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Controlled metal nanoparticle deposition onto solid surface utilizing
photo-exited dyes and its application to catalyst preparation

Yamamoto, Akira
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Supported nanoparticle catalysts are widely used in our society. In this
research, we developed a preparation method of the supported nanoparticle catalysts utilizing
visible light and organic dye. Besides, we investigated the catalytic and photocatalytic activities
of the prepared materials and demonstrated that the materials prepared in this work catalyzed the

several reactions.
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Fig. 2 Schematic illustration of preparation method of
supported Au catalyst by photo-reduction method using
TCPP.
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Fig. 3 Diffuse reflectance infrared Fourier transform
(DRIFT) spectra of SiO, and NH,-SiO,. Background:
KBr.
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Fig. 4 (a) Diffuse reflectance UV-Vis absorption
spectra of NH,-SiO,, TCPP-Si0,, and TCPP-NH,-SiO,
and (b) UV-Vis absorption spectra of the filtrate before
and after the adsorption experiment of TCPP.

Table. 1 Result of the photo-reduction of Au ions on
TCPP-NHz-SlOZ and NHz-Si()z.

Entry Support Li/gﬁn K /dn:; Lo(istif;f) ”
1 TCPP-NH,-Si0, A 400 19.6 25
2 NH,-Si0, 2> 400 n.d. n.d.
3 TCPP-NH,-Si0, dark n.d. n.d.
4 TCPP-NH,-Si0, A > 450 n.d. 0.36

*1 Light used in this experiment, A : light wavelength, *2 diameter of
Au particles determined by XRD, *3 Au loading determined by XRF.
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Scheme 1. Dehydrogenative silylation of ethanol.

Table 2. Supported Au catalysts prepared in this work.

Entry Catalyst /dn;ll Lo(a\ziti;og) *
1 AWTCPP-NH,-Si0, (PD) 19.6 23
2 AWSIO, (IMP) 68 5.0
3 AWSIO,(DP) n.d. n.d.
4 AuNH,-Si0, (IMP) 75 43
5 AwWNH,-Si0, (DP) 6.6 46

*1 diameter of Au particles determined by XRD, *2 Au
loading determined by XRF.
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Fig. 5 XRD patterns of the supported Au catalysts prepared

in this work.
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Fig. 6 Time course of the dehydrogenative silylation of

ethanol over supported Au catalysts.
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Fig. 7 Time course of the dehydrogenative silylation of
ethanol over Au/NH,-SiO,(DP) after the calcination at

various temperatures.
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Table 3. Results of photocatalytic oxidation of benzyl

alcohol over various photocatalysts.

©/\OH i, A>510nm i "
=8, 1h, air
Entry Catalyst Yield (%) M.B." (%) TON
1 TCPP/TiOy(5) 29 93 97
2 TiO, 1 86
3 TCPP 0.2 100 0.2
4 TCPP/ALLO4(5) 7 99 21
5 TCPP/TiO,(10) 45 98 75
6 TCPP/TiO,(20) 64 91 52
! material balance. *? turnover number based on the number of TCPP.
1 100
s 0.9 W\/\/\/- 90 _
5 081 gmLr: V[ 80
3 0.7 1 48— 705
é 0.6 - TCPP/TIOL5) F 60 E
§ 05 - TCPPITION(10) | 50 &
% 04 4 TCPP/TiO,(20) | 40 =
< 03 - w F30
< 02 A% | 20
0.1 - J;\?\/\ 10
0 0

300 400
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Fig. 8 UV-Vis absorption spectra of TCPP/TiO, samples

with various TCPP loading.
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Fig. 9 Amount of benzyl alcohol over TCPP/TiO,

samples with various TCPP loading. Reaction time: 5

min.
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Fig. 10 Proposed reaction mechanism of photocatalytic
oxidation of benzyl alcohol over TCPP/TiO, (left) and

TCPP/A

1203 (I‘lght)
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