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To date a~aC e~perls~'uCs des/~ned co probe Strong HeCel-$upporc %uCe~auc~ons ( c ~ I )  have 

focused m: electreu cr~ms£er be[v~eeu the metal m~J the support. Fur certain structure 

senm£cive tea=tunas, e~.,  h~fro~enol~sLs. SHSI can be uaderscood to be of ~oucetr~c or ig in  

and caused by m ~ r a t ~ u  or • species from the support ouco the uecsl pa r t i c l e .  Vc p=esouC 

three kinds o~ evidence fa r  chin modal fOC the RI~T/O 2 s~ste~: Auger apucter p rof i l ing  o~ 

=s~lel cacalylcs~ encoded X-<ray shsorpc[o '~ f ~ e  scrucccUce (~XAFS) a~t lyale and /~EraCed 

spacers o~ char{so[bed CO. The h~Jco~eox¢io~ o[ CO and dSCcqpotltiun O~ ~I  3 are, l l ke  

I~rcSenolys l s ,  scrcccure ~euJ£tive. l~ ,ever .  SI4SI hss vet7 lLt~' le e f f e c t  on these ~ i c -  

cious. In t ~  c u e  of CO h~droeenatinn, SHSI i s  ~everzed by the ceactlou products CO z and 

i~O. AFpatenCly the ~ C  abundant sur f •as  species in l ' ~  deno=poslc;~u, charS•orbed ]; 

a cc t , ,  competes vLch t~ r ec e d  support ~pecJea. 

lucroducti~m 

lu the lam~" £~vd years chert has beau rapid grouch in the uumber of laboraco~les involved in 

she study of =seal-support incur•crises.  Much OE the cradle for •vskeai.~ £uteresC in an 

old  ares ©f ca ta ly t i c  research muse be Sivou co Tauater and covorkere ac Exxon (1). ghac 

us.ken t he i r  contrlbut~onJ onre mJ&u;ficanc Chart she legin~ of ocher papers ~h~c report "an 

u£fenC" of support, add;cave, e t c .  on s c t i v£ ty  ©r chemisorpC~o is the observation chat the 

;-cersccLou bcc~'ce group VZlZ n~ecsls and Tie  2, refzrr~J co as • aCro~ ~cs l - lupporc  

/u tc r Jc t i ce  (S~Lq%). cen be induced by • a/mple c ha in s1  ~reatronc of  the ca ta lys t  (reductLDu 

in X2 aC hlsh camper•core) and shec iCcsn  be r e v e r a ~  s inply by orldaci~, and re-reductlon 

in I"I 2 sC lov'te~pere~ura. The cevecmlb~l£cy of~ she mCst.-auppcrt ;~¢ecacclou. cbe unau~- 

biSuoua ideucif£cacinu o£ she £uCeranClou ~ich the reducibi l ic7 of cbe support and de:=~u- 

zerecice thac TIO 2 i s  not unique {2) ~ e  ~c un l ike ly  thac the e f fec t  i s  an ~ motel-  

suppose ; - [ e r e c t i o n ,  i . e . ,  s t c r i b u c a b l e  ca p ~ r c / c l e  s i z e .  auppo~c ;=pur i~y.  o r  ocher  

e f f ec t s  (3) vh~ch have not beco properly control led.  Z¢ should be pointed ouc thaC Taunter 

cC e l .  (1) a l so  de=~et~Jced tha~ t r i v i a l  e.xpl~uci~m of  the group V%II-TiO 2 Lccerancion 

such ms c~smive s i n C e c ~ ,  or co~plete encapsulation of the mar-l, ~ a y  be ~uIed out 

exper~u~enca117, ltoreover, chay •lunged thac the except of LuteracCinu could be quunc~f~ed by 

cbe degcee co vhich ~2 or  CO che=imorpcicu axe depressed. 

The ~omc prey•lout ausm~pci~ ~ t . search  sro~s  sCudyZ.~ ~ecJl-~upport ;~teracLinns has 

beou CMt Cha e£fecc is caused by eleccenu CtJus£er. Iu tac t ,  the elecc~unic properCins 

.~,ac •1rays be a l tered co smue degree by the cuncanc potential  developed vheu the cecal  

pe:rclcle and e~ide F e e l  l eve l s  cues inco equil ibrium ac the Incenface (4}. Thenrecical (5) 

, ,z )cc a - , k l  
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and ezperi~.ntal york (6-1D su~eJ ta ,  uith ao~ receptions (12), a Croup VIII ~ctat-T£ 

czCic~ bondinz e c c c s ~ i e d  b~ eleccrc~ dcue~iou lr0u the TL c a r t e  Co s ~ l  aCc~a. ~ veve r ,  

ca t a ly t i c  probes usln~ structure seueic~ve rucc looe ,  e4[.. hydrcsc~otTs~e, iad/caCe chst 

geanctt~c effects  ~a 7 d~ ina te  over e tec t :onic  effecr.e o£ c~Cal--*upporc inceracc[ou for 

obese tuec~ous (13). 

