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Development of highly selective organic synthesis systems based on visible light
responsive W03 photocatalysts
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In this research program, we revealed that Particles of WO3 loaded with
appropriate cocatalyst such as Pt can produce phenol from benzene with high selectivity in water
containing molecular 02; the selectivity for phenol were much higher than those on conventional Ti02

photocatalysts that generated CO2 as a main product. The reactions using 180-labeled 02 and H20
clearly and firstly revealed that the holes generated on Pt/WO3 react primarily with H20 molecules,
even in the presence of benzene in aqueous solution, selectively generating OH radicals that
subsequently react with benzene to ﬁroduce phenol. In contrast, a portion of holes generated on Ti02
photocatalysts reacts directly with benzene molecules. This direct oxidation of substances by holes
undoubtedly enhanced non-selective oxidation, consequently Iowin? selectivity for phenol by TiO2.
The W03 photocatalysts also exhibited high selectivity for partial oxidation of various alcohols to
aldehydes or ketones in aqueous solution.
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Entry Photocatalyst Wavelength Atmosphere
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Initial concentration of benzene : 2.5 mmol L, Solvent : H,0 7.5 mL, Light source: 300 W Xe lamp h .OH
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Entry Photocatalyst Metal Amountof Pd Conversion (%) (Amount of Amount of
4 4 species or Pt (wt.%) (Irradiation time / h) CO, / pmol
acetone / pmol)
56.7 (7) 90.0 (52.9) <01
L WO, Pdo, 005 84.0 (10) 84.8 (73.9) 0.1
27.4(1) 89.7 (28.2) <01
2 WO, PdO, 0.1 52.2(2) 84.0 (50.3) <0.1
96.0 (7) 79.7 (87.8) <01
29.3 (1) 84.6 (27.6) <01
3 WO, PdO, 05 98.0 (7) 71.0(77.3) <01
44 wo, PdO, 0.1 35.9(9) 86.6(33.2) <0.1
90.1(7) 75.4 (96.8) <0.1
5 WO, Pt 005 97.3 (10) 67.9 (94.1) 0.2
54.0 (1) 81.4 (50.9) <01
6 WO, Pt 01 99.3 (7) 8.4(9.6) 50.7
7d wo, Pt 0.1 449 (1.5) 88.8 (45.3) <0.1
8 WO, unmodified - 11.3(7) 97.6 (11.6) <0.1
42.6 (1) 78.0 (17.2) <01
9 Tio, Pd 01 99.2 (7) 25.8(31.5) 190.1
75.3 (1) 73.4(60.5) 232
10 Tio, Pt 01 99.4(7) 1.5 (L.4) 266.6
) " 56.1 (1) 63.4 (42.6) 13.3
u Tio,  unmodified 0 99.2 (7) 24.9 (29.6) 178.6
alnitial amount of 2-propanol : 130.1 umol, Solvent : H,0O 100 mL,
Light source : 300 W Xe lamp (300 < 4 < 500 nm)
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Entry Subsirates Photocatalyst Cocatalyst ( ST 0

1 1-propanol WO, PdO, 33:3 g; 2?‘2 E%S:gi p g:l
2 tponaol  wo, R 509 270152 Taa
s tpopanmal  TO, P 557t 5760 i3
4 At-propanol  TiO, Pt s g; 1 {]2'2} oo
5 Benzylalcohol WO, PdO, 395_56((13), o '10((293'_21)) 0
6 Benzylalcohol WO, Pt gg:g 2;; g;; 8233} : 8;1
7 Benzylaloohol  TiO, Pd piRas ey by
8 Benzylalcohol  TiO, Pt oo g; W '73((47'03)) 2060
9 Cyclohexanol WO, pdo, &0 Baen bEY
10 Cyclohexanol WO, Pt 93:;0(35)) ?gi gg:g; p 8:1
11 Cyclohexanol  TiO, Pd el g; by §§33§ o
12 Cydlohexanol  TiO, Pt 23 2;; a7 §§33§§ P

“Initial amount of 1-propanol : 130.1 umol, Initial amount of benzylalcohol : 130.1 umol, Initial amount of
cyclohexanol : 130.1 umol, Solvent : H,0 100 mL, Light source : 300 W Xe lamp (300 < 2 < 500 nm)
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