Feb., 1945

for any of the organic acid decompositions studied
to date.

7. A new means for measuring the acidity
function of oleum up to 28.3%; free sulfur trioxide
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concentration, by kinetic measurements with
o0-benzoylbenzoic acid, is shown to have experi-
mental basis and proof.

SuMMiT, NEW JERSEY RECEIVED SEPTEMEER 19, 1944

[CONTRIBUTION FROM THE CHEMICAL LABORATORY OF THE JoHNS HopriNs UNIVERSITY]

The Poisoning of Nickel Hydrogenation Catalysts by Water Vapor'*

By W. B. Burrorp, III, anp J. C. W. FRAZER?

During some experituients on the hydrogenation
of ethylene over nickel catalysts anomalous re-
sults were observed which indicated that traces
of water vapor might be acting as a catalyst poi-
son. The following experiments, which were
performed to detect the limit of such action,
showed that the effect could be observed at a
pressure of water vapor as low as 10™* mm.

A similar poisoning effect by oxygen or water
vapor was observed by Normann* for palladium
hydrogenation catalysts, and Woodman and
Taylor® have shown that water vapor causes a
decrease in rate of hydrogenation over zinc
‘chromite catalysts, although in this case the
amount of water vapor was much larger.

Experimental Part

Catalyst.—To make the catalyst as sensitive to poisoning
as possible it was prepared with a small, highly active
surface area. This was done by etching c. p. nickel pellets
of 1 to 3 min, diameter with aqua regia to produce a mat,
after which they were oxidized in a streain of oxygen at 550

-to 700° for sensitization. Batches of about 70 g., occupy-
ing about 25 ml., were then placed in the catalyst chamber
and reduced ¢n situ. These catalysts had an activity suf-
ficient to couvert 150 ml. per minute of ethylene-hydrogen
mixture practically completely at temperatures above 75°,
but only about 307, at room temperature,

Reagents.—The ethylene was “‘anesthetic’’ grade, with
listed impurities of 0.859,. It was purified by passage
first through a pre-catalyst tube containing finely divided
uickel reduced from carbonate which was maintained at a
slightly higher temperature than the main catalyst tube.
The gas next passed through a trap cooled with Dry Ice
in acetone and then through a large tube of phosphorus
pentoxide free from phosphorus trioxide.

The hydrogen was a coimnmercial grade prepared electro-
lytically aud contained about 1.89; oxygen. It was puri-
fied by passage over platinized asbestos at 350° with sub-
sequenit dryiug in the same mauner as for the ethylene.

Apparatus and Procedure.—Kmnown mixtures of the
purified gases were prepared and measured by flow nieters
patterned after a design by Bruun,® and were then led to
the catalyst bulb, part of the hydrogen being by-passed
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through the humidifying train and returned to the main
stream. In the experiments cited the gas was geuerally
mixed in the ratio 3 hydrogen to I ethylene at a total
flow of 200 ml. per minute.

In the by-pass humidifying line the hydrogen first
picked up water vapor from a trap at rocom temperature,
after ‘which the excess nioisture was frozen out in a con-
denser cooled with Dry Ice in acetone. Temperatures as
low as —106° were obtained by evacuating the vessel con-
taining the Dry Ice.

The gases coming from the catalyst chamber were
analyzed in a standard gas analysis apparatus. Ordinar-
ily analyses were made only for ethylene by absorption
in fuming sulfuric acid, though a few check determinations
of the other constitygents were also carried out. Sample
analyses agreed with flowmeter readings within one half
per cent.

The operating technique was to cool the catalyst chani-
ber in boiling water imuediately after reduction of the
catalyst until the thermocouple within the catalyst bed
showed 108°, At this point the gas mixture, which had
been flowing to waste under operating conditions for some
time to sweep out the system, was adinitted to the catalyst
tube. The heat of reaction was great enough to maintain
the reaction vessel at 106 to 108° when the vessel was im-
mersed in boiling water. Saniples were taken at numerous
time intervals beginning at two minutes and continuing
for several hours.

Results

Using the catalyst which gave complete hydro-
genation with pure gases above 75°, it was found
that at 107° the presence of 3 X 10~* mm. of
water vapor was sufficient to cause a decrease of
59, in the amnount of hydrogenation after a re-
action period of forty minutes. With higher
amounts of water vapor—about 10~° mm.—the
drop in activity was more pronounced and it re-
quired less time for a noticeable effect to occur.
With pressures of 0.1 mm. of water vapor the ac-
tivity dropped ultimately to about 309, of its
normal value,

Omne attempt to find an effect of water vapor at
a pressure of 5 X 10~% mm. gave negative results
after an hour at 107°, so that 10~* mm. is pre-
sumably the lowest pressure at which poisouing
can be detected under these conditions. How-
ever, since the catalyst is not as sensitive to poi-
soning at 107 as at 74°, the lowest temperature at
which it attains complete conversion, it is pos-
sible that some retardation might be observed for
smaller water vapor pressurcs at the lower tem-
perature.

