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MR 2 CO M NO BBMEMAL sy B % TERS Rhy/Si0;, Rhy-V/SiO; itk
L0 R OB RS REMRAEE.  Rhy MMM Rhy(CO)4Cly h&Pdis. M
Rhy /Si0; ffN £, CO BB HMpAHCIREH: 2085, 2028cm ! (F4£SRH Rh' (CO)1),
2060em = (2 MH RH CO), 1867cm™ (HAmHM R ,CO). &K Rhy-V/SiO2 MikH
E. CO & RET 40 RHV dhs EARMMAKMA, TLWEY Rh® SRR THBETERTH
Episech.C (Rh'); @et Rh! (CO), @iesin, BETFE CO # NO RMpBIT.

*@iF: CO f NO {hgmM, ikl Rhy-V/510; M

CO ffmBA4d4ftahtffaEERREAHat I L A 2T Y
MEHE. LEEI RLV RBLARNTAR Cr 2ALAWEASTHEE, A4
fa ik D2 gxamAeERRETCHER, XRPERAE— WA, HFE—
B AFE B BATaer % @ & F CO, NO B starsh kit 2 £ 7 A RhCl; #8 £
7 Rh/8i0, #2 Rh-V/Si0, #R A AN, RELBLLENAE ML EEH A &
THBESY. RARNEIREFERELHA (44 H Rhy(CO)4Cly) th Al RhCly 24
FHMEEF AR EF S AREN P RARONHUE T ES LB FRE T ORAR
A, A HHAEIRTCLNFEL BRAXHARMLSLEFEERET COR
NO fE# § % Rhy/Si0s, Rhy-V/Si0, ¥4 F b 8540 £ R K, 3+ &% Rh/Si0, #
Rh,-V /810, 42 5|4 7 a7 He.
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Rhy(CO)Cly 44 # & £ 5 50k B 8 877 5. 3 RhClazHoO & o il &
A, RASHENS T T 3TIK 4 CO 4, S4E8aedRd Saitith
L, & Rha(CO)Cly. #4 R @ EEdHE HAHTEES VOCL BARMARMNE S0,
ik, ﬁﬁi:ﬁﬁﬂ VOCl,/8i0,. £ N; S84 H%4$ T, # Si0, % VOC1,/Si0, # i #&
Rhy(CO)Cly WIF DE AT, EXEBREHHEF, B2 Rhy/Si0; 5 Rhy-V/Si0; #
. RhAEH w=3%w HHEHH), V/Rh(EFH) 4 2.
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Fig.1 IR spectra of CO or/and NO ad-
sorption on reduced Rh;/Si0,
catalyst
(A) CO(I)4+NO(IT):
a) CO chemisorption, b) sequential
chiemisorption of NO for 60 min;
(B} NO(I}+CO(IT):
al NO chemisorption, b) sequential

chermisorption of CO for 60 min
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Fig.2 TR spectra of CO or/and NO
adsorption on reduced Rh;-
V/S5i0; catalyst
(A) CO{I+NO(II):
a) CO chemisorption, h) scquential
chemisorption of NO for 60 min;
(B) NO(I)+CO(II}):
a) NO chemisorption, b) segquential
chemisorption of CO for 60 min

2 ER5i11®
2.1 CO, NO # Rh;/Si0; kaJ{t5RH

1 £ CO f2 NO # Rhy/SiO, e & bR Fthirst ##®E. CO RH#& 1800-
2200cm ' (K54 5] W ARH 4§ (8 1-A-a). 4B Yang f1 Worley & A g93ik 7,
i 2 CO R Mg F 5 Rhy/Si0, B4 # L& & 7T = #7565 Rh .. ZE P 2085em ' Fo
2028cm~! £ & R 45 CO(RM(CO),) *#fn K HEHHRsRUEE, 2060ecm™ £
2% M 7 CO(RWICO) 43 # 4 i id, 1867cm~! B4 %A M CO(RKICO) 455
MU, —H TR A AEL S CO RMAERSALHEL L R L, HARHFA
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CO BWAFHHFEH RL .0 k. NO R4 37 1748, 1660cm ™" H 3] B R i 8 4
(& 1-B-a), 48 Hecher #1 van Slooten % A M# % & £ B9 5 @A Lo 4t Rl 4 7 2l
#| 13 & 4 Rh-NO #2 Rh-NO*~ sy #.

