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A65tract 

7he effect 0f hem treatment at h19h tempe12ture and etch1n9 w1th acet1c ac1d 0n the c0mp051t10n, 0x1dat10n 5tate and ph0t0act1v1ty 0f Rh0~/ 
Cd5 cata1y5t5 wa5 1nve5t19ated. 0ur re5u1t5 1nd1cate that heat treatment at h19h temperature 15 a cruc1a1 5tep 1n the enhancement 0f the 
ph0t0cata1yt1c aet1v1ty 0f Rh0,,1Cd$ cata1y5t5, and they c0nf1rm the 0x1dat10n 0f RhC1.~ 1nt0 Rh203 dur1n9 heat treatment at 773 K 1n a1r (X- 
ray d1ffract10n (XRD) and X-ray ph0t0e1ectr0n 5pectr05c0py (XP$) 065ervat10n5). 0ur re5u1t5 a1501nd1cate the f0rmat10n 0f Cd0, Cd504 
and CdC12 dur1n9 treatment at 773 K and the1r rem0va16y wa5h1n9 w1th acet1c ac1d 501ut10n at pH 4.5.7he ph0t0act1v1ty re5u1t5 revea1 that 
the pretreated cata1y5t exh161t5 a much h19her act1v1ty f0r hydr09en 9enerau0n fr0m H25 dec0mp051t10n and methan01 dehydr09enat10n 0n 
v15161e 119ht 1rrad1at10n. Cd0 5h0w5 n0 ph0t0act1v1ty re9ard1e55 0f the meth0d u5ed t0 prepare the cata1y5t. N0 ev1 denee 0f Cd (0H) 2 0r Rh25.~ 
f0rmat10n wa5 f0und 1n 0ur 1nve5t19at10n. XP5 data 5u99e5t that there 15 a 5tr0n91nteract10n 6etween Rh203 and Cd5 after heat1n9 at 773 K. 
7he p055161e meehan15m 0f enhanced ph0t0cata1yt1c act1v1ty 15 d15eu55ed. 

Keyw0rd5: Perf0rmance; Rh2031Cd5 cata1y5t; 5tructure; 5urface etch1n9 

1. 1ntr0duct10n 

Many d1fferent 5em1c0nduct0r5 have 6een u5ed a5 ph0t0- 
cata1y5t5 f0r 119ht-1nduced e1ectr0n tran5fer react10n5. Cd5 
ha5 attracted a 9reat dea10f attent10n 6ecau5e 0f 1t510w 6and 
9ap (2.4 eV) 5tr0n9 reduc1n9 a6111ty 0f 1t5 c0nduct10n 6and 
( - 0.9 V v5.5aturated ca10me1 e1ectr0de (5CE)) and 5tr0n9 
0x1d121n9 a6111ty 0f 1t5 va1ence 6and h01e ( 1.5 V v5. 5CE) 
[1,2]. N061e meta1 10ad1n9 can pr0m0te 1t5 119ht-1nduced 
e1ectr0n tran5fer react10n5 [ 3-5 ]. Cd510aded w1th Rh203 ha5 
6een 5h0wn t0 pr0duce 0xY9en 0n 111um1nat10n w1th v15161e 
119ht 1n the pre5ence 0f PtC162- a5 e1ectr0n 5caven9er [6a]. 
1t5 act1v1ty wa5 f0und t0 6e 5uper10r t0 that 0f Ru021Cd5 1n 
a1ka11ne c0nd1t10n5 [66,c]. M0re recent1y, Rh2031Cd5 ha5 
a150 6~n  u5ed f0r the 119ht-dr1ven c1eava9e 0f hydr09en 
5u1ph1de and the dehydr09enat10n 0f methan01 [7-11 ]. 

1n the preparat10n 0f h19h1Y act1ve Rh2031Cd5 cata1y5t5, 
heat1n9 1n a1r at 300 *C f0r 5evera1 h0ur5, f0110wed 6y an 
1ncrea5e 1n temperature t0 500 °C f0r 10 m1n, are 1mp0rtant. 
50me w0rker5 have a5cr16ed th15 t0 the c0mp1ete c0nver510n 
0f RhC13 1nt0 Rh203 [6--12]. Etch1n9 w1th 0.2 M acet1c ac1d 
(pH 4.5) 15 a150 very 1mp0rtant, dur1n9 wh1ch any Cd0 
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fract10n wh1ch 15 pre5ent a5 a c0ntam1nant 0r 15 f0rmed dur1n9 
heat1n9 1n a1r at e1evated temperature5 can 6e rem0ved fr0m 
the 5urface 0f the Cd5 part1c1e5. 

A1th0u9h act1ve M1Cd5 ph0t0cata1y5t5 have 6een 
06ta1ned 6y th15 meth0d, the deta11ed mechan15m 15 unkn0wn. 
7he purp05e 0f th15 5tudy 15 t0 pr0v1de deta11ed 1nf0rmat10n 
0n the effect 0f red0x etch1n9 pretreatment 0n the c0ntr01 0f 
the 5urface c0mp0nent and 0n the pr0m0t10n 0f e1ectr0n tran5- 
fer react10n5 0n the cata1y5t 5urface. 7he 5urface 0x1dat10n 
a~ate5 0f Rh and the ph0t0cata1yt1c act1v1t1e5 are c0rre1ated. 
7he p055161e mechan15m 0f h19h temperature treatment 15 
pre5ented. 

2. Exper1menta15ect10n 

2.1. Mater1a15 

Cadm1um 5u1ph1de (6etter than 99.999%) and RhC13.H20 
(ana1yt1ca11y pure 9rade) were purcha5ed fr0m 5han9ha1 
F1r5t Rea9ent P1ant. A110ther chem1ca15 were 0f at 1ea5t ana- 
1yr1ca11y pure 9rade and were u5ed a5 5upp11ed. D0u61e d15- 
t111ed water wa5 u5ed thr0u9h0ut. 
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2.2. Ph0t0cata1y5t preparat10n 3. Re5u1t5 

Meth0d A: Cd5 (2 9) wa5 m1xed th0r0u9h1Y w1th the 
re4u1red am0unt 0f 501ut10n 0f RhC13.H20 (0.5 wt.% 0f 
RhC13); the 51Urry Wa5 dr1ed at 353 K 1n a1r f0r 1 h, and 
5U65e4uent1y heated 1n an 0ven at 573 K 1n a1r f0r 3 h. 

Meth0d 8: the 5ame treatment a5 de5cr16ed 1n meth0d A 
wa5 app11ed, f0110wed 6y a rap1d 1nCrea5e 1n temperature t0 
773 K wh1Ch wa5 ma1nta1ned f0r 10 m1n; after th15, the m1x- 
ture wa5 taken 0ut 0f the 0ven and c001ed t0 r00m tempera- 
ture. 

