogen chloride, and
yet again by an analysis for aluminum in the
hydrogen chloride fraction from expt. 2. The
latter analysis showed aluminum equivalent to
only 0.25%, of the aluminum used in the reaction.
In order to demonstrate the absence of radioactive
hydrogen chloride which would have been pro-
duced by hydrolysis if water were present as an
impurity in expt. 2 the aluminum chloride reactant
was analyzed for aluminum and chlorine after the
reaction. The ratio was found to be 0.256 in agree-
ment with the calculated value of 0.2535 for AICL.

The absence of exchange in the experiments of
Richardson and Benson at room temperature
may have been due to the method of preparation of
their aluminum chloride. An example of the sensi-
tivity of such surfaces to small differences in treat-
ment is the fact that aluminum chloride prepared
in situ by our method and subsequently exposed
briefly in a “dry-box’’ to nitrogen which had been
dried by passage through magnesium perchlorate
always exchanged chlorine with carbon tetra-
chloride much less readily than aluminum chloride
which had not been so exposed.® This presumably
was due to small amounts of residual moisture in the
dry-box atmosphere, since no effect on the reac-
tivity was observed as a result of exposing a similar
surface in a vacuum system to air dried by passing
through a long train of phosphorus pentoxide.?

In order to determine whether aluminum chlo-
ride prepared by the 7n situ synthesis we have used
has a greater ability to form a stable compound
with hydrogen chloride than that investigated by
other workers,® Mr. James Reavis of our labora-
tory has made adsorption measurements of the
pressure~volume type. These show that there is
no reaction at room temperature and 500 mm.

(5) C. W, Hetrmann, Ph.D. thesis, University of Wisconsin, 1949,
(6) H. C. Brown and H. Pearsall, THIS JoURNAL, 73, 4681 (1951).

NotEes

(3) The rate of exchange'
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pressure in excess of that which might be expected
from slight physical adsorption.

It is impossible to state the mechanism of the
exchange reported here on the basis of the facts
available. The difficulty of obtaining identical
aluminum chloride surfaces with which to test the
influence of pressure and temperature of hydrogen
chloride is a complicating factor in making quantita-
tive studies. It seems clear from the work of
Brown and Pearsall® and Richardson and Benson'
and of more recent work in our laboratory, how-
ever, that the equilibrium concentration of HAICI,
must be extremely low.

It has been suggested® that the exchange between
alkyl chlorides and solid aluminum chloride may be
due to the fact that the aluminum chloride is an
ionic crystal with localized spots of unsaturated
charge on the surface which can adsorb molecules
with permanent or induced dipoles by coulombic
attraction. There is then the possibility that when
the species leaves the surface it will do so with a dif-
ferent chlorine atom than came on. It may be that
a process of this type is involved in the exchange
of hydrogen chloride with aluminum chloride.
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part by the United States Atomic Energy Commis-
sion, in part by the University Research Commit-
tee with funds made available by the Wisconsin
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Tritium labeled styrene has been prepared by the
reduction of acetophenone with tritium and sub-
sequent dehydration of the methylphenylcarbinol.
The reduction was carried out at room temperature
and atmospheric pressure over platinum oxide.
Dehydration of the carbinol in the presence of p-
toluenesulfonic acid! gave a 799, yield of styrene
of specific activity 0.66 mec./mm.

An apparatus for tritiation has recently been
described.? A simpler, more convenient apparatus
of general application is reported here that permits
efficient utilization of tritium. The significantly
different reaction rates of tritium and protium
make it essential to use a reduction mixture as
rich in tritium as possible. By the Toeplering
procedure outlined below the effects of the differ-
ences in diffusion rates of tritium and protium are
avoided and a very efficient transfer of tritium from
the low pressure ampoule to the hydrogenation
vessel is accomplished. Tritium assay of benzoic
acid obtained from the oxidation of the tritiated
styrene indicates that 99 of the total tritium in the
styrene was introduced by exchange with protium
on the benzene ring.

(1) Procedure developed by M. A, Leaffer of this Laboratory.