7 CO(I)+NO(IT) #£ Ao (H 1-A-b), M & KM ot (63w, RH &y NO % 1753,
1653cm™! 4 FF M A EHRYE: Rh' fo RO oo FEERH M CO BfR 4
frfh, #HHEEE b AARE; TR 0 ERHHHFA CO VLT 4% NO B,
% CO(I)+NO(IT) 3£% ik 60min /&, Rh!# RhU .0 FHEZE =4 CO R iLid (2110,
2075, 2021cm~1). 2110, 2021cm~! X 4 CO 3£, 2075em~! £4& & CO 7L H.
EENGHEFTLRETAFRE: AiMANO FA, EXxRUEFFAHES COR
MEREES, REAYTLES CO W (HF) hERE, ¥ HT 4 A CO MR KA
WA B8 8 4 B MR & NO KW R %M (HF) 38 &/~ TR (LF) W38
(Inr < Iup); NO RMifE, M & Iyp > Iup. R H RS Rh/Si0, b F| L &7 8460,
TUAME ST NO BUARM M CO#HAR4ET CO fu NO #HRAAE—MESF 0 LA
. &HH CO 5 NO % Rhy /SiO; ffLH LR BT EHFE=ZRATHRE H£—NO
#RMAE# P LS CO B, HZNO 5§ CO #£amae— MR 0L, £= NO MR
RO &R A H RIS ol (MAER SCiH). 5 AR B R E 2150cm ™" AEWAT
—AF R Y. Unland' # 24 5 CO f2 NO # Pt/AlLO; | K M #& 2130-2148cm™" 1
BATA R i, WMFERMAELBHARERT PTCNO #h#. £# 8 Rh/SiO, 4 H £,
Hecker fo Bell® % # CO fo NO K B 4 # RhCNO 4 #, # 2170-2190cm ™! i # & 4%
W . van Slooten % A 19 #4585 CO #2 NO #£ % & Rh/Si0, ¥4 4 ¥ - -F 300K # %
Fif # £ 2185em™" H B 4r sk id, #1944 £ & & RhCNO #y#:6 oy, FHRKER
# %, RhCNO fp# yirsb Rl R BB 5. RPE LML, &AL 2150cm™
R yrie¥ H 78 4 RhCNO £y #.

# NO(I)+CO(I1) 45 ft & (M 1-B-b), CO & M 2101, 2065, 2030cm ™" 41 4
k. EFEH, X COFEFATFLAHBBREET, BFEAMHFAER, F
£ COHFIRYEEE G M, HATFES COHRUERER, 15 COI)4NO(II)
W3R R EE A R — . 77 1748, 1653em! 85 NO UK B R4 A A ik E, &I NO
AR, FE B CO B, ZEMAE NOM+COI) £ M+, ke CO 7
NO FBEE - g b, 4 RRCONO F2 Rh(CO),NO #h#. M8 #4 Rh/S10,
A H & NO(I)+CO(IL) £R M4, #ATHAUEE 2150em? 4B ik, &5
RhCNO #y# ey # 7 £ # Rh! g0 b, # T8 E RWICO, REICO 554 NO B4R
BE s #.