Red~cclnu of  i0~'TLO 2 c~cal ls ts  ac 77~ c~uses a large depreee£ou Ln l~dcc~enol~eiJ scc iv i t~  

(sheer 10 "~ for eth~ae h~dresc~ol~s"-e r e l a t i v e  to a lov temperature recbetioa), t , d  the 

=a~uiCude o[ the e~Zec', is  the uost p:ouamced fog t~e emalleet par t ic les  (t&). l a  coo- 

crest ,  cyclohenzae deh)'drc~cL~-~ ac t iv lcy  ~.a ooly deczeaac~l e ~ c  a factor of c~o vhcs 

ecc£vit ieso a f t e r  : ~ o c t / ~  oc ~7 'r~' ~ 773 r ,  are co~par~, This bob•v/or Lo :~Lta ~alc~ 

Zeus co the- effect  of • group I~ wet.~l oa ~,v =c~Lvicy of a s r ~ p  v1zr ssetel, e~., C~ oa 

N~. (15}. "i'lut s/ .~. ler / ty betveea al~TLo 2 :Lnterzct/ms mul aroup VZIl-greep lit metals intrcac- 

t~ou Ls also evident in the klnecic par t - t ie rs  of e t~u~  hydcage~mlyoi: (13). 

The e b e v ~ t i c ~ e d  results bays preduom~ • ~ r k ~  bTpotb~e~z C~tt postulates t ~  ~ z a C l n u  

o~ s ~ e  ~pecie~ £ro~ t i e  mspp~rt over tim encsl p*~icZc.  This ulgrar..~.oa affects  suet•able 

siren ouch s t  an iner t  Iro~p IS cec~l does. Cocpltte emcapauls t :~  c a ~ o t  resale,  at. l e u c  

net •c 773X, e;,',ce the r a t e  of cy¢lohex~me d~ydroge~a~'~.tm ~- depressed ale east 177 a leer.at 

of rye. Th~ does uoc r u l e  ouc ~ electrco t r z a J f e r  be tve~  the aJ~raced Jpecles amd 

parcLcle u de~emined b 7 ~ S  (9}, see ze~. 13 for d~arusslcu. 

I~s ohio p.~p~" we u~.ll present dltecC ev~.deuce Sac mJ4;raciou of • a ~ b - ~ d e  of t£tania onto 

ith pa r t i c l e s  obta in~ £rem Auler/eputter p rof i le  especiam~e a ~  ~rcm ez~ended X-ray ab~orp- 

t ~  £;qe structure (EXAFS) ~.slTels.  The auZogy be~e~ Zco~p TZII-sroup Is atCal-,aeral 

~nr-rocc;au ~ t t~ ~roup VIII-T[O 2 inCeraetie~ wi l l  be strengthened ~ iu£reced spectre of 

CO cfiec~j~-Vtioa m ~ i O  2 as • _~uact~o~ of reducticu Ce~era~ure. Seas rescticas ouch u 

CO h2rdtc, eeo.eti~ or ~.~ dL.Cmapblle~, uhtch are t~umlly ccua~det'ed st:cuctute smsLti.~ro 

rescc~m~s, do net r e f l e c t  Sl~I ~ ecru uses the o r ~ . . - 1  d e f i n i t e •  of T.su~cer zC e l .  (1), 

J~l., z ~¢vere~.ble e f fec t  of  high tm:p~erure reductLou. Ve v '~ll  p ' :esmt reeutte fore these 

root/men m~d e,,q~esC l:t:W', t.~lLke hydrcse=.olyo;', the e f f ec t •  of supS'to on ~bese r e s e t t l e  

era r e ly  apparent vben IL~TiO 2 JJ compared to vh an £r~educlble ~upporte a=d thee the7 ~ e  

r~n i f e sMc ieu  of z tectrouic  es ve t ]  as leo~etr£c ef fec t* .  