(2) D. 1. Williams and A. R. Ronzio, THIs JoURNAL, 72, 5787 (1950).
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Experimental

Apparatus and Procedure for Tritiation of Multiple Bonds.
-—The tritiation apparatus employed is illustrated in Fig 1.
The hydrogenation bottle containing catalyst and material
to be tritiated was placed in a mechanical shaker. The
entire system with stopcock E open was evacuated with a
water aspirator through stopeock A and flushed several tintes
with tank hydrogen through stopcock G.  An atmosphere of
““cold”” hydrogen is left in the bottle by closing stopcock B.
With the system evacuated at 15-20 mn. pressure, stopcocks
C and F closed, aud the mercury at the top of the 350-ml.
buret at stopcock D, the tritium ampoule is opened at the
breuk seal. The mercury in the buret is pulled down with
the Toepler pump at the base of the burct i order to traus-
fer the tritium frowm the ampoule into the buret. Stopeock
D is then closed and the pressure in the ampoule brought
to 1 atin. with tank hvdrogen. The gas in the ampoule was
then pulled into the buret and Toeplered back and forth be-
tween buret and ampoule twice to ensure thorough mixing.
This process was repeated nutil about 130 ml. of gas at |
atnt. pressure was contained in the buret. The shaker was
then started, and after this quantity of gas was used i the
reduction, stopcock B was closed and thie above procedure
repeated.  In all, this methiod of removal of tritium and
reduction with portions of 150 ml. of gus was carried out
five times. The buret was then filled completely with tunk
hydrogen and the reduction allowed to go to completion.
The apparatus shonld be employed it an efficient hood and
sintee onee used for tritiation it becomes contamninuted there-
after, it should be used for tritiution experiinerntts only.

Il “l !
i il i
L e g0 @ #
' FRITTED ) TRITIUM : i
o DiGK AMPOLLY | N
T 1 ! TH»
550 M| L) krom Tank
‘BT;RET“l‘ MANDMUTER
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=S+ T WATER ASPIRATOR

s
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Fig. 1.-~Trittation apparatus.

Methylphenylcarbinol.—Iun a Purr hydrogenation bottle
were placed 5.0 ml. of distilled acetophenoue (b.p. 44-45°,
I mm.) and 0.30 g. of platinum oxide catalyst. The reduc-
tion was carried out by the procedure described above emr-
ploying a tritium ampoule containing 50 mc. (Oak Ridge
value). The hydrogenation stopped by itself after 1158 ml.
of gas was absorbed in 3.5 hr. (Theoretical uptake of hy-
drogen for reduction of acetophenone to carbinol was 1102
ml.). The organic material was dissolved in ether and
filtered to remove the catalyst. After most of the ether
llad been distilled off at atmospheric pressure, the last
traces were removed in vacuo. In a comparable cold run
methylphenylearbinol (b.p. 88°, 13.5 mu.) (#7® 1.526(1
was isolated in 929, yield.

Dehydration of Methylphenylcarbinol to Styrene.—In the
hot run, the tritiated methylplienylcarbinol, after the last
traces of ether had becn removed from it, was dehydrated
directly without distillation.

To the flusk containing the methylphenylearbinol were
added 10 mg. of picric acid and 5 mg. of p-toluenesulfonic
acid and to the receiver 10 mg. of picric acid. With the
bath temperature at 155~190°, the water and styrene dis-
tilled at 42-68° at 100 mm. pressure. After drying over
anhydrous magnesium sulfate, 3.54 g. of styrene b.p. (62.5~
63.5°, 60 mm.) (n%p 1.5409) was obtained which repre-
sented a 799 yield based on acetophencne.

Analysis of this material for tritium indicated a specific
activity of 0.66 me./mm.

Oxidation of Styrene to Benzoic Acid.-—In order to deter-
mine whether any tritium had been introdiced into the
styrenc by excliange of tritium with protiuim on the benzene
ring, the tritiated styreue was oxidized to benzoic acid with
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potassium permanganate?® and the benzoie acid analyzed for
its tritiumn content.