Effects with such small amounts of water vapor
were probably made possible by the extremely
sensitive form of catalvst used. The surface
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area was undoubtedly relatively small and hence
easily affected by small amounts of material.
However, it does suggest that even with the very
large area of ordinary nickel catalysts, hydrogena-
tions of a difficult character may well be made
wore efficient by rigorous drying of all materials
in contact with the catalyst during the course of
the reaction.

The poisoning was found to be reversible since
the catalysts could be reactivated completely by
reheating in hydrogen at 375° after having been
poisoned to 309 of their original activity. Thus
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the effect of the water vapor appears to be due to
a preferential adsorption which can be removed
by treatment with excess hydrogen.

Summary

Water vapor has been shown to be a poison for
nickel hydrogenation catalysts, the effect being
noticeable as low as 3 X 10~* mm. pressure of
water vapor in the present experiments.

The poisoning is reversible, the catalyst being
reactivated by heating in hydrogen.

BarTIMORE, MARYLAND  RECE1VED NOVEMBER 24, 1944

[CONTRIBUTION FRO# THE GATES AND CRELLIN LABORATORIES OFf CHEMISTRY, CALIFORNIA INSTITUTE OF TECHNOLOGY,
No. 988]

The Structure of Spiropentane

By JERRY DONOHUE, GEORGE L. HUMPHREY AND VERNER SCHOMAKER

Murray and Stevenson' have prepared a C;Hs
hydrocarbon by the debromination of penta-
erythrityl bromide with zinc dust. They as-
signed to this substance the spiropentane struc-
ture (I) on the basis of its Raman spectrum,
chemical properties, and method of preparation.
We have confirmed this assignment of structure
by an electron diffraction investigation carried
out on a sample of the new hydrocarbon supplied
us by Dr. Murray.

Experimental.—The electron diffraction ap-
paratus used in this investigation has been
described by Brockway.? The camera distance
was 10.86 cm., and the wave length of the elec-
trons, determined against zinc oxide smoke,® was
0.0609 A. Photographs taken with the sample
at 0° showed features extending to ¢ values of
about ninety-five (g = 40/A sin #/2).

Interpretation.—Both the rad:al distribution
method* and the correlation method® were used
in interpreting the photographs. The radial dis-
tribution curve was calculated with the equation

Irtax -
= ~ag? i -
rD{r) ;;:1 I(g)e sm(10 g)

where @ was so determined that e%¢" equals
1/10 at ¢ = 100. The values of I(g) were taken
from curve V (Fig. 1), which was drawn to repre-
sent the appearauce of the photographs. The
unobservable first feature (dotted) was drawn to
agree approximately with the theoretical curves.

Theoretical intensity curves for the correlation
treatment were calculated using the simplified
theoretical scattering fornmla

ZiZ; A
(g = Z e e~ biig? sin i 7iiq
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The temperature factor b was given the value
0.00016 for bonded C-H terms, 0.0003 for non-
bonded C-H terms, and zero for C-C terms.
These calculations were made with punched cards
on International Business Machines.

The radial distribution curve, R of Fig. 1,
shows maxima at 1.09, 1.49, 2.19 and 2.77 A., and
ashelf at 3.0 A. This curve is in complete agree-
ment with the spiropentane structure, as shown
by the heavy vertical lines representing the vari-
ous distances and their amplitudes in the finally
accepted model. Direct estimates of the angle
paratneters of the spiropentane structure (I) can
easily be made with the information provided by
the radial distribution function. The average
C-C bond distance 149 A. and the non-bonded
C--C distance 2.77 A. correspond to a CyCiC,y
bond angle of 61°, Taken with these data, the
C~H distance 1.09 A. and the shortest non-
bonded C--H distance 2.19 A. then imply an
HCH bord angle of 121°.

Theoretical intensity curves were drawn (Fig.
1) for various models of the spiropentane struc-
ture (I) with a molecular symmetry of Dy —

42m, with the reasonable assumption that the
plane of £ HCH bisects £ CCC. There are
then three parameters which determine the con-
figuration of the molecule. These were taken as
£CyCyCy, £ZHCH, and the ratio C-H/Cy~Cs.
These paraimneters were varied in a systematic
fashion. Since the curves are relatively insensi-
tive to changes involving the hydrogen atoms
only, the second and third parameters cannot be
determined with great accuracy. Thus if £C,-
C.Cy o= G1.5°% and C-H/C,-(; = 1.08/1.48, then
cowmparison with the appearance of the photo-
graphs show that ZHCH = 120 = 8°, whereas
if C-H/Co-Cy = 1.08/1.48 and £LHCH = 120°,
LT 0 = (1.5° with an uncertainty of only
about one degrec. With a longer or shorter
C-H distance and/or an HCH angle differing
cousiderably from 120°, however, the range of



