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Synthesis of organic-inorganic composites with high anisotropy and their unique
catalytic functionalities
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Niobium oxide composed of nano-plate particles with the width of 35 nm and the
length of 200 nm can be readily synthesized from the nanocrystalline niobium compound intercalating
ethylene glycol obtained by the solvothermal reaction of niobium ethoxide in ethylene glycol. The
solvothermally synthesized catalysts showed much higher activities for selective photooxidation of
benzyl alcohol to benzaldehyde under visible light irradiation than commercial niobium oxide.
Photooxidation of hydrocarbons under visible light hardly proceeds over niobium oxide, but the niobium
oxide heat-treated under a vacuum condition is found to show a catalytic activity for photooxidation of

cyclohexene under visible light.
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Fig. 1 (a) XRD pattern and (b) TEM image of
solvothermally-synthesized product.
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Fig. 2 (a) XRD patterns of NbOH-773 (i) and
NbEG-773 (ii). TEM images of NbOH-773 (b) and
NbEG-773 (¢ and d).

NbEG-1073 NbOH-1073

1073 K

Fig. 3
i
f 20 F TT
o L
£ r S
2 15 e_-" TT
® e °
S 10 71,477 am
g TA/v am °
5 oo s
o 5[V e NDEG
g Ler 4 NbOH
g 0 -( I . I . I
= 0 40 80 120

BET surface area/ m?2g+?

Fig. 3 The initial rate of benzaldehyde production
vs BET surface areca. The abbreviations are as
follows; am, amorphous phase; TT, TT-Nb,Os; T,
T—Nb,O:s.
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Fig. 5 UV-Vis spectra of as—synthesized
Nb,Os (a) and Nb,Os after cyclohexene
adsorption (b and c). Nb,Os was treated under

673 K vacuum condition at r.t. (b) and at 673 K (c).
673 K
Fig. 4 EG-/ @
3]
673 K =
1 Qa (b)
o
%)
el
A MJ’/‘“\J\&

3250 2600

s :
§_16 o (@ v Wavenumber / cm
E 0 () v Fig. 6 IR spectra of cyclohexene in gas phase (a)
812 A© and on Nb,Os (b and c). Nb,Os was treated
S v (d) ..
o v under vacuum condition at r.t. (b) and at 673 K
5 8 ©).
-E v
g4
§
v A A A
I o IR
8 omeofomom,. ... 00,
= 0 1 2 3 4 5 )
Reaction time/ h UV-Vis
Fig. 4 Oxidation of cyclohexene: on vacuum-heat
treated Nb,Os at 673 K (a); without catalyst (b); on
Nb,O5 oxidized under oxygen atmosphere (50 Torr)
for 1 h after vacuum treatment at 673 K (¢), and on
Nb,Os vacuum-heat treated at 673 K (d). (a and b)
carried out under the reaction condition without
photo-irradiation, and (¢ and d) the reaction
condition under photo-irradiation.
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