Meth0d C: Rh0~ 10aded Cd5, 06ta1ned fr0m meth0d 8, 
wa5 5u5pended 1n acet1c ac1d 501ut10n at 333 K (pH 4.5) f0r 
30 m1n, and then wa5hed w1th d15t111ed water and dr1ed. 

Meth0d D: the 5ame treatment a5 de5cr16ed 1n meth0d 8 
wa5 app11ed except that the am0unt 0f Rh 10aded wa5 3 wt.%. 

Meth0d E: the cata1y5t 06ta1ned 6y meth0d C wa5 reduced 
1n a hydr09en atm05phere at 823 K f0r 2 h. 

2.3. Apparatu5 

111um1nat10n exper1ment5 were carr1ed 0ut 1n v15161e 119ht 
w1th a wave1en9th 10n9er than 440 nm. 7he react0r 5y5tem 
wa5 e4u1Pped w1th a 10 cm water jacket and a 440 nm f11ter 
t0 rem0ve 1R and UV r~d1at10n re5pect1ve1y. 7he react0r wa5 
made 0f 4uart2 91a55. 7he ph0t0act1v1ty wa5 determ1ned 6y 
the mea5urement 0f hydr09en pr0duced dur1n91rrad1at10n. 1n 
each run, 25 m9 0f cata1y5t wa5 d15per5ed 1n 25 m1 0f Na25 
0r methan01 501ut10n at r00m temperature. 7he hydr09en 
ev01ved dur1n9 the te5t5 wa5 m0n1t0red 6y 9a5 chr0mat09- 
raphy w1th a 13x c01umn. A 7D detect0r wa5 u5ed w1th ar90n 
a5 catt1er 9a5. 81ank te5t5 were perf0rmed 1n the 5ame c0n- 
d1t10n5. 

2,4, Char~cter12at10n meth0d5 

7he X-ray d1ffract10n (XRD) mea5urement5 were per- 
f0rmed u51n9 a R19aku D1 MAX-R8 X-ray d1ffract0meter. 
7he X-ray ph0t0e1ectr0n 5pectr05c0py (XP5) and Au9er 
e1ectr0n 5pectr05c0py (AE5) data were mea5ured w1th a 
PH1-550 mu1t1fun¢t10na15pectr0meter ¢ P-E C0., U5A) u51n9 
M8 Ka rad1at10n (p0wer, 320 W; ener9y, 1253.6 eV). 7he 
v01ta9e 0f ar90n 10n 5putter1n9 wa5 4 kV, and the 5puttered 
area wa5 5 mm × 5 mm, 7he 61nd1n9 ener9y wa5 ca116rated 
u51n9 the C 15 f1ne 0f the 5amp1e (E~ = 284,6 eV). 7he err0r 
1n the 61nd1n9 ener8y mea5urement wa5 appr0x11nate1y 0.1 
eV. 6a5 de50rpt10n ma55 5pectra (6DM5) were 06t~ned 
u51n9 a 5e1f-a55em61ed 4uadrup01e ma55 5pectr0meter c0n- 
nected t0 a mu1t1fun¢t10na15pectr0meter. 7ran5m15510n e1ec- 
tr0n m1cr05c0py (7EM) and 5cann1n9 e1ectr0n m1cr05c0py 
(5EM) re5u1t5 were 06ta1ned u51n9 a JEM-7 e1ectr0n m1cr0- 
5c0pe (Japan), 7he 5pec1f1c 5urface area data 0f the Rh0J  
Cd5 cata1y5t5 were determ1ned 6y a v01umetr1c 8runauer- 
Emmett-7e11er (8E7) meth0d w1th n1tr09en a5 ad50r6ent. 

3.1. Character12at10n 0f Rh203/Cd5 ph0t0cata1y5t5 

C0mmerc1a1 cadm1um 5u1ph1de p0wder c0nta1n5 a certa1n 
am0unt 0f cadm1um 0x1de [ 12]. Cd0 15 f0rmed 6y the 510w 
0x1dat10n 0f Cd5 1n a1r. H19h temperature treatment 1n a1r 
pr0m0te5 th15 0x1dat10n pr0ce55. N0 remarka61e c010ur 
chan9e 0ccur5 after 3 h therma1 treatment at 573 K 1n a1r. 
H0wever, 5u65e4uent heat1n9 at 773 K y1e1d5 a dark ye110w 
pr0duct. After etch1n9, the c010ur 0f the cata1y5t 15 ye110w- 
9reen. A5 5h0wn 6y 0ur XRD re5u1t51n F19, 1, the am0unt 0f 
Cd0 1ncrea5e5 519n1f1cant1y after 10 m1n a1r treatment at 773 
K, 6ut n0t 1n the 5amp1e heated at 573 K f0r 3 h, 7he fract10n 
0f Cd504 (a5 3Cd50+.3H~0 and Cd504.H20) 15 a150 h19h 
after heat1n9 at 773 K. Wa5h1n9 the5e p0wder5 w1th acet1c 
ac1d (pH 4.5) a110w5 the d15501ut10n 0f Cd0 and Cd50+ 
w1th0ut 1nduc1n9 519n1f1cant d15501ut10n 0f Cd5 1t5e1f. Fr0m 
the re5u1t5 0fRef5. [ 11 ] and [ 12 ], the5e 065ervat10n51nd1cate 
that Cd0 and Cd504 are a1m05t exc1u51ve1y pre5ent 0n the 
5urface 0f the Cd5 m1cr0cry5ta15. N0 ev1dence 0f Cd(0H)~ 
f0rmat10n 15 065erved fr0m 0ur XRD data (u5ua11y, water 1n 
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F19, 1, XRD 5pectra 0f Rh0.,/Cd5 ca1a1y5t5: (a) cata1y5t A; (6) cata1y5t 8; 
(c) cata1y5t C. 
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a1r 15 ea511y ad50r6ed 6y Cd504 and f0rm5 Cd504.xH20). 1t 
5h0u1d 6e n0ted that Cd (0H)2 can 0n1y 6e f0rmed when Cd0 
15 m1xed w1th K0H 0r Na0H [ 13] 0r 1n an a4ue0u5 d15per- 
510n at pH 10 [ 14]. N0 ev1dence 0f CdC03 f0rmat10n 15 
065erved after treatment 0f cata1y5t 8 (6eL.au5e CdC03 w111 
dec0mp05e 1nt0 Cd0 and C02 at 573 K). Due t0 the 5ma11 
am0unt 0f RhC13 (appr0x1mate1y 0.5 wt.%), the XRD 5pectra 
5h0w n0 519na1 f0r CdC12 f0rmat10n. H0wever, when the 
am0unt 0f RhC13 15 1ncrea5ed t0 20 wt.%, a c1ear 519na1 0f 
CdC12 15 065erved. 

