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Disproportionation of Ethylbenzene: Reply to Guisnet

Guisnet (/) has commented on our paper
“‘Disproportionation of Ethylbenzene: A
Potential Test Reaction for Acidity of Bi-
functional Zeolite Catalysts®’ (2). In our pa-
per we reported a significant decrease in
activity of (reduced) Pt/LaNaX catalysts
toward ethylbenzene disproportionation
when H, was admitted to the feed stream.
Guisnet proposes as a possible explanation
the decrease in concentration of intermedi-
ate carbenium ions, viz. C¢HsC*HCHj;,
due to (V) reaction with H, (resulting in eth-
ylbenzene and H™) or (i) reaction with the
product ethylcyclohexane (resulting in eth-
ylbenzene and the tertiary ethylcyclohexyl
cation). Support for these explanations is
inferred from earlier work by Minachev et
al. (3) and Gnep et al. (4, 5).

First of all, it is important to note that the
earlier studies (3-5) dealt with reactions of
toluene or xylene where quite different
mechanisms most probably apply as com-
pared with the case of ethylbenzene dispro-
portionation (6, 7). The main point is that
methylaromatics are lacking the secondary
carbon atom in the alkyl group.

Moreover, explanation (i) should also
hold for disproportionation of ethylbenzene
over an acidic catalyst not loaded with no-
ble metal, since this case would require in-
termediate CqH;C*HCH; carbenium ions
as well. In contrast, we have shown that
admission of hydrogen to the feed stream
has no effect on the disproportionation ac-
tivity in the case of Pt-free LaNaX or unre-
duced Pt/LaNaX catalysts (see Fig. 1, Ta-
ble 1, and text of Ref. (2)).

Finally, in more recent experiments we
have employed the same (reduced) 0.2 Pt/
LaNaX catalyst for a very much different
test reaction, viz. the dehydration of cyclo-
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hexanol (8). This reaction is also catalyzed
by the acidic OH groups of the zeolite (9).
Again, upon admission of hydrogen the ac-
tivity decreases significantly. This finding
provides further support for the assumption
advanced in our paper (2) that admission of
H, decreases the strength of the Brgnsted
acid sites of the catalysts. However, we
wish to stress that we still consider this as-
sumption as a hypothesis (cf. Ref. (2)).
Confirmation of this hypothesis, which is
related to earlier work by Chick et al. (10),
requires further experimental evidence.

Guisnet’s second suggestion (ii) is indeed
an interesting approach. However, the in-
hibiting effect of admitted hydrocarbons
with a tertiary carbon atom on the conver-
sion rate of alkylaromatics is small, even if
they are admitted in a concentration of 2%
(5). In our experiments, the concentration
of ethylcyclohexane formed from ethylben-
zene was of the order of 0.1% (Fig. 1 in Ref.
(2)). As expected, we have found in addi-
tional experiments that the admission of
ethylcyclohexane does not affect the rate of
cthylbenzene conversion over 0.2 Pt/
LaNaX, at least up to the concentrations of
cyclohexane that are typical of the experi-
ments described in Ref. (2).

Likewise, in view of the abovementioned
influence of hydrogen admission on the rate
of cyclohexanol dehydration over Pt/
LaNaX, Guisnet’s suggestion (ii) cannot
apply: upon hydrogen admission to the cy-
clohexanol feed the product, viz. cyclohex-
ene, is partly hydrogenated to cyclohexane.
The latter does not contain a tertiary car-
bon atom and hence no inhibiting effect re-
lated to (ii) should occur. Nevertheless, we
did observe the decrease in activity (vide
supra).
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In conclusion, Guisnet offers interesting
alternative explanations for our results.
However, we believe that a more detailed
discussion of these alternatives reveals that
they are inconsistent with several impor-
tant findings, as shown in this reply.

REFERENCES

1. Guisnet, M., J. Catal. 88, 249 (1984).

2. Karge, H. G., Sarbak, Z., Hatada, K., Weitkamp,
1., and Jacobs, P. A., J. Catal. 82, 236 (1983).

3. Minachev, Kh., Garanin, V., Isakova, T., Kharla-
mov, V., and Bogomolov, V., in ‘“‘Molecular
Sieve Zeolites II’” (R. F. Gould, Ed.), Adv. Chem.
Ser. Vol. 102, p. 441. Amer. Chem. Soc., Wash-
ington, 1971.

4. Gnep, N. S., Martin de Armado, M. L., and
Guisnet, M., in ‘‘Spillover of Adsorbed Species’’
(G. M. Pajonk et al., Eds.), Studies in Surface
Science and Catalysis, Vol. 17, p. 309. Elsevier,
Amsterdam, 1983.

5. Gnep, N. S., and Guisnet, M., React. Kinet. Ca-
tal. Lett. 22, 237 (1983).

6. Csiscery, S., J. Org. Chem. 34, 3338 (1969).

7. Streitwieser, Jr. A., and Reif, L., J. Amer. Chem.
Soc. 82, 5003 (1960).

8. Karge, H. G., and Kosters, H., in ‘‘Proceedings,
8th Canadian Symposium on Catalysis’’ (Water-
loo, Ontario, 1982),” p. 126, (R. R. Hudgins, Ed.),
University Press, Waterloo, 1982.

9. Karge, H. G., Kosters, H., and Wada, Y., in
‘“Proceedings, 6th International Zeolite Confer-
ence, Reno, Nevada, 1983" (A. Bisio and D. H.
Olson, Eds.), Butterworth Scientific, Guildford, in
press.

LETTERS TO THE EDITORS

10. Chick, D. J., Katzer, J. R., and Gates, B. C., in
“Proceedings, 4th International Conference on
Molecular Sieves’ (J. Katzer, Ed.), p. 515, ACS
Symposium Series No. 40, Amer. Chem. Soc.,
Washington, D.C., 1977.

H. G. KARGE
Y. WapA

Fritz-Haber-Institut der Max-Planck-Gesellschaft
Faradayweg 4-6

D-1000 Berlin 33

Federal Republic of Germany

J. WEITKAMP

Engler-Bunte-Institut
Universitdit Karlsruhe (TH)
Richard-Willstiitter-Allee 5
D-7500 Karlsruhe 1

Federal Republic of Germany

P. A. Jacoss

Centrum voor Oppervlaktescheikunde
en Colloidale Scheikunde

Katholieke Universiteit Leuven

De Croylaan 42

B-3030 Leuven (Heverlee)

Belgium

Received February 17, 1984