2.2 CO, NO #F Rh,-V/Si0, 5B H

2 £ CO & NO # Rhy-V/SiO, 40 ERM 4ot £ E. CO WM 45 £
2096, 2030cm~ B H I 4 AR e, £ 2070em”t B & AU, £ 1867cm™ H L
AA Tl (B 2-A-a). T NO B K 1009, 1847, 1733, 1633cm™! H 310 R i (8
2-B-a). xf B 1-A-a BE 3 HINO 4 V/Si0, 4 v ] b oy B4 S, 15 5 1009, 184Tem !
£ V-NO'' V-NO sg #5287, 1633cm ! &4 F Rh-NO?- syp#, Z2#E (1733em ')
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B R V-NO* # Rh-NO MR dHES. 5E L-Aaxtth, CORMERLET REF
fo. % AFHACORBEAARK. £F1-Aad, B2 CORMBBAEATELSCO
o, AR 2Aa P EMNNXREME, AHELSCO HAMEEEE LM &
Rh,/Si0, f# {7 b 2 B8 Rl k38 /b TR BE (Iur < Iur), T4 Rhy-V/Si0, f
fo @ E 0] & Typ > Iup, ¥ EF 4 CO HHMA S HHAH T 4 10em™"(2085+2096cm 1),
H A EEE, BRAABTRETEFL, AEM R R o BmE A BOE
7 Rhy/SiOs % Rhy-V/SiO; M #H4TT Hy, CO ZEBLFRMAE, 5 Hy, CO
7 Rhy/Si0, F & F T #4# R #4454 030, 3.80mL-g !, & Rhy-V/Si0; E#F
T FRHEAF G 013, 352mLg ). HAKXMESLEETUEE, VR
BN AR PR AEER, EAELEARUME S 24N E T AL R A
RhIT o B bk, fixf Rh! 088, RAOAECAEET S (RN, BR
# Rh, £ FBF 573K) d s T A THME, V-0 #h#m Rh 080800 %
Rh .0l s, BRENES U FH CO M4 b4 R W48 B 7]
+EEE P R 0 (AR CO RE# & RhT, REM). E k&40 0 B A R e
RZERBETFEHEI LN, BRO $LOEARTF (V) BB EFARYE &0
f (RRO4 VA SRRSO 4VIN-64) 5 B2 Rhy-V/Si0, L F LA 5 654 # 5 & Rh-
V/Si0, i 4H E o &b 4. & CO(I)+NO(I) #£ Kt (B 2-A-b), M3 NO Wit
B ) EE K, S SAAE e CO R4 NO BIE, M4 CO RMMBEREAA,
5 Rhy/Si0, b H M & M atth, WHBRANENLEEEREN T RA(CO), #
@ik, & NO(I)+CO(I) R M+ (B 2-B-b), YRM M — P oE, LHAKEHT
4 CO R, #H NO £ 1737em ! RM G EFFFRME, H—FRBBHHAERT
RhY(CO), syt te, @45 CO T RHRKAH L RMAE R &5 +# NO.

2.3 BT EAELHSEHE R

HAITER P LMt T CO 1 NO ZE 28 £ 5 Rh/Si0,, Rh-V/Si0, 7] LR
Wegbir s A R N AR, RNEFEELT SR EELAFEUTE:
(1) % Rh/SiO; 4 H H% % CO #8BATFE4 CO &4 LF 4%, # A% CO(1)+NO(I)
THAS o A GLE B 4T 2110em ! B4 4R Y RhCNO ##F ; T4 Rhy/Si0,
{rF F#& % CO @EAMT 4 COHLF BEASS, £ CON+NO(IL) b A ME
3|54 NO 5% M CO K Mtyi=4 RhCNO. ® &£ $£585, Rh,/S5i0, #FEMEALF £
A TES HEMAES L (RL), AEFMEFOHFETHEFHAN NO 52H
CO ERRALEFAHTERA. (2)CO % Rh-V/SI0, #4. 7| E& R CO R ik
Rhy-V/Si0, #4071 38, & CO+NO ZE 9, 7 Rh-V/Si0y {0 H] &7 BUG & 3] 4 5T
CO %M, T Rhy-V/Si0, 4] FHLFEFIH LA CO. {5 Rhy-V/Si0, fE A
FH Rh 5B R AT E A EL: Rh-V/Si0, #F EHNE, A FHBERA RIANER
Mgk FeaBn, Rhy,-V/Si0, H4H EH CO ELERZHAEREHE Rh-V/SI0,
BRI, BhAT ot LT HLHTEH TR 5HAAZAHETERERLR
B AR EEMSE (FUHH).
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ofem
B3 ZW (A) Rh;/Si0; # (B) Rh;-
V/Si0; fitME NO Bt ABENL
M CO t¥EHHES
Fig.3 Effects of oxidation by NO dis-
sociative adsorption and redue-
tion on the infrared spectra of
CO adsorption on (A) Rh,/Si0,
and (B) Rh,;-V/Si0; catalysts
a) the reduced catalysts was exposed
to NO at room temperature, and
then evacuated at 473K for 30 min,
after the sample had been cooled to
room temperature CO was added; b)
the zample after (a) was reduced at
373K for 2h, and evacnated at 573K
for 20 min, cooled to room tempera-
ture, CO was intraduced into the cell

