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Abstract— The formation of Pt-Mo bimetallic clusters on y-AlLO, has been investigated using magic angle spinning “Al
NMR spectroscopy, “"Xe NMR spectroscopy, transmission electron microscopy, hydrogen chemisorption and catalytic dehy-
drocyclization of n-hexane. The chemical shift in Xe NMR for the Pt-Mo/y-ALO, system decreased with the addition of
Mo. indicating the formation of Pt-Mo bhimetallic clusters. The formation of the bimetallic clusters with the addition of 0.1-
03 wt% Mo to 1 wt% Puy-ALO, led to a remarkable decrease in the catalytic activity, probably due to the Pt atoms being
masked physically by the Mo atoms located on the surface of the Pt particles. On the contrary, the catalytic activity in-
creased significantly when 0.01 wt% Mo was added. The small quantity of Mo seemed to be located at the Pt-alumina in-
terface, stabilizing the cluster by anchoring to the support. Electronic effects due to the Mo addition may also be suggested
to enhance the activity.
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Table 1. Hydrogen chemisorption for Pt-Mo/y-AlLQ, at 296 K

Sample Hy/M* Hg. /M’ H,,./M*
1 wt% Pty-AlLO, 1.37 0.42 0.95
1 wt% Pt-0.01 wt% Mo/y-ALO, 1.58 0.53 1.05
1 wit% Pt-0.5 wt% Mo/y-Al.O, 0.41 0.06 035
1 wt% Mo/y-ALO, 0.20 0.00 1.20

“Hy/M is for the total adsorption of hydrogen on the catalyst after
reduction in hydrogen and evacuation at 673 K. "H,,./M is for weakly
adsorbed hydrogen, determined by effecting a second adsorption series
after evacuation of catalyst sample for 30 minutes at 296 K following
completion of total adsorption. ‘H,,/M is for irreversibly adsorbed hy-
drogen and is obtained as the difference between H,,,/M and H;., ‘M.
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Fig. 1. "Al NMR spectra of Pt-Mo/y-AlL,O,. (a) 1wt% Mo/y-AlLO,
(calcination), (b) 1 wt% Mao/y-Al,Os(reduction), (c) 1wt% Pt/
¥-AlLO;(reduction), (d) 1wt% Pt-0.5 wt% Mo/y-Al,O,(calcina-
tion), (e) 1wt% Pt-0.5 wt% Mo/y-ALO,(reduction), () 1 wt%
Pt-0.01 wt% Mo/y-Al,O,(reduction).
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Fig. 2. "’Xe-NMR spectra of xenon adsorbed on (a) y-ALO,, (b) 1
wt% Mo/y-ALO,, (c) 0.01 wt% Mo/y-ALO,, (d) 1wt% Pt/y-
ALOQ,. All the spectra were measured at 296 K and 53.3 KPa.
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Fig. 3. "’Xe-NMR spectra of xenon adsorbed on (a) 1wt% Pt-0.5
Wt% Mo/y-ALO,, (b) 1wt% Pt-0.1wt% Mo/y-ALO,, (¢) 1wt%
Pt-0.01 wt% Mo/y-AlL,O;. All the spectra were measured at

296 K and 53.3 KPa.
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Fig. 4. Chemical shift in '"Xe-NMR of xenon adsorbed on Pt-Mo/y-
AlLO, plotted against the Mo/(Pt+Mo) ratio.
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Fig. 5. Transmission electron micrographs of Pt-Mo/y-ALO,. (a) 1wt% Pt/y-ALO,, (b) 1 wt% Mo/y-ALO,, (¢} 1wt% Pt-0.01 wt% Mo/y-AlLO,,

(d) 1wt% Pt-0.5 wt% Mo/y-Al,O,.
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Fig. 6. Conversion of n-hexane as a function of time at 773 K. Re-
duction with hydrogen at 773K for 2 hrs after calcination

with oxygen at 773 K for 2 hrs. H,/n-hexane=10.
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Fig. 7. Benzene yield of n-hexane as a function of time at 773 K.

Reduction with hydrogen at 773 K for 2 hrs after calcination
with oxygen at 773K for 2 hrs. H,/n-hexane=10.
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Fig. 8. Benzene selectivity of n-hexane as a function of time at 773
K. Reduction with hydrogen at 773K for 2 hrs after cal-
cination with oxygen at 773K for 2 hrs. Hy/n-hexane=10.
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