To remove any tritium tlat might have exchanged with
thie carboxyl hydrogen during the oxidation, the beunzoic
actd was dissolved in 5% sodium hydroxide solution and
allowed to stund for 30 minutes. The sclution was acidified
with sulfuric acid and chilled i an ice-bath for 30 minutes.
The white solid was filtered, washed with cold water and
again dissolved in sodium hydroxide. This process was
carried out four tintes in all. The benzoie acid tlus ob-
u{ine(l> was dried in an Abderhalden pistol (im.p. 122.8-
123.0°).

Analysis for tritium coutent indicated 0.06 wme./mnt.
whicl would correspond to 99, of the total tritium in the sty-
remnc.*

Trittum Analyses.—Amnalyses for tritium were accom-
plished by combustion of the organic compound on a semi-
muticro scale and conversion of the tritiated water to tritium.?
The tritium gas was then counted in an tonization chamber
in conjunction with a Lindemann-Ryerson clectrometer:®
The equivalence of rate of discharge of the electrometer
(mv./sec.) per wmillicuric of tritium was established with
aliquots of tritium obtained by manometric dilution of
several tritium ampoules of given activity as supplied by
Oak Ridge Natioual Laboratory.

Acknowledgment.—We wish to thank Mr. John
J. Rohan for valuable assistance on the mano-
metric dilutions of the tritium gas.

t3) R. L. Sliriner and R, C. IFuson, “The Systematic Identification
of Organic Compounds,” 2nd Ed., John Wiley and Sons, lnc,, New
Yerk, N Y., 1940, p. 164,

(41 If there were no prefercutial formation of C-T bond over, C-H
bond, then calculating from the values of the specific activities of the
tritiated styrene and the tritiated benzoic acid, the specific activity of
the carbinol should have been 1.26 me./mm. Even if all of the 50 me.
of tritinm in the ampouale had been introduced into the acetophenone,
theoretically the maximum value of the specific activity of the earbinol
would have been 1.16 me./mm.

This observed diserepancy Detween the theoretical and computed
values of the speeific activity of the carbinol can be attributed to one
or more of the following factors: ¢a) The values assigned by Oak
Ridge for the tritinm content of the 30 me, ampoule and for several
ampoiles used in the standardization of the analytical procedire may
liuve beenin error. (b)) The errar of the analytical procedure employed
ts within 425109 (¢) There may be a preferential formation of the
C- T bond or O-H bond over a C- 11 bond and O-T Lond in the redue
tion of acetaphenone with H-T.

I.. C. Anderson and N. W. MacNaughton (‘Tuis JourNaL, 64, 1156
119124} have reported preferential formation of the C-D bond in the
reduction of the carbonyl gremp with H—-D over Raney nickel, How-
ever, tliey observed no such selectivity with a platinum catalyst at
room temperatire. Théy established that the observed effects were not
date to exchange reactions under the conditions of the hydrogenation.
reaction of H-T with a ecarbonyl group would
seem possible. If less than 100'7 of the tritium were introduced into
the acetophenone, as is iikely, the cffect is even more significant. It is
toped that further work will help determine whether tn catalytic re-
duetions of carbonyl compounds with H~T sueh preferential formation

A preferential

of C-T bond actually occurs,

5y FoC Henriques, Jro., and C. Margnetti, [nd. Eag. Chem., 18, 420
[RECOEITN

61 Co Do lanoey vad BoJo Moyer, Rev. Soil dnslruvzents, 19, 667
[
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The Heat of Formation of Ferrocene

Bv F. ALBERT COTTON AND GEOFFREY WILKINSON
RECEIVED JUNE 6, 1952

Ferrocene has been prepared! by reaction of
cyclopentadienylmagnesium bromide with ferric
chloride, and ulso, by the direct action of cyclo-
pentadienc on a “doubly-promoted Haber cat-

(1; T. 1. Kealy and . 1. Pauson, Natuwre, 168, 1030 (1051,