2.4 NO @BEEMEY CO RMEw
KT R4, NO 4 FRA—3 &ML
B, HEAEREERE NO 5 K F
B A1 ME2ERTHES
4, £ NO(I)+CO(II) £/ M+, CO HR
Wit A 38 BA Bk CO(I)+NO(IT) £# M
FCORUFERFR, TARWAKRT NO &
#T CORM P, HFEHK NO £
Rh G B F e 4. Hit — FiE LM 8k
#, BN#TTUTER (H3): Rhy/Si0,
f1 Rhy-V/Si0, 4. %% 573K £ J§, X
ZhEE, BEZERMNO, REAERZ
#HTHEBE 473K, #§F 30min, 72K
MR M NO. X fr i T3 4 M &
NO iM%, MWmELTAE, RELE
FmA CO i, hu#EHHEREHN CO
ERLREP O EHRK. HE &
HE#SESTIK K 2 i, RELH
20min FEBEFRMmA CO, WHEitL
SR . B 3-Aa T, &
Rh,/Si0, @4/ k£, CO ®H#E NO &
e T e R & (B 3-A-a)
5 CO(I)+NO(II) #2 NO(I)+CO(II) i #
ARG, COEEHFAREHER
b oR g (B 3-A-b) B E 1-A-a #iE.
#£ Rho-V/SiO, F HF XM A&, 473K
WhEEpRE RN NO 5 CO B
4t (B 3-B-a) 5 CO+NO £ R M
BywilgEn,; FRAEAAKE COR
Mg (B 3-B-b) B H 2-A-a #1f. &3

RFEFEAENO LFEAMAHEFFELNO B, FHEEb 04084, Hib
#£CO 5 NO £9Md, £AFFA CORMENKESEEAFIEE: —NO B
BCO,H_NOMBEMMER P WFREELT R .0, E- TEARHS CORM

PSR ok L R
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CO or/and NO Adsorption on Reduced Rh;/Si0; and Rh;-V /Si0; Catalysts
Characterized by Infrared Spectroscopy

Li Jun' Li Xinsheng? Zhou Jianlue'! Xin Qin® Zhang Hui® Chen Yaogiang® Chen Yu?
{1. Analytical & testing Center, Sichuan University, Chengdu 610064; 2. State Key Laboratory
of Catalysis, Dalian Institute of Chemical Physics, Chinese Academy of Seiences, Dalian 116023;
3. Department of Chemistry, Sichuan University, Chengdu 610064)

Abstract CO and/or NO adsorption on reduced Rh;/5i0; and Rh,-V/5i0; catalysts
has been studied by in situ infrared spectroscopy. The catalysts were prepared from
Rh4(C0)4Cl; as a precursor. Three kinds of Rh sites are identified by CO adsorption cor-
responding to absorbance bands at 2085, and 2028cm ™! (RhI(C0O)z), 2060cm™? {RhﬂCD},
1867cm~! (RhITCO), respectively. IR bands of NO adsorption on Rh sites appears at 1748
and 1648cm™!, which can be assigned to Rh-NO and Rh-No®~ species, respectively. Ad-
dition of vanadium oxide to Rhs/SiO4 catalyst, decreases remarkly the number of Rh!!
and Rh!T sites, and enhances the bond energy of Rh'(CO);. The vanadium promotion
is suggested as due to the electron transfer from Rh" to vanadium ions on Rh,-V/Si0;
catalyst. The results obtained from CO and NO adsorption on supported Rh and Rh-V
catalysts derived from cluster and metal salt precursors, i. e., Rhy(C0O)4Cl; and RhCly,
have been compared. It is found that the intensity of linear adsorbed CO on Rha/5i0;
catalyst is more intense than that on Rh/Si0O; catalyst, this indicates that more Rh" sites
were produced on Rha /5102 catalyst. Rhj-V /5107 catalyst exhibits stronger electronic
interaction between Rh metal and vanadium ions than that on Rh-V /510, catalyst.

Keywords: CO or/and NO adsorption, IR spectroscopy, Rhs-V/5i0; catalyst
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