Heat1n9 at 573 0r 773 K d0e5 n0t re5u1t 1n a 519n1f1cant 
chan9e 1n the 5pec1f1c 5urface area 0f the cata1y5t (4.24 and 
3.70 m 2 9-J re5peet1ve1y); h0wever, acet1c ac1d etch1n9 
re5u1t5 1n a 5harp decrea5e 1n the 5pec1f1c 5urface area (0.77 
m 2 9-~). 0ne p055161e rea50n f0r th15 15 the e11m1nat10n 0f 
the r0u9h 5urface fracd0n5 0fCd0 and Cd504. 1t 15 065erved 
6y 5EM that the ed9e 5harpne55 0f the Cd5 m1cr0cry5ta15 
1ncrea5e5 after acet1c ac1d etch1n9. 7he part1c1e 512e 0f th15 
cata1y5t 15 ar0und 1/.~m and the Rh0, part1c1e 512e 0n the Cd5 
5urface 15 a60ut 3-5 nm (7EM re5u1t5). N0 519n1f1cant par- 
t1e1e accumu1at10n 0f Rh0,~ 15 065erved dur1n9 the5e treat- 
ment5 1nd1cat1n9 that Rh203 15 h19h1y d15per5ed 0n the Cd5 
5urface. 

1n 0rder t0 1nve5t19ate the 0x1dat10n 5tate 0f the 5urface 
c0mp0nent5, the X-ray ph0t0e1ectr0n 5pectra 0f the three 
d1fferent cata1y5t5 A, 8 and C were mea5ured. 7he re5u1t5 are 
91ven 1n F19.2.7w0 peak5 0f 5 2p are 065erved f0r cata1y5t 
A heated at 573 K f0r 3 h. 7he d1fferent 5tren9th5 0f the tw0 
peak51nd1cate that 0ne k1nd 0f 5 5pec1e5 d0m1nate5 the 0ther 
0n the 5urface 0f cata1y5t A. H0wever, f0r cata1y5t 8, heated 
at 773 K f0r 10 m1n, the 5tren9th5 0f the tw0 5 519na15 are 
a1m0~t the 5ame. 7h15 1nd1cate5 that the am0unt5 0f the tw0 
5 5pee1e5 0n the 5urface 0f cata1y5t 8 are r0u9h1y the 5ame. 
After etch1n9 w1th acet1c ac1d, 0n1y 0ne 5 2p peak rema1n5. 
7he 519na1 at the h19h ener9y end repre5ent5 the 5042- 5pe- 
c1e5; theref0re the re5u1t5 91ven a60ve 1nd1cate 5042- f0r- 
mat10n dur1n9 h19h temperature heat treatment 1n a1r. 7h15 
pr0ce5515 rather 510w at 573 K 6ut fa5t at 773 K (0r near 773 
K). N0 ev1dence 0f 5042- 5pec1e51n cata1y5t C 1nd1cate5 that 
th15 0x1dat10n pr0ce55 0n1y 0ccur5 0n the Cd5 5urface, and 
n0t 1n the deep 1att1ce pha5e (c0re 5tructure), 6ecau5e 0xy9en 
d1ffu510n 1n the5e c0nd1t10n5 15 510w. 

A very 519n1f1cant 5e9re9at10n 0f ch10r1ne 5pec1e5 15 
065erved 1n the h19h temperature heat treated 5amp1e. 51nce 
the am0unt 0f RhC13 15 10w (appr0x1mate1y 0.5 wt.%), and 
n0 XRD 519na1 f0r the CdC12 pha5e 15 065erved, the eh10r1ne 
519na1 revea15 that the ch10r1ne 5pec1e5 are f0rmed ma1n1y 0n 
the cata1y5t 5uffaee and can 6e rem0ved ea511y 6y acet1c ac1d 
etch1n9. 

7here 15 n0 dear 519na1 0f Rh 3d 1n cata1y5t 8, 6ut 5tr0n9 
519na15 1n cata1y5t5 A and C. 0n1y after etch1n9 w1th acet1c 
ac1d can dear Rh 3d 5pectra 6e 06ta1ned. 7h15 1nd1cate5 that 
the Rh0~ 5pec1e5 are f0rmed near the 1nner Cd5 5urface. F19. 
3 5h0w5 the X-ray ph0t0e1ectr0n 5peetra a5 a funct10n 0f the 
5putter1n9 t1me w1th an ar90n 6eam f0r cata1y5t D; "; wt.% 0f 
RhC13 wa5 10aded 0n th15 5amp1e 1n 0rder t0 06ta1n c1ear 
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F19. 2. X-Ray ph0t0e1ectr0n 5pectra 0f Rh0JCd5 cata1y5t5: (a) cata1y5t A; 
(6) cata1y5t 8; (c) cata1y5t C. 

5pectra 0f Rh 3d. 8ef0re 5putter1n9, the cata1y5t wa5 heated 
at 573 K f0r 3 h and then at 773 K f0r 10 m1n. 7he 5putter1n9 
area wa5 5 mm× 5 mm and the 5putter1n9 v01ta9e wa5 4 kV. 
1n1t1a11y, the C 15 and C1 2p 519na15tren9th5 decrea5e c0nt1n- 
u0u51y a5 a funct10n 0f the 5putter1n9 t1me. After 90 m1n 
5putter1n9, n0 c1ear C 15 and C1 2p 519na15 are 065erved, 
wherea5 the 519na15 0f 5 25, 5 2p, Cd 45 and Cd 4d have 
1ncrea5ed. 1n add1t10n, 0n1y 0ne peak 0f 5 25 rema1n5 after 
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F19, 3, X-Ray ph0t0e1ectr0n 5pectra 0f cata1y5t D at d1fferent 5putter1n9 
t1me5, 5putter1n9 c0nd1t10n5:5 mm× 5 mm, 4 kV. ar90n 6eam, 3 wt,% 
Rh~0~. 

5putter1n9, wh1ch mean5 that the ad50r6ed C, 0uter-5urface 
ch10r1ne and 5 ~ + 5pec1e5 have 6een 5puttered away. 

