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The effect of a nitro compound upon the rate of catalytic exchange of deuterium and acetic acid is determined by the re­
mainder of the molecule. Where the nitro group is conjugated with an olefinic bond, the rate of exchange is accelerated by 
the addition of these compounds in low concentration. In more concentrated solutions of these compounds no exchange 
occurs initially, although exchange does occur after reduction of the nitro compound. Oximes derived by partial reduction 
of the nitro compounds in which the nitro group is conjugated with an olefinic bond increase the rate of exchange to values 
near those maxima exhibited by the parent nitro compounds. 

Previous work1 on the exchange between deu­
terium gas and acetic acid over Adams platinum 
catalyst has been extended. Line, Wyatt and 
Smith1 found that this exchange was first order 
with respect to deuterium pressure and essentially 
zero order with respect to acetic acid. The rate 
of exchange was also proportional to the quantity 
of catalyst present. I t was found that small 
amounts of nitrobenzene in the acetic acid com­
pletely prevented the exchange while nitroethane 
had no appreciable effect. These results were ex­
plained with the aid of catalytic hydrogenation 
data2 on these compounds. 

Since additional nitro compounds had been 
hydrogenated over Adams platinum catalyst in 
acetic acid and their kinetics elucidated,2 it was 
desired to study the effect of these compounds on 
the deuterium-acetic acid exchange. When this 
was done the interesting behavior of some of these 
nitro compounds led to the syntheses of certain 
oximes and the study of their effect upon the ex­
change. These oximes were shown by Smith and 
Bedoit2 to be formed as a result of the catalytic 
hydrogenation of the nitro compounds. 

Experimental 
Materials.—Du Pont C P . glacial acetic acid and J . T . 

Baker Chemical Company purified grade aniline were puri­
fied as in previous work.2 Adams platinum catalyst was 
prepared in the usual manner.8 2-Nitro-l-butene was syn­
thesized by the method of Smith and Bedoit.2 The product 
was purified by distillation in vacuo through a 30-cm. Vigreux 
column; b .p . 30-32° (6 mm.) , re23D 1.4358 (reported 39.5° 
(15 mm.) , M24D 1.4358).2 Nitromesitylene was prepared 
by the nitration of mesitylene.* The crude product was 
treated with activated charcoal and then recrystallized 
three times from absolute ethanol. The final product melted 
at 43.2-44.3° (reported 43-44°4). /3-Nitrostyrene was pre­
pared as directed in Organic Syntheses.* The crude product 
was treated with activated charcoal and recrystallized three 
times from absolute ethanol; it melted a t 56.8-57.5" (re­
ported 57-58°*). 

Methyl ethyl ketoxime was prepared by treating methyl 
ethyl ketone with hydroxylamine.6 The crude oxime was 
purified by fractional distillation through a 4-foot Vigreux 
column; b .p . 148.4° (741 mm.) , M20D 1.4414 (reported b .p . 
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152-155° (cor.), »2 0D (1.4428).7.8 Phenylacetaldoxime was 
prepared' by treating phenylacetaldehyde which had been 
purified by means of bisulfite addition compound, with 
hydroxylamine. The crude oxime was recrystallized 
three times from 3 3 % ethanol to yield a white crystalline 
material, m.p . 96.5-98.0° (reported 97-99°10). Deuterium 
gas was obtained from the Stuart Oxygen Company. 

Exchange Apparatus and Procedure.—The exchange ap­
paratus and procedure were essentially those described in 
previous work.1 Six milligrams of Adams platinum cata­
lyst was used in each exchange. The compounds studied 
were dissolved in pure acetic acid to give a total volume of 
10 ml. All exchanges were carried out at 35 ± 0.2°, the 
reaction time being three minutes unless otherwise stated. 