V.z~eriz~c~l 

Oltrav~.olec pbatoelectz~ (51'3) spectr~ ~ t e  ~ lk~ v~_~h a double-,puo c T l l z l : k s l  scr:or 

elc=troo npecC:c~ter. Carbm aaaaxi~e cbestisori~teu v u  ~o/tored by =T~L.~es in the UPS 

opzct:a, fn:imr£1y b 7 e~e lq~purzace o~ the ha-noIecular orb i t a l .  The preparatLuu ~ d  

oher~c~£zatlm of ith f ~ l m  on T~  2 (/In) used fo r  ~be CO adeorpCi~u earpe~iz~e have bern 

p r e Y ~ s l y  L-eporced (IS). ~ EXALq spectra wre o~ra;-.~ ~ . e  c e l l  deail~id £er ~a l ieu  

axiS•tie• a~l reduct~eu. The ra re ly , to  oa ,,,,~ for  ~he I~A~S mut l~ ia  t~te  throe uee~ in • 

previous scud) (17). Derailed d e s c c l p t ~  of t ~  experimental procedure m~l mutlyeiJ v i . l l  

v-:~ D I S C L A I M E R  
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be published eleeuhe~e (16~. The ~f ra red  lp[-~Crl ~ r !  O b | l ~  by Crensa~eion Fou=ier * 

trzne[orm Ipetl:~oacopy using a conventional I~eaCeble~ e v a ~ l b l e  c e i l .  A CO=plete deecclp- 

tion of ~a~aZys~ prepare:ion and the reaction studies can be fm,~d ~ ref .  19, 

~IUX|O ~od~[ l~ i iL~t t  

1, Hodel Catalysts 
HodeI catalyses vere pxepared by evaporaclc~ I,.5 co 4 c~c~layer8 equ~.vaLcur, of/th onto clee~ 

t i02  (110) (16). Depth conpoaiclon p r o f i l e s  of rheum f i l ~  ve re  obtained unlns AuSec 

Jpectroacol~ and At-ion sputtering. An unredueed cata lys t  exhlbJts a ~ o c o n i e e l l y  decrees- 

L~ Ih e~us l  sod i n c r e s e ~  Ti and O algnale v l th  spu::erir~ c~e,  buc a eac~le :educed aC 

67~, exh/bicv, • =~.~:-,- in the Rh ~ d  minima J~ "~i aod 0 ai~m~Ze u t ~," es=ple is apuccercd 

(IG). These resulCa suf, Zcst ~hac s Ti0 z species ]~e ~graced once the Rh parciolee. ~be 

£acc chac the over laye:  in a tub-ox~de ~.l deduced [¢oa Chc lo~ec T~O caCaO [or  the over-  

layer ckau ~or the clean T~02 cxvacal.  As observed f©: powder catalyses,  ef~er high tc~p~r- 

eture ~educl:ie=, the ~educed ~ d e l  Ca~lyat  no lonSer chem~eo=ba 00. ~ e v e r ,  epu~.ce~ of  

che reduced cacaiyeC unt i l  the Ith Asset signal vae near ~Ce m~c[cs~ resto=ed CO cbcad3o~- 

C~u. This is dec~uc:e~ed ~ F/sure I,. vhlch abram Ctm U~S epeccr~ ~or CO ex~aure o~ e) 

polycz'j'ecmlI~ue ~ and b) • =~del ~./T;02 cer~IyeC reduced sc 673~ ; -  10 -3 coz~ tl 2 znd Cb~n 

pa:cial  ly ep~C~ered, 

It) GO oa Rh |011 

' UPg: hvm21.Z IV 

- -CJ , I I I  llt, 
• , ~ . ~ . o a l l  l lOOel I. CO 

\ 

O- 

~) Ie+O OPI HTR led II~IIIOIIP41 RhlTIOI 111 n) 
/"% 
,,-~s • UP6: hv-21.2eV 

l l  Sl • 4 elo 

lfl[lll! Enelgy [IV) 

IPJ~ure I :  I~S spectra for  (a) am atomLcally ©lela u~ fo£1 before (8oi£d curve) ~ d  8£Ce= 

(dae~,d curve) c ~ o ~ r e  mR 103 L CO and (b) Foc • h l ih  ce~t~erscure reduced aod Sl~=~ered 

~hlzi02 (110) ccdel catalyze before (solid cu=ve) an~ a/tee (dished curve) ~poau~e Co 100 L 

CO. 

