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As generally recognized silica is an inert material and therefore chemically stable. Recently, however, there has been
increased number of the reports that the chemical activity of silica generated when silica is treated by evacuation at 4
high temperature. With this regard, the present report is an everview of our work on photocatalysis by silica. The evacu-
ation at a high temperature brings about a generation of an active site; possibly an abnormally coordinated silicon alom
that is a photoluminescence center as well as a paramagnetic radical center. When the site is in contact with oxygen gas,
an O,"anion radical forms by UV light irradiation, which can oxidize alkene molecules and carbon monoxide. In the ab-
sence of oxygen, by introduction of alkene molecules to the system involving UV-irradiated silica, alkene metathesis
takes place. The melathesis reaction proceeds via. a metalacyclobutane intermediate although the presence of carbene

species has not been confirmed yet.
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Fig.1 Phosphorescent emission specira of samples excited
at A =300 nm; (a) Si0:-ALOs (13.8% ALOs), (b)
510z-AL0s (28.6% ALO3), (¢) ¥-AROs and (d) Si0..
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Table1 Photooxidation of propene.

entry sample conv./%Y  selectivity/%
POY PAY AAY
1 Si0: 1.52 289 033 408
2 1 wt%MgO/Si0: 6.62 50.8 0.70 231
3 13 wi%MgO/Si0; 7.09 1.0 1.43 403
4  MgC 912 25.0 0.03 250
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Fig. 2 Response of the teaction to the irradiation.

Table 2 Effects of pretreatment temperature and irradiation
wavelength upon photometathesis of propene.

entry T/K Filter  conv./%" C:C
1 1073 Y-43% 0.27 125
2 1073 Uv-299 475 1.05
3 1073 none 11.4 1.02
4 873 none 6.95 1.00
5 673 none 5.86 0.78

a} based on propene, b) 1, 2-epoxypropane, ¢) propanal CHs
CH:CHO, d} ethanal CH,CHO.

a) based on propene, b} Y-43 filter admits light with A >>430
nm, ¢) UV-29 filter admits light with A >290 nm.,
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Table3 Propene photometathesis over various silicas.

Evac. Temp. sample? metathesis ~ C2/C4
K conv./ %

873 AMS 3.1 0.82
FSM-16 16.9 0,94
silicalite-1 0.0 —
DM 0.0 —

1073 AMS 33.0¢ 1.04
FSM-16 33.3¢ 0.95
silicalite-1 0.0 -
DM 0.0 —

a) See text, b) conversion at equilibrium.
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Table4 Reaction of olefins over photoirradiated silica.

reactant (s} irrad. time gaseous composition after irradiation
C;H, (60.0) C.Dy (40.0) 1k C:H, {39.2) C:H:D: (38.2) C.D. {22.6)
1-2-C 4 1h 1-2-C 4 {95.6) ¢-2-C 4 (4.4)
¢-2-C4 1h 1-2-C 4 {6.6} ¢-2-C 4 (93.4)
1-C4 1h C2(1.4)C3(0.6) 1-C4(85.5)
1-2-C4 (0.7 e-2-C4(0.333-C6(1.3)
1-2-C5 05h 1-2-C 4 (0.85) c-2-C4 (0.13) 1-C 5 (CG.10)
1-2-C 5 (93.3) ¢-2-C 5 (4.62) 3-C 6 (0.97)
¢c-2-C5 0.5h C2(0.01)1-2-C 4 (0.08) ¢-2-C 4 (0.08)
1-C5(0.08)1-2-C 5(3.31) c-2-C 5 (96.3)
3-C6(0.13)
C2(49.8)1-2-C4 (50.2) 1h C2(43.7)C3(16.6)t-2-C4(34.9)
c2-Cd (@7
C2(50.5)c-2-C 4 (49.5) 1h C2(436)C3(181)t-2-C4{13.8)

¢2-C 4 (24.4)

30 pmol of reactant (s) was intreduced to the closed reactor. The underlined compounds are
the products of metathesis reactions. The values in parentheses are gasecus composition in
percent. Cn stands for the linear alkene of n carbon atoms. The marks t- and c-stand for trans

and cis isomers, respectively.
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Fig.3 TPD profile of water molecules desorbed from silica
and the change of the activity with the evacuation
temperature.
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Fig.4 ESR spectra of silica evacuated at 1173 K.
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