Analyses.—The analytical apparatus was essentially that 
described earlier.1 The manifold was modified by the 
elimination of all rubber connections and by thermostating 
the effusion chamber. The void in the hole through the 
barrel in the two-way stopcock leading to the pinhole was 
minimized by use of a KeI-F (fluorocarbon) insert which re­
duced the effective bore to 0.25 square millimeter. All 
effusions were carried out a t 35 ± 0.2°. Calculations were 
made as in earlier work.1 Percentage exchange is defined as 
the atomic per cent, hydrogen in the gas phase. 

Data and Results 
All exchange values are the average of at least 

three separate determinations unless otherwise 
specified. 

Deuterium gas exhibited a 28.5% exchange with 
pure acetic acid under the conditions of these ex­
periments (Table I). Benzene at a concentration 
of 1.125 moles per liter reduced the exchange of 
acetic acid and deuterium to 11.5%. Since Line, 
et al.,1 had found that the addition of nitrobenzene 
to acetic acid completely prevents the exchange 
reaction in solutions of moderate concentrations, 
the effect of aniline, a reduction product of nitro­
benzene, on the exchange was studied. It is seen 
(Table I) that aniline in low concentrations re­
duced the amount of exchange, but a concentra­
tion was soon reached where the addition of more 
aniline failed to affect further the exchange. 
Similar behavior was noted in the case of nitro­
mesitylene. /3-Nitrostyrene and 2-nitro-l-butene 
each increased the rate of exchange in low concen­
trations, but as the concentrations were increased 
this effect passed through a maximum and in solu­
tions of higher concentrations no exchange was 
detected for these systems within the three minute 
reaction time. There was an intense green color 
imparted to these nitro olefin systems during the 
exchange. 
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TABLE 1 

T H E EXCHANGE OF DEUTERIUM G A S OVER ADAMS PLATI­

NUM CATALYST WITH CERTAIN ACETIC ACID SOLUTIONS 

Solute Concn., moles/1. Exchange, % 

None (pure acetic acid) 28. 5 
Benzene 1.125 11 0 
Aniline 0.0025 23.4 

.01 21.0 

.10 21.2 
Nitromesitylene .001 27.8 

.01 25.9° 

.10 23.0° 
1.0 23.2° 

5-Xitrostyrene .001 30.2 
. 005 44.6 
.01 45.7 
.05 17.86 

.10 2.2^ 
1.0 0° 

2-Nitro-l-butenc 0.010 39.7 
.051 47.8 
.077 8.3" 
.1(1: 

1,02 
" These solutions were pale yellow after the exchange. 

1 These solutions were a brilliant chartreuse in color after 
exchange. ' Pale amber solutions after exchange. d Green-
brown solutions after exchange. 

This interesting behavior suggested the study 
of certain oximes shown by Smith and Bedoit2 

to be formed by the catalytic hydrogenation of /J-
nitrostyrene and 2-nitro-l-butene. It was found 
that each oxime increased the rate of exchange 
initially (see Table II), eventually reaching the 
point where the addition of more oxime failed to 
change further the rate of exchange. In neither 
case did the rate of exchange with the oximes 
present in relatively high concentration fall below 
that exhibited by pure acetic acid. However, the 
highest level reached was not as great as the 
maximum exhibited in the case of each of the parent 
nitro compounds. 

TABLE II 

T H E EXCHANGE OF DEUTERIUM GAS OVER ADAMS PLATI­

NUM CATALYST WITH CERTAIN OXIME-ACETIC ACID SOLU­

TIONS 
Solute Concn., moles/1. Exchange, % 

Methyl ethyl ketoxitne 0.1 27.3 
0.H 35,9 
1.0 37.1 
2.0 39 8 

t'henylacetaldoxime 0,0015 30.9 
.0045 30.2 
.0075 38.2 
.015 43.5 
.030 42.4 

Methyl ethyl ketoxime (0.1 Ai) plus aniline 
(0.1 M) 38 .5 

Methyl ethyl ketoxime (0.1 M) plus water 
(0.1 M) 35 .5 

Discussion 
In contrast to the behaviors of nitrobenzene, 

which prevented the exchange, and nitroethane, 
which had no effect upon the exchange, 2-nitro-
1-buteue increased it markedly in solutions of low 

