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Fig. 1 XRD patterns of Au-silica catalysts with (a) different Au loading(% ) (1) 0; (2) 2.4; (3) 3.2; (4) 4.0;
(5) 5.8% and (b) different calcination temperature (4.0% loading) (6) 350 C; (7) 450 °C; (8) 550 °C; (9) 650 C
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Fig.2 UV-vis spectra of Au-silica catalysts with (a) different Au loading (% ) (1) 1.6; (2) 2.4; (3) 3.2; (4) 4.0;
(5) 5.8 and (b) different calcination temperature (4.0% loading) (6) 350 °C; (7) 450 C; (8) 550 C; (9) 650 C;
(10) 550 °C (recycled catalyst)
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Fig.3 FT-IR spectra of Au-silica catalysts with (a) different Au loading (% ) (1) 0; (2) 2.4; (3) 3.2; (4) 4.0;
(5) 5.8 and (b) different calcination temperature (4.0% loading) (6) 350 °C; (7) 450 C; (8) 550 °C; (9) 650 C
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Fig.4 (a) SEM images of Au-silica catalyst; TEM images and particle distribution of Au-silica
catalysts (b) 4.0% ; (¢) 5.8% ; (d) 4.0% (recycled catalyst).
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Fig. 5 XPS spectra of O 1s and Au 4f of Au-silica catalyst (4.0% )
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Table 1 Effects of preparation methods on styrene epoxidation

Styrene Product selectivity /% "
Catalysts ,
conversion'/ % SO BA PA Unknown
Au-Silica (IM) 44.8 44.5 52.5 0.7 2.3
Au-Silica (US) 34.7 12.9 84.4 0.4 2.3
Au-Silica (before calcination) 34.4 54.3 43.1 0.7 1.9
Au-Silica (after calcination) 68.2 67.2 30.1 1.3 1.4

Reaction conditions; catalyst 0.02 g (Au; 4.0% ), styrene 2 mmol, CH;CN 5 mL, TBHP 2 mL (70% in water) , 82 °C, 10 h

IM: impregnation, US: ultrasound
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Table 2 Effects of calcination temperature on styrene epoxidation

Styrene Product selectivity /%"
Temperature /°C .
conversion'/ % SO BA PA Unknown
350 52.1 67.5 30.5 1.4 0.6
450 60.8 66.9 29.9 1.1 2.1
550 68.2 67.2 30.1 1.3 1.4
650 52.9 70.0 27.3 1.3 1.4

Reaction conditions: catalyst 0.02 g (Au: 4.0% ), styrene 2 mmol, CH;CN 5 mL, TBHP 2 mL (70% in water), 82 °C, 10 h
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Table 3 Oxidations of styrene on Au-silica catalyst using different solvents*

Styrene Product selectivity /%"
Solvent -
conversion' /% SO BA PA Unknown

CH,CN-DMF (9 : 1) 63.5 84.7 13.8 1.5 -

CH,CN-DMF (9 : 1)° 97.5 82.8 15.3 1.9 -
CH,CN 62.8 66.2 33.2 - 0.6

DMF 32.0 68.6 28.8 2.6 -

CICH, CH, Cl 27.6 44.4 55.6 - -

CH,Cl 12.9 69.1 28.4 2.5 -

a. Reaction conditions: Au-Silica catalyst 0.02 g (Au: 4.0% ), styrene 8 mmol, solvent 5 mL, TBHP 2 mL (70% in water) ,

82 °C, 14 h; b. Determined by GC; c. Reaction time was 20 h
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Table 4 Effects of different Au loading on styrene epoxidation

Styrene Product selectivity /%"
Au loading/% o
conversion'/ % SO BA PA Unknown
O — — — - —
1.6 53.7 78.4 20.3 1.3 -
2.4 61.2 80.3 19.4 0.3 -
3.2 56.7 80.0 18.9 1.1 -
4.0 63.5 84.7 13.8 1.5 -
5.8 66.7 82.0 16.4 1.6 -

Reaction conditions; Au-silica catalyst 0.02 g, styrene 8 mmol, CH;CN 4.5 mL, DMF 0.5 mL, TBHP 2 mL (70% in water) ,

82 °C, 14 h

2.2.5 LR EE IR R LR G- R
L3, ZJ5-DME S5, i fE A 79 i) 3 52 ol 1
PEAT TWESE, IOVAS RN S s, SEReai R,
MEALT AT R VIR i, AR AT LR BB 1)
PG B =y . T SOV IS DR 1CP A AR
KBARGHLT IR R, TEFALR T 50% etk
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Table 5 Recycling of catalysts

Styrene Product selectivity /%"
Recycling times .
conversion /% SO BA PA Unknown
1 97.5 82.8 15.3 1.9 -
2 96.6 82.0 15.8 2.1 -
3 92.7 82.4 16.9 1.7 -
4 92.0 81.0 17.5 1.5 -

a. Reaction conditions; Au-silica catalyst 0.02 g (Au: 4.0% ), styrene 8 mmol, CH;CN 4.5 mL, DMF 0.5 mL, TBHP 2 mL

(70% in water) , 82°C, 20 h; b. Determined by GC
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Abstract; Epoxides being very useful and versatile intermediates for the synthesis of many commodities and fine
chemicals, and many problems, such as high energy consumption and environmental pollution, existed in industrial
production, which makes studies on styrene epoxidation by environmentally friendly methods is a subject of great in-
terest from both academic and industrial points of view. A series of Au-silica ( nanosphere) catalysts were prepared
by in situ synthesis; highly dispersed gold nanoparticles ( GNPs, 6.4 nm) were obtained, and catalytic tests
showed good catalytic activity and epoxidation selectivity. The catalysts were characterized using X-ray diffraction
(XRD) , Fourier transform infrared spectroscopy ( FT-IR) , X-ray photoelectron spectroscopy ( XPS) and other in-
struments, combining with the investigation on the reactivities of styrene epoxidation, the preparation conditions of
Au-silica catalysts were optimized.
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