51nce the 0uter-5urface fract10n w111 pr0v1de a 1ar9e atten~ 
uat10n 0f the XP5 519na15,1f 5evera1 d1fferent cadm1um c0m- 
p0nent5 are d15tr16uted 5eparate1y a5 a funct10n 0f depth, the 
X-ray ph0t0¢1¢ctr0n 5pectra w111 ma1n1y repre5ent the 0uter 
cat10n5. 7he 518na15 0f the 6ur1ed cat10n5 w1U 6e attenuated 
re1at1v¢ t0 the 518na15 0f the cat10n5 0n the 5,,rface. Further- 
m0re, f0r 50me dement5, 5uch a5 Cd, the 61nd1n9 ener9y 5h1ft 
15 very 5ma11 and 1n5uff1c1ent t0 determ1ne the chem1ca1 ~51t° 
uat10n. 1n th15 ca5e, the Au9er chem1ca1 5h1ft 0f Cd exceed5 
the ph0t0e1ectr0n chem1ca1 5h1ft 6y appr0x1mate1y 4,9 eV 
[ 151, 7her¢f0r¢ we can 06ta1n the exact chem1ca1 51tuat10n 
0f Cd 6y c0mp~n9 the 61nd1n9 ener9y and Au9er 11ne. 7he 
p051t10n 0f the Au9er k1net1c ener9y can 6e 06ta1ned 6y 5u6- 
traet1n9 the Au9er 11ne fr0m the ph0t0ener9y (M9 Kce. 1253.6 
eV). 

7a61e 1 c0mpare5 the 519na15 065erved f0r XP5 and Au9er 
e1ectr0n5 em1tted 6y X-ray-exc1ted Cd cat10n51n the d1fferent 
cata1y5t5, F0r cata1y5t5 A and C (treated at 573 K and 773 K 
after etch1n9), n0 pr0n0unced 61nd1n9 ener9y d1fference 15 
065erved, H0wever, the 61nd1n9 ener9y 0fCd 3d5~21n cata1y5t 
8 heated at 773 K 1n a1r w1th0ut etch1n9 15 5h1fted t0 the 
h19her ener8y end 6y a60ut 0.5 eV, 1.e, 405.7 eV. 7h15 15 
appmx1mate1y the 5ame a5 the Cd 3d5~,, f1ne 0f CdC1~, (405.9 
eV), 7h15 1nd1eate~; that cadm1um 0n the 0uter 5urface 0f 
cata1y5t 8 151n ~ 0x1dat1ve env1r0nment, Fr0m a c0mpar150n 
6etween the data 1n Re1", [ 16] and 0ur exper1ment5, the ma1n 
c0mp0nent 0n the 5urface 0f cata1y5t5 A and C 15 Cd5. 

A1th0u9h the M4N45N45 11ne 0f cata1y5t 8 15 51m11ar t0 that 
0f Cd(0H)2, the 61nd1n9 ener9y and 0~+hv data are very 
d1fferent. Fr0m 0ur re5u1t5, the m05t pr06a61e exp1anat10n 15 
that CdC1: and Cd504 are f0rmed 0n the Cd5 cata1y5t 5urface 
at h19h temperature 1n a1r. 7h15 hyp0the515 a9ree5 we11 w1th 
the XRD re5u1t5. 0n1y at pH > 8 d0e5 519n1f1cant hydr01y515 
0f Cd 2+ 0ccur [14]. Fr0m e1ectr0ph0ret1c m06111ty curve5, 
Haye5 et a1. [ 14] f0und that the Cd5 5urface wa5 c0ated 6y 
C d ( 0 H ) 2  at pH va1ue5 9reater than 10 and the 150e1ectr1c 
p01nt 0fCd(0H)215 at pH 10.5.1n add1t10n, fr0m the re5u1t5 
f0r cata1y5t D and 5putter1n9 exper1ment5, Cd504 15 pre5ent 
nearer t0 the 5urface than Cd0. When Cd50415 5puttered 0ff, 
the 519na15 0f Cd0 appear. 1t 15 p055161e that the 0uterm05t 
fract10n 15 CdC12, f0110wed 6y Cd504 0r Cd0, and then Rh203 
and Cd5.7he hydr09en reduct10n c0nd1t10n5 pr0m0te CdC12 
f0rmat10n 6y pa551n9 thr0u9h the ch10r1de 10n5 rema1n1n9 
after etch1n9. 7h15 15 under5tanda61e 6ecau5e Cd5 15 ea511y 
reduced under an H.~ atm05phere t0 y1e1d H25 and CdC12. 

7he 5 2p 61nd1n9 ener9y data 0f the d1fferent cata1y5t5 are 
5h0wn 1n F19. 4. 7he 61nd1n9 ener9y f0r 52- and 5 ~+ are 
161.8 and 168.8-169.0 eV re5pect1ve1y 1n the5e cata1y5t5. A5 
expected, the 5 ¢~ ~ 519na115 065erved 1n cata1y5t A. 7h15 1nd1- 
cate5 the part1a1 0x1dat10n 0f Cd5 at 300 *C. H0wever, the 
ma1n fract10n 0f th15 cata1y5t 5urface c0mp0nent 15 Cd5 
(5: - ). 1n c0ntra5t, after heat treatment f0r a 5h0rt t1me at 773 
K 1n a1r, the 5 ~ + 519na1 1ncrea5e5 5harp1y 1n cata1y5t 8. "10ta1 
0x1dat1~a 0f the 0uter 5urface 0f the cata1y5t 15 n0t 065erved 
a5 there 15 5t111 a 5tr0a8 519na1 0f 5 "~-. After wa5h1n9 w1th 
acet1c ac1d at pH 4.5, the 56 ~ 519na1 d15appear51n cata1y5t C, 
1nd1cat1n9 the rem0va10f the 5 ~ + fract10n (50,; 2- ). 5putter- 
1n9 exper1ment5 under u1trah19h vacuum (UHV) c0nd1t10n5 
a150 revea1 that 5 ~ + can 6e 5puttered 0ffea511y. 7he5e re5u1t5 
a150 5u99e5t that the 5 ~ t fract10n 0n1y ex15t5 0n the cata1y5t 
0uter 5urface. 

7a61e 1 
065erved XP5 and Au9er 519na15 f0r Rh0,1Cd5 prepared 6y d1fferent n~th- 
0d5 

5amp1e Cd 3 d ~  M4N45N45 a + hp 
(eV) (eV) (eV) 

Cd5 [ 16 ] 405,1 381.4 786.5 
Cd5 * 405,3 380.5 785.8 
Cd5 6 405,1 380,6 785.7 
Cd5 ~ 404,9 380.9 785.8 
Cd0 [ 16] 404,4 382.5 786.5 
Cd(0H).~ [ 16] 404,9 380.2 785.1 
CdC1~ 405,9 379.9 785.8 
Cd e0 ,  405.1 379.3 784.4 
Cata1y5t A 405.2 381.4 786.6 
Cata1y5t 8 405.7 380.2 785.9 
Cata1y5t C 405.2 381.4 786.6 
Cata1y5t D 405,3 380.0 785.3 
Cata1y5t 1~ 405,8 380.1 785.9 
Cata1y5t D a 404.2 382.4 7U6.6 

° 8are Cd51n UHV cham6er at r00m temperature. 
~ 8are Cd51n UHV cham6er at 573 K. 
c 8are Cd5 m UHV cham6er at 873 K. 
0 Cata1y5t D after 5putter1n9 at 4 kV (5 mm× 5 mm f0r 60 m1n). 
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F19. 4, 5 2p 5pectra 0f d1f16mn1 cata1y5t5: (a) cata1y5t A; ( 6 ) cata1y5t 8; (c) 
cata1y5t C, 