concentration. This effect passed through a maxi­
mum, and in solutions of high concentration no 
exchange was detected. This was found to be true 
for /3-nitrostyrene as well. The maxima observed 
in the exchange curves for these nitro olefins indi­
cate that the reduction of the nitro group is com­
peting with the exchange of deuterium and acetic 
acid. In low concentrations of nitro olefin the 
rate of exchange is greatly accelerated, indicating 
either that insufficient nitro olefin is present to 
completely occupy the catalyst surface and ex­
change is taking place on the portion of the sur­
face which is not covered by adsorbed nitro olefin 
molecules, or the nitro group is reduced first and 
then desorbed to yield a species which increases the 
rate of exchange. 

If the former possibility were the case, the ex­
change shown by these systems should be less 
than that shown by pure acetic acid over the 
catalyst when no other compound is interfering 
with the exchange. In neither case did the initial 
portion of the exchange curve fall below that value 
exhibited by pure acetic acid. Previous evidence1 

indicates that even in dilute solutions of nitro 
compounds the catalytic surface is covered with a 
monolayer of adsorbed nitro molecules. 

The latter possibility is supported by several 
pieces of evidence. In the higher concentration 
nitro olefin solutions the rate of exchange fell off 
rapidly, and most of the deuterium gas was ab­
sorbed by the system during the three minutes of 
reaction, indicating that the reduction of the nitro 
group was proceeding rapidly. On the basis of the 
latter possibility, this is expected, for in these 
systems which contain more nitro olefin, a longer 
period of time and more deuterium gas would be 
required for complete deuteration of the nitro 
compound. Also, if these systems which showed 
little or no exchange were allowed to react with 
deuterium for a sufficient period to reduce all of 
the nitro olefin, these systems should exhibit an 
increased rate of exchange after the reduction of 
the nitro group. This was found to be so. 

Successive portions of deuterium were added to 
two different concentrations of /3-nitrostyrene in 
acetic acid and successive three-minute exchanges 
carried out with analysis of the gaseous phase 
between the addition of deuterium samples. The 
results are shown in Table III . 

REACTION OF /S-X 

Initial concn., 
mole/1. 

0.03 
.03 
.03 
.1 
.1 
.1 
.1 
.1 

T ABLE 

ITROSTYRENE 

Total 

G 

III 

SYSTEMS WITH DEUTERH M 

AS 

exchange ti 
min. 

3 
G 
9 
3 
6 
9 

12 
15 

me, Exchange (%) during 
last 3-min. interval 

38.8 
50.5 
39.2 

8.1 
32.7 
48.3 
46.5 
44.2 

In both cases there was a rapid uptake of deu­
terium, which became less with the addition of suc­
cessive samples of deuterium, and an intense, green 
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color was imparted to the solution. The amount 
of exchange was small following the first three 
minutes of reaction, but soon increased to a level 
somewhat above the maximum exhibited in the 
previously determined exchange curve for @-
nitrostyrene (see Table I), and then decreased 
slowly. The strong adsorption of the nitro com­
pound controls the reaction, reduction taking place 
first, and then the exchange reaction comes into 
prominence after the nitro compound has been 
reduced. The reduction and the exchange are 
both rapid under these conditions. 

The oximes did increase the rate of exchange 
initially above that shown by acetic acid, but after 
a given level of exchange was attained the addition 
of more material failed to increase further the rate 
of exchange. The final level reached by the 
oximes in each case was lower than the maximum 
exhibited by the parent nitro compound. Since in 
the reduction of nitro compounds, an amine and 
water are also formed,2 equimolar solutions of 
oxime-aniline and oxime-water in acetic acid were 
studied (see Table II). The oxime-aniline solu­
tion exhibited more exchange than did the oxime-
water solution, although the exchange in each 
case was greater than that exhibited by a solution 
of oxime of the same concentration. 

