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Effect of Gold Doping on the Photocatalytic Activity of the Anatase TiO,
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Abstract: ~ Combined with supercritical ethanol drying, anatase Au/TiO, and Au-TiO, with 0.2% (atom fraction)
Au content were synthesized by the deposition-precipitation (DP) and the coprecipitation (CP) respectively, and
characterized with XRD, BET, Raman, XPS, and TEM. The activity was investigated using the photocatalytical
degradation of methyl orange as probe. The results showed that the Au/TiO, dried at 110 had a very high
photocatalytic activity, the first-order reaction rate constans were 3.2 and 4.1 times higher than those of pure TiO,
and commercial Degussa-P25 photocatalyst respectively. The activity of Au/TiO, decreased after thermal treatment
or reduction in hydrogen due to the reduction of Au®". A suitable amount of Au** on the surface of TiO, as a trap for
photogenerated electron can be beneficial to improving the efficiency of the photocatalytic oxidation process. The
Au-TiO, did not improve the photocatalytic activity of TiO,. The sample with higher crystallization degree after
thermal treatment had the higher activity. But when the sample was treated in 800 , the Au would be reduced and
moved from the bulk to the surface of TiO,, which resulted in the increase of lattice oxygen vacancy and the
decrease of activity.
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Fig.1 XRD patterns of the samples prepared by DP and CP
DP: deposition-precipitation; CP: coprecipitation
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Fig.2 TEM images of samples treated at different temperatures
(a) Au-TiO,-500; (b) Au-TiO»-800; (c) Au/TiO,-110; (d) Au/TiO.-500

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



462 Acta Phys. -Chim. Sin., 2008 Vol.24
1-2nm Au , Au
Au . TiO,-800) ,
Au-TiO,-800 , Au
TiO, g
DP AU/TIO, TEM E
( 2c2d), 110 , 5-10 E
nm Au , 500
Au ( 5-10nm), Au . . .
() K8 86 B 82
23 XPS . Dm;'P:.n Aud
[20] AU AEO; Au(OH); Fig.3 ?éPS*Sipn:ctra (Auli‘;) :[ SJ;).mples
XPS , Au 4f;, 83.9 86.3 (a) Au-TiO-500: (b) Au-TiO-800; (c) Aw/TiO-110; (d) Auw/TiO~500
87.7 eV; Au 4fy, 87.7 89.6 914
eV. 3 XPS , , TiO,-800 1-2 nm ,
CP DP ,
, Au 4f,, 4fy, , 2.4 Raman
Au Au. Park [25] , TiO,
201 AU/ALO; AU/TIO, XPS 6 Raman , 130 396 512 636 cm
XAFS , ! . 4 Raman
400 AU ALY AU : , TiO, Raman ,
400 AU AW , XRD .
(20-24] Au AU/TiO, Raman ( 4(a)) ,
400 , Au¥ AU 130 cm* , Raman
AU/TiO-110  Au/TiO,-500 XPS E, O—Ti—0 (2
, DP CP TiO, AU/TiO,-110 130
, AuU/TiO,-110 cm! ,
Au**, 500 , XPS , AU
AU AUC. Au-TiO,-500 XPS TiO, Au—O—Ti
, Au-Ti0O,-800 Au 4f O—Ti—O
,  XPS Au/Ti , 500 , Au®* AL,
Au . TEM Au- Ti—O—Ti ,130 cm™*  Raman
127 v 98 KX AL-TiO,-£00

AuTiO-110 |

O -

PN . L L 1

— S R P
G 200 300 400 SO0 600 700 800 900 1000

Raman shift (cm™)

E 4 DP(a)f CP(b)iEH &#MA Raman i

Au- i =650

Au-Ti0),-500

100 200 300 400 500 600 700 500 900 1000

Raman stoft cm'}

Fig.4 Raman Spectra of the samples prepared by DP (a) and CP (b)
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Table 1 Photocatalytic activities of the samples for the photodegradation of methyl orange
L Initial reaction rate Surface area Initial area rate Lattice parameters (nm)
Sample K/(min* g . L
(umot L* mint g (m?* g (umot L* min* m?) a b
Au-TiO-500 0.1077 6.57 49 0.1341 0.37870, 0.95134
Au-TiO-650 0.1671 10.19 36 0.2831 0.37854, 0.95126
Au-TiO.-800 0.0493 3.007 15 0.2001 0.37862, 0.95129
Au/TiO-110 0.6160 37.58 21 1.790 -
Au/TiO,-500 0.4931 30.08 19 1573 -
Au/TiO;-H-300 0.3319 20.25 20 1.013 -
Degussa-P25 0.1483 9.046 51 0.1774 -
TiO,-800 0.1926 11.75 18 0.6528 0.37832, 0.95090
k: first-order rate constant
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Fig5 Time courses of the phototcatalytic degradation of methyl orange
(a) deposition-precipitation preparation: (b) coprecipitation preparation;
P25; commercial TiO, from Degussa Company: C: initial methyl organe concentration (20 mg-L™")
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