7a61e 2 
0 15 61nd1n9 ener9y data 0f d1fferent cata1y5t5 and reference5 

5amp1e 0 15 P055161e 0xY9en 5pec1e5 
(eV) 

Cd5 532.1 H20 weak1y ad50r6ed 
Cd5 531.8 H.,0 t19ht1y ad50r6ed 
Cd5 531.4 -0H hydt 0xy1 
RhCh 0n Au f011" 532.1 H20 weak1y ad50r6ed 
RhC13 0n Au f0111, 531.4 -0H hydr0xy1 
RhCh 0n Au f011" 529.8 Latt1ce 0 1n Rh0, 
RhCh 0n Au f011 d 529.7 Latt1ce 0 1n Rh20.~ 
RhCh 0n Au f011 ~ 531.8 H20 f19ht1y ad50r6ed 
Cata1y5t A 531.5 -0H hydr0xy1 
Cata1y5t 8 531.8 FL~0 t19ht1y ad50r6ed 
Cata1y5t C 531.5 -0H 11ydr0xy1 
Cata1y5t D 531.7 H20 t19ht1y ad50r6ed 
Cata1y5t D f 528.5 Latt1ce 0 1n Cd0 

531.0 Latt1ce 0 1n Rh0, 

a RhC13 0n Au f011 at r00m temperature. 
6 RhCh 0n Au f011 after 3 h ca1c1nat10n at 573 K 1n a1r. 

RhCh 0n Au f011 after 3 h ca1c1nat10n at 773 K 1n a1r. 
d RhCh 0n Au f011 after 3 h ca1c1,mt10n at 1073 K 1n a1r. 
•• RhCh 0n Au f011 after 3 h ca1c~aa110n at 1073 K 1n a1r, then H2 reduct10n 
at 823 K f0r 1 h. 
c Cata1y5t D after 5putter1n9 at 4 kV (5 mm× 5 mm f0r 60 m1n). 

1nve5t19at10n5 0fthe 0 15 61nd1n9 ener9y are very C0mp1ex. 
7he 0 15 61nd1n9 ener9y 15 dependent 0n the chem1ca1 51tu- 
at10n 0f the 0xy9en at0m5, the mater1a15 U5ed and the appa- 
ratu5.7hu51t 15 n0t adv15a61e t0 draw c0nc1u510n5 fr0m X-ray 
ph0t0e1ectr0n 5pectra 0n1y w1th0ut 0ther meth0d5 ~,~ refer- 
ence. 5evera1 k1nd5 0f 0xY9en 5pec1e5 ex15t 0n the ~,ata1y5t 
5urfaee: 0 fr0m 5 0 ,  2- ,  Cd0,  H20 1n the 1att1ce 0f 
Cd504• xH20, ad50r6ed 02, C02, H20, etc. 1n 0rder t0 5tudy 
th15 pr061em, h19h1Y pure Cd5 w1th n0 Rh wa5 ch05en t0 5et 
up the 0 1511ne reference 0n the Cd5 5urface. 80th XP5 and 

6 D M 5  were u5ed t01dent1fy the 5urface 0 c0mp0nent5. H20 
de50rpt10n exh161t5 three ma1n 5tate5 0f ad50r6ed H20. 7he 
H20 de50rpt10n 519na1 appear5 at r00m tempetature and 
reache5 the f1r5t max1mum at 573 K and the 5ec0nd at 773 K. 
7he 519na1 at r00m temperature repre5ent5 weak1y ad50r6ed 
water, wh1ch 15 51mp1y hydr09en 60nded t0 5urface 5 at0m5; 
the peak at 573 K repre5ent5 t19ht1y ad50r6ed water, wh1ch 15 
n0n- d1550c1at1ve w1th the 0xy9en at0m c00rd1nated t0 a 5ur- 
face meta1 at0m; the peak at 773 K repre5ent5 the m05t t19ht1y 
60und water wh1ch 15 d1550c1at1ve1y ad50r6ed a5 hydr0xy1. 
C0n5e4uent1y, 1n c0n51der1n9 the 0 15 61nd1n9 ener91e5115ted 
1n 7a61e 2, we can deduce that the 0 15 11ne f0r weak1y 
ad50r6ed water 15 532.1 eV, the 0 1511ne f0r t19ht1y ad50r6ed 
water 15 531.8 eV and the 0 15 11ne 10r the m05t t19ht1y 
ad50r6ed water (a5 hydr0xy1) 15 531.4 eV. 

An0ther 1mp0rtant 0 15 reference 11ne 15 0 15 0f Rh0, .  1n 
0rder t0 06ta1n the5e data, RhC13 wa510aded 0nt0 Au f011 and 
then ca1c1ned 1n a1r at d1fferent temperature5 fr0m 273 t0 
1073 K. A5 5h0wn 1n 7a61e5 2 and 3, Rh 3d5/: 0f the 5amp1e 
ca1c1ned at 1073 K 15 308.0 eV, wh1ch 15 1dent1ca1 t0 that 0f 
Rh 3d~/~. 1n Rh:0:~. 7he c0rre5p0nd1n9 0 1511ne 15 e4u1va1ent 
t0 529.7 eV. 7heref0re the ma1n 0 5pec1e5 0n the 5urface 0f 
cata1y5t5 A and C 15 d1550c1at1ve1y ad50r6ed hydr0xy1, wh11e 
the ma1n 0 5pec1e5 0n the 5urface 0f cata1y5t5 8 and D 15 
t19ht1y ad50r6ed water. Fr0m the XRD re5u1t5, th15 may 6e 
the 1att1ce water 1n CdC12.xH20 0r Cd50: .xH20.  

