NOTES

information of import to catalysis. Gorok-
hovatskii ef al. have found that the yield
in the propylene-to-acrolein reaction is
virtually independent of the phase re-
lations in a CuO/Cu,0/Cu® catalyst sys-
tem (16). The data we have reported in-
dicate that crystal structure alone cannot
be used as a criterion for the reactivity of
the surface with propylene. For example,
we find that of the six species investigated
which react readily with propylene at
< 500°C, four contain a new phase and
two do not. Even within a binary family,
variation occurs. All three V/Mo samples
react readily with propylene although one
exhibits a new phase and two do not. These
factors, plus others demonstrated in this
work—the dependence of crystal structure
on method of preparation and the compli-
cated nature of the reacted mixed oxide—
make any effort to relate crystal structure
and catalytic properties extremely tenuous.
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Catalytic Hydrogen Transfer between
Cyclohexane and Benzene

In an effort to establish conditions for
the study of hydrogen transfer at catalytic
surfaces under conditions of thermodynamic
equilibrium, we have found that the
reaction

*CeHo(g) + CeHiz(g) — Colo(g) + "Collia(g) (1)

where *C is an isotopically tagged carbon
atom, occurs readily on a variety of eata-

lysts, including transition and nontransition
metals, supported and nonsupported.

The experiments were conducted by flow-
ing a mixture of benzene and cyclohexane,
containing radioactive benzene, in a stream
of purified He over a fixed catalytic bed.
The reactor outlet was fractionated by gas
chromatography, the fractions collected by
freezing at liquid N, temperature, and
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analyzed by liquid seintillation counting
techniques. The variables investigated were
catalyst, temperature, [C¢H,;]/[CsHs]
ratio, and contact time.

Typical results on Au-MgO (2 wt % Au)
are presented in Fig, 1, where the conver-
sion @ = [*CeH;z]/[*CeHe]o is plotted
against the contact time, + = F/v at 205°C
and [CeHi.]/[CeHs] == 2.0. The suffix ,
in the expression of a« refers to the initial
conditions; in the expression of r, F' is the
catalyst fraction void (~0.3) and the space
velocity v = fT'/273 VP (f, flow rate; T,
temperature; V, apparent catalyst volume;
P, total pressure). In Table 1 values of the
conversion « at various temperatures for
supported Pt and Au are reported.

a x10?
1.8}

NOTES

TABLE 1
CONVERSION « FOR REACTION (1)
OVER DIFFERENT CATALYSTS

Temp.  [CeHnl r
Catalyst °C) [CeHel (sec) @
Pt-ALO,  157° 3.5 3.5 1% 107
0.6%)
Pt-ALO, 182° 3.5 3.3 1 X107
0.6%)
Au-AlLO; 233° 4.5 0.1 7.7X 1073
(10%)
Au-MgOe+ 235° 6.2 2.8 2.1 X 107?
(2%)
Au-MgO? 205° 59 0.7 1.8 X 1072
2%)
¢ By precipitation.

® By impregnation.

O
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F1a. 1. Conversion of reaction (1) a = [*CeHyp]/[*CeHels, 88 a function of contact time, r, for Au-MgO

(2 wt %), 203°C, [CsH]/[CeH,] = 2.0.

No appreciable reaction was detected on
CoFe.0, at temperatures up to 235°C and
contact times up to 2 sec.

The results provide experimental evi-
dence that the transfer of H; between CoHi.
and CyH; occurred in a readily measurable
fashion on Pt and Au in the temperature
range 150° to 235°C. These results are con-
sistent with and related to earlier investi-
gations (1) on the exchange reaction

*CsHe(s) + CeHo(g) — *CeHs(g) + CeHols) (2)

where s refers to adsorbed phase, In this
instance, it was found that reaction (2)

took place readily on Pt at temperatures as
low as 80°C. Although the detailed mecha-
nism of reaction (2) was not uncovered at
that time, adsorbed hydrogen was a likely
intermediate present at the surface during
the occurrence of reaction (2). Similarly,
during these earlier studies, it was found
that by flowing a stream of C,H,, on a Pt
catalyst, onto which *C;H, was chemi-
sorbed, radioactivity could be easily de-
teeted in the effluent stream. It was not
ascertained whether the radioactive com-
pound was CH, and/or CeH,.

The present results indicate that the
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interaction of C;H,, with the catalytic sur-
face was a dehydrogenative chemisorption
producing adsorbed H,, which, in the pres-
ence of CsHe, induced the hydrogenative
desorption of the latter in the form of C¢H..
Thus, reaction (1) may be visualized to
occur as a sequence of two steps, namely,

CsHio(g) — CeHe(g) + 6H{s) (1a)
*CsHe(g) + 6H(s) — *CeHis(g) (1b)

Support for this view was obtained by ini-
tially feeding to the reactor CzH,, only.
Under these conditions (200°C) the forma-
tion of H, was detected. Introduction of
Ce¢H; in the inlet stream totally suppressed
the appearance of gas-phase H,. The results
of Table 1 indicate that Pt is the most
active of the catalysts reported. This con-
clusion is in agreement with the large body
of experimental results on the catalytic
hydrogenation of benzene. This is not un-
expected since kinetically reaction step
(1b) [or the reverse of reaction step (1a) ]
represents one stage of the overall hydro-
genation reaction of benzene.

During the occurrence of reaction (1) a
chemieal equilibrium between gas and sur-
face phases is established. The establish-
ment of this equilibrium is supported by the
experimental observations of constant re-
action conversion for periods of several
days of operation. Similarly the ratio of
benzene to cyclohexane was found invariant
in the reactor space and in time. Thus re-
action (1) may be used as a kinetic tool for
the study of the rate of hydrogen transfer
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at catalytic surfaces under conditions of
chemical equilibrium. The chemical poten-
tial of the reaction intermediate, adsorbed
H., is a function of the ratio of benzene to
cyclohexane at equilibrium. This ratio is
constant and known during the occurrence
of reaction (1). Thus, by obtaining ex-
perimental rate results at various ratios of
benzene to cyclohexane, the influence of the
chemical potential of adsorbed H., upon the
rate of reaction (1) may be brought to light.
Since adsorbed H, is the common inter-
mediate of the catalytic hydrogenation of
aromatics, we conclude that reaction (1)
represents a useful and interesting kinetic
tool for the study and classification of cata-
lytic behavior in the hydrogenation of
aromatic hydrocarbons.
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The Ratio of Absorption Coefficients of Pyridine
Adsorbed on Lewis and Brénsted Acid Sites

Spectroscopic studies of adsorbed bases, in
particular pyridine, have become well estab-
lished techniques for investigating the sur-
face acidity of catalysts (1-6). Bronsted and
Lewis acidity can readily be detected and
distinguished. In many cases, it is of in-

terest not only to determine the type of
acid sites but also their relative numbers.
Specific absorption bands in the spectrum of
chemisorbed pyridine near 1545 and 1450
cm~! can be assigned to pyridine adsorbed
on Bronsted and Lewis acid sites, respec-



