4 Vol. 16, No. 4
2000 7 CHINESE JOURNAL OF INORGANIC CHEMISTRY July, 2000
Ti I
— HMS
*,a a a, * % a b a b
(* 410081)
(" 410081)
HMS
FT-IR 960cm !
Si-OH
DET C=0 DET OH
HMS
0614.41*1 0643
0
MCM-41""" HMS"?!  MSU"!
1.5 ~10. Onm) (~1000m*: g '),
14,51
l6] (7] (8]
Mn2(CO) o™ Diels-Alder
(1ol Sharpless
(Ti(O'Pr)4 + DET) [
Sharpless (2]
HMS Ti(OPr)+ + DET  TiCl, + DET
FT-IR EDTA
1
1.1 HMS
HMS (21 TDA
1999-12-21 : 2000-02-25
No. 29773013
% %

37



T I

4 — HMS - 625
1. 0Si-0. 2TDA-72H,0-8. OEtOH
24h 873K
6h XRD SIEMENS D-500 CrKa, A=2.2924,
26=2° min"") HMS 6 =1.46°,
dioo =45. 0A 1 HMS 573K
2h
1.2 HMS
0.5g HMS 1. 25mmol
48h
413K l16h  HMS-Ti 5 ; 6' g 10
(O'Pr) 4( HMS-A)  HMS-TiCly( HMS-B) 20
0. 15g 0.06g DET  2mL | HMS XRD
288K 6h 323K Fig. 1 XRD pattern of HMS
HMS-A-DET  HMS-B-DET
1.3
KBr NICOLET 510P  FT-IR 4000 ~400cm ™'
0.1g EDTA
PE-2400
1.4
0.1g 3. 6mmol 1. 2mmol TBHP  2mlL
323K 1102 SE-30
FID
2
2.1
303K 333K 373K 393K Ti(O'Pr)s TiCl. HMS FT-IR
1 2 960cm ™!
TS 960cm ™ 3] (14 151
[16] Si02[17] [18]
Si-OH 1
960cm ™
Ti(O'Pr) 1
TiCl, ~ HMS

Ti(O'Pr) 4



626- 16

1
Table 1 Effects of Exchanged Temperature on the Exchanged Reaction between Ti Compounds and HMS

exchanged HMS-A HMS-B
temp. /K contents. /mmol- g~' 960cm ™! Ti loading 960cm ™'
Ti i-PrOH i-PrOH /Ti intensity /mmol- g~! intensity
303 1.38 3.54 2.57 0.35 1.67 0.52
333 1.30 3.17 2.44 0.30 1.17 0.22
373 1.08 1.87 1.83 0.18 0.89 —
393 0.93 1.52 1.63 0.12 0. 80 —
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Fig. 2 FT-IR spectra of HMS binding Ti compounds Fig.3 FT-IR spectra of HMS binding Ti complexes
a: HMS; b: HMS-A(393K); c: HMS-B(393K) a: Ti(O'Pr)s + DET; b: HMS-A-DET;
d: HMS-A(303K); e: HMS-B(303K) ¢: HMS-B-DET
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Table 2 Effects of Exchanged Temperature on the Catalytic Properties of HMS-Ti(O'Pr)4

exchanged  Ti loading conv. of product distribution /%

temp. /K /mmol- g~' styrene/% PhCHO PhCH.CHO  PhCHOCH:
303 1.38 11.6 83.9 16. 1 —
333 1.30 8.2 57.4 42.6 —
373 1.08 7.4 20.3 68.5 11.2
393 0.93 6.3 5.0 78.5 16.5

a: Reaction temperature and time were 303K and 24h respectively
2.4.2
303K 323K HMS-A (393K ) ( 2
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3 a
Table 3 Results of Styrene Epoxidation over Assembled Catalysts
Ti loading  reaction  conv. of product distibution/ %
catalysts .
/mmol- ¢~' time/h styrene/%  PhCHO PhCH,CHO PhCHOCH,
2 16. 4 8.2 70. 1 21.7
HMS-A 0.93 4 27.8 8.1 70.8 21.1
7 33.1 11.6 69.2 19.2
2 3.8 7.6 65.8 26.6
HMS-B 0. 80 4 7.6 5.4 70.7 23.9
7 10. 4 7.3 75.2 17.5
2 12.7 0.9 27.2 71.9
HMS-A-DET 0.93 4 13.5 2.4 41.5 56. 1
7 16. 4 5.6 50. 4 44.0
2 3.6 0.0 36.2 63.8
HMS-B-DET 0. 80 4 5.4 0.0 46.7 53.3
7 7.3 0.0 52.4 47.6
Ti(OPr)s 7 100" — — —
Ti(O'Pr)s + DET* 7 6.9 28.4 54.6 17.0
a: Reaction temperature was 323K
b: 0. Immol of Ti(O™Pr)s as catalyst, styrene was completely polymerized;
c: 0. Tmmol of Ti(O'Pr)s plus 0. 12mmol of DET as catalyst.
2.4.3 DET
Ti(OPr) 4 Ti(O'Pr)+ + DET
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7h 33.1%
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Assembly of Titanium Catalytic Active Center over Mesoporous Silicas |
—Assembly of Titanium Complexes over HMS

FU Zai-Hui*  YIN Du-Lin®* ZHAO Wei* MAO Li-Qiu®
ZHANG Lu-Xi" YIN Dong-Hong® ZHANG You-Yu"
(* Institute of Fine Catalysis and Synthesis, Hunan Normal University, Changsha 410081)
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The assembled methods for anchoring titanium complexes over hexagonal mesoporous silicas
(HMS) were studied by bonding interaction of the surface’s OH groups on HMS with Ti(O'Pr)4 or
TiCly. The characterized results indicate that the stronger binding of Ti compounds with HMS leads to
the appearance of 960cm ' band which is attributed to the vibration of Si-OH connected with Ti
compound. The shift of the carbonyl band of diethyl tartate (DET) anchored on HMS-Ti compound
is smaller than that of DET mixed with Ti(O'Pr)s in toluene at room temperature, this indicates that
DET is anchored on the carrier through the bonding of the OH groups of DET with Ti compounds. Ti
complex bound on HMS is more active than the free Ti complex for the epoxidation of styrene with
tertbutyl hydroperoxide (TBHP). Ti source, ligand and exchanged temperature have significant in-

fluences on the oxidative activity and the selectivity to epoxide of assembled catalysts.

Keywords: mesoporous molecular sieves HMS bond assembly

catalytic oxidation epoxidation of styrene