1n 0rder t0 determ1ne the 0 5pec1e5 d15tr16ut10n w1th depth 
1n cata1y5t D, ar90n 10n 6eant 5putter1n9 wa5 u5ed t0 pee1 the 
5he11 0f Cd504 and CdC12 unt11 thc Cd 519na1 0f C d 0  wa5 
065erved. 7he 0 1511ne5 0 f 0  1n C d 0  and Rh203 are at 528.5 
and 531.0 eV re5pect1ve1y (5ee 7a61e 2). 7heref0re the c0m- 
p0nent d15tr16ut10n w1th depth 1n cata1y5t5 8 and D can 6e 

de5cr16ed a5 5h0wn 1n F19.5. 
1n the 1nve5t19at10n 0f Rh20.~/5r710.~ 6y Lehn et a1. [ 17], 

the 61nd1n9 ener9y 0f Rh 3d.5/2 1n the cata1y5t 06ta1ned 6y 

7a61e 3 
81nd1n9 ener91e5 0f d1fferent cata1y5t5 and reference5 

5amp1e Rh 3d.5/2 P055161e Rh 
(eV) 5pec1e5 

RhC13 0n Au f011 a 309.8 Rh 1n RhC1~ 
RhCh 0,, Au f011 t, 309.3 Rh 1n Rh0,C1 
RhC1~ 0n Au f011 c 308. Rh 1n Rh0~C1 
RhC1:~ 0n Au f011 ~j 308.0 Rh 1n Rh20~ 
RhC1~ 0n Au f011 ~ 307.4 Rh m¢1a1 
Cata1y5t A 309.1 Rh 1n Rh0,C1 
Cata1y5t 8 307.6 Rh 1n Rh20~ 
Cata1y5t C 307.2 Rh 1n Rh20~ 
Cata1y5t D 306.6 Rh 1n Rh20~ 
Cata1y5t E 307.0 Rh meta1 
Cata65t D f 306.6 Rh 1n Rh20~ 

0 RhC10n Au f011 at r00m temperature. 
6 RhCh 0n Au f011 after 3 h ca1c1nat10n at 573 K 1n a1r. 

RhCh 0n Au f011 after 3 h ca1c1na110n at 773 K 1n a1r, 
a RhC1.~ 0n Au f011 after 3 h ca1c1nat10n at 1073 K 1n a1r. 

RhC1~ 0n Au f011 after 3 h ca1c1nat10n at 1073 K 1n a1r, 1hen H~ reduct10n 
at 823 K f0r 1 h. 
f Cata1y5t D after 5putter1n9 at 4 kV (5 mm× 5 mm f0r 60 m1n). 
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F19.5. P055161e 5tructure 0f cata1y5t5 8 and D. 
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81nd1n9 EnerRy(ev) 

P19, 6, 81nd1n9 ener9y 0f Rh 3d5~ 0f d1fferent cat~1y5t5: (A) c0,~1y5t A; 
(8) C~t~11y5t 8; (C) C~1dy5t C~ (D) Cat~1~t 0; (8) c~taJy5t D 0fter 90 m1n 
~utter1n8 at 4 kV, $ mm×$ mm w1th ~ n  ~,,~m; (F) cata1y5t C a1~er 
reduct10.1n H= at 823 K f0r 2 h. 

7 ~ 4  
RE M:5~,:, ~ 3d, 5 2p ~ C12p d ~  0f d1fferent c~1~1y.515 and reference5 

; n 

Cd3d 52p 
(eV) (eV) 

heat1n9 at 773 K wa5 near1y 309.3 eV. H0wever, 1n the w0rk 
6y L1 et a1. [ 10], the 61nd1n9 ener9y 0f Rh 3d5], 1n Rh,031 
7102 cata1y5t heated at 773 K wa5 ar0und 308.2 eV. 7he5e 
re5u1t51nd1cate that the nature 0f 10aded Rh203 0n d1fferent 
5em1c0nduct0r5 15 4u1te d1fferent. 1n the pre5ent w0rk, the 
61nd1n9 ener9y 0f Rh 3d5], 0f Rh~0~/Cd5 treated at 773 K 
f0r 10 m1n 15 307.2 eV (5ee F19. 6), wh11e that 0f Rh0x/Cd5 
treated at 573 K f0r 3 h 15 309.1 eV. 1n c0mpar150n w1~h the 
data 1n Ref. [ 14], Rh 3d5/2 0fthe 5amp1e heated at 773 K 15 
5h1fted t0 10wer ener9y 6y near1y 1 eV. 1n an0ther 5eparate 
exper1ment, RhC13 wa510aded 0nt0 Au f011.7reatment5 51m- 
11ar t0 the cata1y5t preparat10n pr0ce55e5 91ven a60ve were 
u5ed and Rh 3d5/~ 61nd1n9 ener91e5 were 06ta1ned. 7he re5u1t5 
are 115ted 1n 7a61e 3 (Au 4f and C 1511ne5 u5ed a5 reference5). 
C1ear1y, the ~1nd1n9 ener9y 0f Rh 3d5~, 0f RhC1315 309.8 eV, 
wh11e that 0f Rh20+~ 15 308.0 eV. 7he data at 309.3 and 308.6 
eV 0n1y repre5ent part1a11y 0x1d12ed RhC13. 7he 61nd1n9 
ener9y 0f meta111c Rh 15 307.4 eV. 7here arc tw0 p05516111t1e5 
f0r the 10w Rh 3d5~ data 1n cata1~.~t5 C and D. Dur1n9 h19h 
temperatm~e treatment, 5evera1 p055161e react10n5 can 0ccur 
1n a1r a5 5h0wn 6e10w 

2RhC13~ 3H~0 ~ Rh20,,(0H).~ +.. + 6HC1 ( 1 ) 

Rh20.(0H).~ •. ~ Rh~0~ + 312H20 (2) 

2RhC1~ + 3Cd5 ~ Rh~53 + 3CdC13 (3) 

Rh~53 + 02 ~ Rh + 50. (4) 

2HC1 + Cd5 + 0 :  - - ~  CdC1~ + H~0 + 1/2502 (5) 

Cd5 + 3/202 - - ~  Cd50~ ~ Cd0 + 502 (6) 

Cd50~ + 1120., ~ Cd504 (7) 

7he Rh 3d51.~, Cd 3d.~,2 ~nd 5 2p 61nd1n9 ener9y data 0f 
the d1fferent cata1y5t5 are 115ted 1n 7a61e 4. F0r the appr0x1- 
mate1y pure 5urface 0f Cd5 (6are Cd5 de50r6ed 1n a UHV 
cham6er at a temperature h19her than 573 K), the Cd 3d5/2 
61nd1n9 ener9y 15 1n the ran9e 404.9-405 1 eV and that 0f 5 
2p 15 1n the ran9e 161.1-161.2 eV. 7he Cd 3d5/2 and 5 2p 
61nd1n9 ener91e5 0f 1mPre9nated RhC131Cd5 and hydr09en 
reduced cata1y5t E 11e w1th1n the5e ran9e5, and the c0rre5p0nd- 

C12p Rh 3d51~ Rh1C1 
(eV) (eV) 

Cd$ ~ 405.2 161.3 
Cd5 ~ 405.1 161,2 
C ~  ¢ 404.9 161,1 
RhC1~/Cd5 ~)4,9 161.0 
~t1y5t  A 4+05,2 161,7 
Cat11}~ 8 404,5 161,6 
Ca~1y5t C 405,3 161,8 

E 405.1 161.3 
(:~10~ 405.9 198.5 

197,9 309.9 1:3.12 
198,9 309.1 1:2.1 
198,8 307.2 1:1.16 
198,0 307,2 2.6:1 
198,3 306.6 1:2.7 

~ 8we C ~  1n UHV ~ u r00m ~ u r e .  
~ ~ ( ~  1a U14V ~ at 573 K. 

