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Ultra-High-Vacuum Temperature-Programmed Desorption of Oxygen
on the Surface of Ag SiO, Catalyst
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Abstract There are two adsorption modes for oxygen on silver atomic and molecular. The results of ultra-high-
vacuum temperature-programmed desorption of oxygen show that three states of oxygen are present on the Ag
SiO; surface. They are surface molecular oxygen T,=340 K bulk-dissolved atomic oxygen T,=570 K
and sub-surface atomic oxygen T, =700~800 K . No surface atomic oxygen species is detected owing to the
decrease of the concentration of the surface atomic oxygen during the high-temperature treatment in the prepara-
tion process of Ag SiO,. The high-temperature treatment also increases the defect concentration on the silver
surface which favors the diffusion of surface atomic oxygen to the bulk and to form bulk-dissolved oxygen. The
surface molecular oxygen desorbs at 340 K and does not react with CO. Increasing the partial pressure of gas-
phase oxygen can facilitate the diffusion of oxygen to the bulk resulting in an increase in the intensity of the
desorption peak of the bulk dissolved-oxygen. The desorption temperature of the sub-surface oxygen is higher
than those of the other two oxygen species because of the high resistance for the diffusion of oxygen from the
bulk to the surface. Both the bulk-dissolved and the sub-surface oxygen desorption peaks are formed via the dif-
fusion of bulk-dissolved oxygen to the surface but follow different diffusion mechanisms. The bulk-dissolved oxy-
gen diffuses wia an interstitial mechanism at low temperature since the active energy is low while the sub-sur-
face oxygen must get over much higher active energy to perform interstitialcy diffusion at high temperature.
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1

2.2

Pa

pressure of 1.0X 1073 Pa at 298 K for 3 min

30s 2 60s 3 120s 4 300s 5 600s 6 750 s
4 1.0x10°°
3 min

298 K
TPD . 4
=370 K 1 340 K
100 K
370 K
373 473 573 K 2
2
573 K
2 573 K
570 K



672 - 24

6O B0 m e=34
5 50, 10, 1 1
O,-TPD
1 340 K
570 K
780~890 K
SiO,
PR Y P ool PR P Y
373 473 573 673 773
T/K
m/e=3
4 1.0X107% Pa
3 min Ag SiO, 0,-TPD
Fig4 O,-TPD profiles of Ag SiO, exposed to O, under stable MNWM%W
O; pressure of 1.0 % 1073 Pa at different temperatures e N, mle=36 ]
. IR S ISR S SN S IS T S S N U MU S U S S SN S N SO S SR R
for 3 min 373 473 573 673 773 873
1 208K 2 373K 3 473K 4 573K T/K
5 673K 6 773K 7 873K
5 80, %0, 11  Ag SiO, 0,-TPD
720 790 K Fig 5 O,-TPD profiles of Ag SiO, exposed to %0, 0, 1 1

under 1.0 %10 3 Pa at 298 K for 3 min

Ag SiO, 2.3.2 CO
1 21 22 25 570 K 27 28 CO
Op 850~870 K “ " clean off CcO,
Oy
) 208 K Ag SiO, 1x10 *Pa
: X 3 min 110"
PaxX3 min CO CO
O, 6. CO
720 780 K 1 340 K
2.3
18()2 CO
26
2.3.1 B0, 0,
1802 1602 /
160y 180 e O
373 473 573 673 773
T/K
90, m =32 0, m =36 6 0, CO Ag SO, 0,-TPD
160 180 m e=34 . Fig 6 O,-TPD profiles of Ag SiO, exposed to O, and then CO

1802 1602 160 180' under 1.0X 10~ * Pa at 298 K for 3 min



570 670 K
2.4
TPD 460 620
870 K
21 29 30 . Ag SIOZ

<130 L Ag SiO, 340 560 >800

K .
670 K
. 720
780 K
Ag SIOZ
1 340 K CO
2
1200 K
<1x10°7 Ag 111
3 560 K
. 800 K

Ag SiO, 560 800 K

4 800 K

SiO,

1 Bao X Pettinger B Ertl G Schloegl R. Ber Bunsen-Ges
Phys Chem 1993 97 3 322

2 Dai W-L LiuQ CaoY Deng]J-F. Appl Catal A 1998
175 12 83

3 Cao Y Dai W-L Deng J-F. Appl Catal A
2 L27

4 Kuroda Y Onishi H Mori T Yoshikawa Y Kumashiro
R Nagao M Kobayashi H. | Phys Chem B 2002 106

35 8976

5 Barteu M A Madix R J. In King D A Woodruff D P
eds. The Chemical Physics of Solid Surface and Heteroge-
neous Catalysis Vol 4. Amsterdam Elsevier 1982. Chap
4

1997 158 1-

11

12

13

14

16

17

18

19

20

21
22

23

24

25

26
27

28
29

30

673 -
Van Santen R A Kuipers H P C E. Adv Catal 1987
35 265
Backx C de Groot CP M Biloen P. Surf Sci 1981 104
1300
Sexton BA Madix R J. Chem Phys Letr 1980 76 2
294
Eickmans ] Otto A Goldmann A. Surf Sci 1985 149
1 293
Grant RB Lambert R M. SurfSci 1984 146 1 256

Kilty PA Rol NC Sachtler WM H. In Proceedings of
the 5th International Congress on Catalysis 1972. 929

Kondarides D 1 Papatheodorou G N Vayenas C G

Verykios X E. Ber Bunsen-Ges Phys Chem 1993 97
5 709

Millar G] Metson ] B Bowmaker G A Cooney R P. J
Chem Soc  Faraday Trans 1995 91 1 133

Capote A ] Madix R]J. Surf Sci 1989 214 1-2 276
Madix R ] Roberts J T. Surf Sci 1992 273 1-2
121

Twigg G H. Trans Faraday Soc 1946 42 2

Grant R B Lambert R M. J Chem Soc
1983 12 662

Bowker M Barteau M A Madix R J. Surf Sci

92 2.3 528

WuK WangDZh Wei XM Cao Y M Guo X X. J

Catal 1993 140 2 370

WuK Wang DZh Wei XM Cao Y M Guo X X.

284

Chem Commun

1980

Surf Sci 1994 304 3 475
Nagy A Mestl G. Appl Catal A 1999 188 1-2 337
. Bao X H Deng ]
F Dong Sh Zh. Acta Chim Sin = 1986 44 6 619
Deng J

F Zhu X Zh Dong Sh Zh Pang Y W. Acta Chim
Sin 1984 42 12 1133

. Deng J
F Zhang X P Liu D] Dong S Zh. Acta Chim Sin
1991 49 3 209
Bao X H Barth ] V' Lemhpfuhl G Schuster R Uchida
Y Schlogl R Ertl G. Surf Sci 1993 284 1-2 14

Kitson M Lambert R M. Swrf Sci 1981 109 1 60

Albers H van Der Wal W J ] Gijzeman O L T Bootsma

GA. SurfSci 1978 771 1

Engelhardt HA Menzel D. Surf Sci 1976 57 391
Deng J F

Bao X H Guo B L. Acta Phys-Chim Sin =~ 1985 1 1
39

Bao XH Deng ] F. J Catal 1986 99 2 391

Ed LYX



