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Synopsis. The relative rate constants and the
activation energies of the isomerization of butenes over
sulfuric acid-graphite intercalation compound have been
measured. ¢is-2-Butene is more reactive than I-butene.
The reaction profile shown on the triangular graph is of
the trans-convex type.

Much attention has been paid to all the charac-
teristic properties of graphite intercalation compounds,
and the catalytic properties of the compounds have
been extensively investigated in various reaction sys-
tems.!=2 In this study, the interest has centered on
the catalytic characteristics of the sulfuric acid—graphite
intercalation compound (H,SO,~GIC), the isomeriza-
tion of butenes being employed as a model reaction.

Experimental

A usual flow-type system with a by-pass at atmospheric
pressure was employed to follow the reaction, nitrogen
being used as the diluent. The H,SO,~-GIC, the catalyst,
prepared beforehand in a vacuum system similar to that
described previously,® was fixed in the system.

The nitrogen stream with butene as a reactant was
flowing only through the by-pass in the meantime; then
it was diverted to flow through the reactor. The flowing
rate of the nitrogen was ca. 40 cm®/min, the amount of
catalyst used being 0.10g for each run. The reaction
mixtures were analyzed by means of gas chromatography
with a column packing of 2,4-dimethylsulfolane on Uniport
C.

The butenes were obtained from the Tokyo Kasei Kogyo
Co., Ltd.; their purity was confirmed by gas chromato-
graphy to be more than 999%,. Before each run, the
catalyst was treated with a nitrogen stream at 373K for
2h, and the experimental results were well reproducible.

Results and Discussion

The double-bond migration and the c¢is-trans iso-
merization of butenes took place over H,SO,-GIC.
The graphite does not show any catalytic activity for
the reaction under the same experimental conditions.
The skeletal isomerization could not be observed, as
was reported previously.?) No gaseous hydrocarbon
other than butenes could be detected in the reaction
mixtures under the present experimental conditions.

The rate of the isomerization of butenes was almost
proportional to the pressure of the reactant. From
the rates of reaction and the selectivity ratios, all six
of the relative rate constants and the activation energies
of reaction were determined in a manner similar to
that described previously.® The results are shown in
Fig. 1. Itis of much interest that cis-2-butene is more
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Fig. 1. Relative rate constants at 300 K and activation
energies (kJ/mol) bracketed.
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Fig. 2. Reaction profile of isomerization of butenes
over H,SO,~GIC at 300 K.

reactive than l-butene.

Figure 2 shows the reaction paths calculated at 300
K. The triangular graph thus represents one of the
catalytic characteristics of H,SO,~GIC for the isomer-
ization of butenes. Since the rate equations employed
are expressed on the basis of the sum of the forwards
and backwards reactions, and since the time variable, ¢,
is eliminated in the graph, the compositions of butenes
can be shown from the initial to the equilibrium state.
The curves, which originate from the left side of the
triangle, bend convexly to the right. The profile may
be named the ‘‘frans-convex type,” which is entirely
different from that obtained in the isomerization over
KGg.

The following mechanisms for the isomerization of
butenes have been proposed for different catalytic
systems.?) (1) A hydride-addition mechanism for met-
als, (2) a carbenium-ion mechanism for acid catalysts,
and (3) an allylic mechanism for basic catalysts.
When the isomerization takes place with a carbenium-
ion mechanism, the selectivity ratio, cis/trans, is
about unity, while 1/cis and 1/irans are less than 3.0,
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usually less than 1.0. The selectivity ratios obtained
in the present may be in agreement with a carbe-
nium-ion mechanism.

The observed order of the relative rate constants
of isomerization, ¢is-2-butene> 1-butene> trans-2-bu-
tene, however, does not agree with what would be
expected from a carbenium-ion mechanism. Accord-
ingly, it can not necessarily be concluded that the
active sites of H,SO,~GIC have same kind of acidic
properties as hitherto reported.®) The further discus-
sion on the points will have to await new results, which
may clarify the reaction mechanism.
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