8 ~ ( ~  1n U1,1V cham6er at 873 K, 
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7a61e 5 
Effect 0f pretreatment 0n the act1v1ty 0f Rh0JCd5 cata1y5t5 

5amp1e Rate 0f hydr09en ev01ut10n 
(10-4 m1 h -1 (m9 cat) -1 ) 

1n 0.1 M Na25 
(pH 12) 

1n 70% methan01-water 
(pH 12) 

Cata1y5t A 0.35 0.95 
Cata1y5t 8 0.90 0,40 
Cata1y5t C 3,35 2.75 

1n9 Rh 3d5/2 data are 1n 11ne w1th that 0f RhC13 and meta111c 
Rh. H0wever, after h19h temperature heat treatment a60ve 
573 K, the Cd 3d5/2 and 5 2p 61nd1n9 ener91e5 are 5h1fted t0 
10wer ener91e5 (5ee 7a61e 4), e5pec1a11y 1•0r the 5amp1e5 
treated at 773 K. 7he5e re5u1t5 may 1nd1cate the 5tr0n9 1nter- 
act10n 0f Rh203 and Cd5 1n the Rh20~1Cd5 cata1y5t treated 
at 773 K. 

7he 6DM5 re5u1t5 5upp0rt th15 hyp0the515 and pr0v1de 
ev1dence f0r the determ1nat10n 0f the 5urface react10n5 0ccur- 
r1n9 dur1n9 h19h temperature treatment. We u5ed 20 wt.% 
RhC131Cd5 a5 a m0de1 5amp1e. After treatment at 573 K 1•0r 
3 h, th15 5amp1e wa5 ana1y5ed 6y 6DM5.7he  6DM5 re5u1t5 
are a5 f0110w5: (1) 6etween r00m temperature and 5•;3 K, 
5tr0n9 de50rpt10n 519na15 0f water and 1-1C1 are 065erved; 
h0wever, the 519na15 0f 0xy9en and car60n d10x1de de50rpt10n 
are 10w: (2) 6etween 573 and 873 K, the 519na15 0f 502, HC1, 
02 and C02 de50rpt10n 1ncrea5e w1th 1nerea51n9 temperature, 
and the 519na15 0f 502, 02 and C02 reach a max1mum at 773 
K. 7he5e re5u1t51nd1cate that the 0x1dat10n 0f 5 at0m5 0ccur5 
51mu1tane0u51y w1th HC1 f0rmat10n. After the 6DM5 exper- 
1ment5, the at0m1c c0ncentrat10n 0f C1 ha5 decrea5ed fr0m 
13.9% t0 4.4%, wh11e the at0m1c c0ncentrat10n5 0f 5, 0 and 
Rh have 1ncrea5ed fr0m 11.5%, 24.6% and 3.1% t0 18.3%, 
29.3% and 5.6% re5pect1ve1y; th15 can 6e attr16uted t0 the 
f0rmat10n and de50rpt10n 0f HC1, the 0x1dat10n 0f 5 and the 
f0rmat10n 0f Rh203 and 502. 

15 there any p05516111ty 0f Rh meta1 f0rmat10n pa551n9 
thr0u9h the 5u1ph1de c0mp0und• 1n 0rder t0 check f0r th15 
p05516111ty, we prepared a m0de1 5amp1e c0nta1n1n9 20 wt.% 
RhC13 1n 1 9 0f h19h1Y pure Cd5. After treatment at 573 K 
f0r 3 h and at 773 K f0r 10 m1n, the c010ur 0f th15 m1xture 
chan9ed fr0m ye110w t0 dark 9reen. 7h15 pr0duct wa5 5ent 
f0r XRD ana1y515. 7he re5u1t5 revea1 that Rh20.~ 15 pre5ent 1n 
th15 5amp1e. N0 ev1dence 0f metaU1c Rh 0r Rh253 f0rmat10n 
15 065erved 1n the XRD 5pectra 0f the 5amp1e5 heated at 573 
and 773 K. 7heref0re the 10w 61nd1n9 ener9y 0f Rh 3d5/2 1n 
cata1y5t5 8 and C d0e5 n0t repre5ent Rh meta1 f0rmat10n 0n 
the Cd5 5urface after h19h temperature treatment, 1.e. reac- 
t10n5 (3) and (4) d0 n0t 0ceur dur1n9 0ur cata1y5t preparat10n 
pr0ce55. 

3.2. Ph0t0cata1yt1c act1v1ty 0f  d1fferent cata1y5t5 

7a61e 5 5h0w5 the rate 0f hydr09en ev01ut10n 0n 111um1- 
nat10n 0f Rh0x1Cd5 cata1y5t d15per510n5 w1th v15161e 119ht. 

W1th 52- a5 h01e 5caven9er, hydr09en 15 f0rmed acc0rd1n9 
t0 

Cath0de: 2H20 + 2e- ~ H2 + 20H - 

An0de: 252- + 2h + ~ 522- 

where e-  and h + are pr0duced 1n the c0nduct10n 6and and 
va1ence 6and re5pect1ve1y 0n v15161e 119ht 1rrad1at10n. 7he 
v01ume 0f hydr09en ev01ved 15 a 11near funct10n 0f the 111u- 
m1nat10n t1me dur1n9 0ur te5t. 1n 0.1 M Na25 (pH 12), the 
act1v1ty 0f cata1y5t C 15 h19he5t. 7he act1v1ty 0f cata1y5t 8 15 
h19her than that 0f the unpretreated cata1y5t. 7he hydr09en 
f0rmat10n rate5 0f 1rrad1ated Rh0,,1Cd5 cata1y5t d15per510n5 
1n methan01-water (70% methan01, pH 12) are 51m11ar, 6ut 
w1th a rever5e 0rder f0r cata1y5t5 A and 8. H0wever, cata1y5t 
C 5h0w5 the h19he5t ph0t0act1v1ty. 7h151nd1cate5 that Rh203 
10ad1n9 0n Cd5 pr0m0te5 the red0x react10n 519n1f1cant1y, 1.e. 
hydr09en ev01ut10n. Cd0 a650r65119ht up t0 560 nm and act5 
a5 an 0pt1ca1 111ter 0f a650r6ed and em1tted 119ht [ 12]. 0ur  
re5u115 revea1 that the cata1yt1c act1v1ty deerea5e51n the pre5- 
ence 0f Cd0. Pure Cd0 and Cd0 06ta1ned fr0m Cd(N03)2 
exh161t n0 ph0t0act1v1ty f0r hydr09en pr0duct10n. 7hu5 f0r 
the preparat10n 0f a 900d M/Cd5 cata1y5t, Cd0 mu5t 6e 
e11m1nated. 