This indicates that in the reduction the a,/3-
unsaturated nitro compounds probably go through 
oxime intermediates which then increase the rate 
of exchange. There was sufficient methyl ethyl 
ketoxime present to furnish all of the hydrogen 
found in the gaseous phase, but for phenylacetald-
oxime this was not the case so that some of the 
hydrogen must have come from the acetic acid. 
There was no color formation during the exchanges 
involving the oxime-acetic acid systems. 

It has long been observed that cracking catalysts 
are not isomerization catalysts for paraffins at the 
usual cracking conditions. For example, Good, 
Voge and Greensfelder2 found, from studying the 
cracking of the isomeric hexanes at 550° and 0.5 
LHSV, direct isomerization of hexanes was of small 
importance, for only in the reaction with 2,3-

(1) Presented before the Petroleum Division, American Chemical 
Society, March, 1953. 

(2) G. M. Good, H, H. Voge and B. S. Greensfelder, Ind. Eng. Chem., 
39, 1032 (1947). 

The reaction of a nitro group with hydrogen 
over a catalyst is greatly affected by the remainder 
of the molecule. The nitro group in nitromesityl-
ene is attached to an aromatic ring which would 
indicate that this compound should prevent the 
exchange as does nitrobenzene. However, the 
two methyl groups oriho to the nitro group reduce 
the resonance interaction of the nitro group with 
the benzene ring. Thus the kinetics of the cata­
lytic hydrogenation of nitromesitylene are some­
what different from those for the hydrogenation of 
nitrobenzene. The lack of interaction of the nitro 
group with the ring results in a nitro group which 
in reactivity somewhat resembles one found in an 
aliphatic compound. Nitromesitylene in solu­
tions of low concentrations decreased the rate of 
exchange, resembling nitrobenzene, but in solu­
tions of higher concentrations nitromesitylene 
failed to change further the rate of exchange. 

Although the behavior of aniline is similar to that 
of nitromesitylene different considerations apply. 
The hydrogenation of aniline over Adams platinum 
catalyst in acetic acid is zero order with respect to 
aniline, as is the hydrogenation of nitrobenzene. 
Aniline, however, is less strongly adsorbed than is 
nitrobenzene and hence has less effect on the ex­
change. The fact that nitrobenzene undergoes 
hydrogenation initially to form aniline which is 
then desorbed has been shown in previous studies. 
When all of the nitrobenzene is hydrogenated, the 
aniline is readsorbed and the benzene ring hydro­
genated to give cyclohexylamine. 
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dimethylbutane was isomerization apparent (ap­
proximately 6% of charge). Unpublished data 
from this Laboratory and data given by Hansford3 

on the reaction of normal butane at cracking condi­
tions similarly disclosed no evidence of isomeriza­
tion. Pines, in his chapter in "Advances in Catal­
ysis,"4 stated, "The isomerization in the presence 
of the oxide catalysts proceeds usually at high 
temperatures and in the presence of hydrogen. 

(3) R. C. Hansford, ibid , 39, 849 (1947). 
(4) H. Pines, Advances in Catalysis, Vol. I (1918). 
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The interaction of C5-C8 paraffins with a silica-alumina cracking catalyst a t 100-150° was studied by measurement of iso­
merization and cracking. I t was found that two factors are critical if isomerization and cracking are to occur; one, the de­
gree of catalyst hydration, and two, the structure of the hydrocarbon molecule. Small amounts of water added to the highly 
dehydrated catalyst activate, and larger amounts inactivate the catalyst. Only paraffin molecules possessing a tertiary 
carbon atom undergo reaction at these conditions; monomethyl and dimethyl paraffins (with methyl groups on separate 
carbon atoms) show extensive isomerization, whereas normal paraffins and those molecules containing only the quaternary 
structure show no reaction. With highly branched structures, cracking becomes the predominant reaction, with isobutane 
the major product. 