4. D15cu5510n 

7w0 k1nd5 0f Cd5 5tructura1 type ex15t, 1.e. cu61c and hex- 
a90na1 c105e-packed arran9ement 0f the an10n5.1n 60th 5truc- 
tura1 type5, tetrahedra1 7 • (0r 7 - )  51te5 are 0ccup1ed and 
0ctahedra151te5 are empty. 7he 1nterat0m1c d15tance 1n cu61c 
0r hexa90na1Cd5 can 6e ca1cu1ated fr0m the un1t ce11 d1men- 
510n5 [ 18 ], and the5e data are 115ted 1n 7a61e 6 .6DM5 exper- 
1ment5 revea1 that t19ht1y 60nded hydr0xy1 de50r65 at 773 K, 
wh11e 5tr0n91Y ad50r6ed water de50r65 at 573 K. H0wever, 
f0r RhC13/Cd5, the water de50rpt10n 519na15 are c0nt1nu0u51y 
h19h 6etween r00m temperature and 773 K. 1n add1t10n, HC1 
15 the ma1n de50rpt10n pr0duct. 7h15 1nd1cate5 that Rh203 15 
f0rmed at the 5ame t1me a5 the f0rmat10n and de50rpt10n 0f 
water and HC1.1t 5eem5 that phy51ca11y ad50r6ed water ha5 
very 11tt1e effect 0n the Rh203 10ad1n9. H0wever, water 
60nded t0 meta1 at0m5 610ck5 the 51te5 wh1ch w0u1d 0ther- 
w15e ad50r6 RhC13 (u5ua11y a5 RhC1a.3H20 1n water). Water 

7a61e 6 
1nterat0m1C d15tance51n Cd5 and Rh20.~ [ 181 

5tructura1 type D15tance (~) 

Cu61c Cd5 Cd-5 2.159 
Cd-Cd 4.113 
5-5 4.113 

Hexa90na1 Cd5 Cd- 5 2530 
Cd-Cd 4.130 
5~5 4,130 

Rh20~ Rh~0 2,05 
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F19.7. P055161e mechan15m 0f h19h temperature treatment 1n a1r and re1ated 
511~1¢tUfe, 

hydr09en 60nded t0 the 5 at0m5 w111 de50r6 at 573 K. 1n th15 
ca5e. the Rh at0m 1n RhC13.3H20 w111 11nk w1th an 0 at0m 
0f 5urface 60nded hydr0xy16y a c0nden5at10n react10n when 
the 1mpre9nated cata1y5t 15 heated at 573 K. At the 5ame t1me, 
HC115 f0rmed and de50r65 fr0m the 5amp1e. Wh¢n th15 5am- 
p1e 15 further heated at 773 K 1n a1r. 5urface 5 at0m5 w111 6e 
0x1d12ed t0 502 and an 5 vacancy w111 f0rm. 7he ne19h60ur- 
1n9 5 vacancy 0f the Cd at0m w111 6e 0ccup1ed 6y a term1na1 
0 at0m 11nked t0 an Rh at0m. 7he term1na1 C1 at0m 11nked 
t0 Rh and 0 at0m5 1n the ne19h60ur1n9 hydr0xy1 can 60nd 
t09ether and re1ea5e a m01ecu1e 0f HC1. 1ndeed, 5tr0n9 
de50rpt10n 0f 502 and HC115 065erved dur1n9 th15 treatment. 
1n 0ther w0rd5, RhC15,3H20 15 c0nverted 1nt0 Rh~03 6y a 
c0nden5at10n react10n and 11nked t0 the 5urface 0fCd5 6y an 
0xy9en 6r1d9e. 7he 5tructura1 data 115t, ed 1n 7a61e 6 are 1n 
900d a9reement w1th th15 hyp0the515, 7hu5 th15 k1nd 0f 5truc- 
ture re5u1t51n a 5tr0n9 1nteract10n 6etween Rh~0~ and Cd5, 
and pr0v1de5 a 5pec1a1 path 0f e1ectr0n tran5fer exc1ted 6y 
v15161e f19ht (5ee F19, 7), ]•he 51mu1tane0u5 pr0ce55 0n 6are 
Cd5 w1111nv01ve the 0x1dat10n 0f Cd5 at 773 K, 0ur exper- 
1nt¢nta1 ev1dence 1nd1cate5 that Cd504 and Cd0 are the 0x1- 
d12ed pr0duct5, HC1, f0rmed 6y a c0nden5at10n react10n, may 
a150 react w1th Cd t0 pr0duce CdC12, 7he5e pr0duct5 can 6e 
rem0ved 6y acet1c ac1d at pH 4,5.7h15 pr0ce55 pr0duce5 a 
6are Cd5 5urface and 151and-11ke Rh20~ re51d1n9 0n the Cd5 
5urface; the f0rmer act5 a5 a 118ht a650rpt10n centre and the 
1atter act5 a5 an e1ectr0n tran5fer centre; 60th are nece55ary 
f0r h19h act1v1ty perf0rmance, N0 ev1dence 0f Cd (0H),, f0r- 
mat10n 15 065erved, 

5. C0nc1u510n5 

7he re5u1t5 06ta1ned 1n th15 paper ver1fy that h19h temper- 
ature treatment at 773 K 1n a1r 1ead5 t0 RhC13 c0nver510n 1nt0 
Rh203, wh1ch act5 a5 a ph0t0react10n centre. XP5 re5u1t5 
5u99e5t that there 15 5tr0n9 1nteract10n 6etween Rh203 and 
Cd5 1n the Rh203/Cd5 5y5tem after h19h temperature treat- 
ment. XRD, XP5, AE5 and 6DM5 5tud1e5 revea1 that Cd504, 
CdC1, and Cd0 are f0rmed dur1n9 th15 h19h temperature 
treatment, and the5e c0mp0nent5 can 6e rem0ved 6y etch1n9 
w11h acet1c ac1d at pH 4.5. N0 ev1dence f0r Cd(0H)2 and 
Rh253 f0rmat10n 15 065erved. CdC12 and Cd504  ex15t 0n1y at 
the 0uter 5urface 0fcata1y5t5 8 and D, wh11e Rh2031510cated 
near the Cd5 5urface. 7he rea50n5 f0r the h19h act1v11y 0f the 
cata1y5t5 06ta1ned 6y th15 meth0d are a5 f0110w5: (1) the 
f0rmat10n 0f a 6are Cd5 5urface w11h 151and-11ke Rh20,~; the 
f0rmer act5 a5 a 119ht a650rpt10n centre and the 1atter act5 a5 
an e1ectr0n tran5fer centre; (2) the 5tr0n91nteract10n 6etween 
Rh20~ and Cd5 pr0m0te5 char9e tran5fer dur1n9 the ph0t0- 
react10n. 
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