V-137 
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The oc ~ i s a l  purpose o~ she ~ sCudy wss to ~nvtstl tsce she effect of suppocc on L~e th-  

A~ ~nterscLisu. Ibwever, RhJTL02 s~wc~ ei.~iLac behavior Cuir.~ tUpect  so ~h-O bon~ ~orc~- 

t~oo) co the-. of 2h-Ag;T~02, but the l a t t e r  EXAFS spectra u~re ob~a~a~ v i t h  h~hec s i t ,eel-  

to-noise rac~o and • l i e u  • direct c ~ r ~ s o c  co another caCelysC whcce the p~epeesti~u vat 

i~eccical ucept  chsc the sol .oct  yes SLO 2. F~.utes 2a and 2b shov~ respectively,  

o- o ! 

• ~ 

o 

o~ od ~0 

' -  7 - o  
o q  o o  

R IN ANGSTROMS R IN ANGSTROMS 

Figure 2; (8) Msr, nitu~e of ¥ouciec tezus£om of Ih £ edge I~FS o~ th -~ /S i02  af te r  ~'edut- 

t i e s  a t  ~99K ~or 70 s in ,  (b) efcec  ~e~uctLon ac 7531[ I[oc 90 m~u. Species rccocded s t  

l iquid 14 2 ~eweretuce. 

cbe rd~oitodes o[ the Fourier t r a n s ~ o ~  e£ ]Lb ]~ edte ~ o( ~ e  1or and high [~pereture 

ceduced Rh-AgISiO 2, Couparable apecCls for P.b-AF~TiO 2 Ice Jhmm ;~ Fizure 3• and 3b. The 

rc~,~ou o£ incecest ;-  belo~ 2 ~ i~ chase spa:to•. A small dec~ute is  cbse~ve~ for the D0z-O 

pesks ~ th t  tlductiou temperature ; -  verie~ ~oc the 5i02 auFporcud csc•lystp but ou Tie 2 

chLs pc "v ;" s b ~ t  1.5 ~i~zs as large a l te r  • high cempecacure reducCJo~ tba= o f t e r •  low 

c~5~peretu~e ~e~uctlcm. A crude uodel [or t'l:e h~b  ~en~erscuze reduced 1~ .-~IT[O 2 spectrum 

in F~ure ~b is sl;cn~ ~ Figure ~a. we ~sTe censer•teed this  specczum by ccxnbiu~ the 

]~J~'S o£ Ih-O ue~bbors £rc¢~ the Fw=ier  f i l t eeed  specious of IL~ 2 stud o£ th-4~ u~4chba=s 

Zccz~ Cbe Fourier f i l tece~ sp~ccz~un of  E.~ f o i l  in • taC~o of 1:2, ~ Fourier cra=sfozu~uZ 

these so ~ ive  she r e s u l t  ezhlbLted in  Figure ~a, For cemp~risou~ ~ i | u t e  ~b a~ovs the  

Fo~r~r ~Llteced f lee t  i~-lth and ~ she l l s  oF a )~-~/T~02 catalyst  af ter  h ~ h  Ceupecstu~a 

:rcducl:Jou. Curve f£tcisg isd~.utea • Rh-ILh boud l q t h  of LiD ~. and J," lth-O d~.sCsnco of 

2.08 ~; eoord~ce~is: I~nbere ~o~ cht sbeZls are on the o~4er of 8 ace 3, ~espectivety. 

q~L~cscive ~CerpceCet~o• of these spectra ~8 cbtc tbece ~t• note ~ ; " t ' . r m c t ~ s  i~ t e r  

V-Z38 

,R 



..... 

. J  

X O  

, , , q j  
t-,. 0 
,,,~o 

o 
u.-o 
u . o  
O 6  
m , O  

C ~  

" Z O  
~ q  

(a) 

0.0 2.0 4.0 6.0 8.0 10.0 
R IN ANGSTROMS 

•0..0_ o 
xo. 
~o 

0 
u . c  
, , o  
0 6  m.ll, 

7 O  

/ 

0 . 0  2.0  4.0 6.0 8.0 10.0 
R IN ANGSTROMS 

Fi~uce 3: (a) HngnLcucles of  ~ou=iec transforms o f  ~h K edge F-V.AFS oE I~h-Ag/1£O 2 a r c s :  

• zeduct~.Qa aC /~TK for  70 luin, [b) afcec re~c~Lon a~ 75~' for  90 miz~ Spectra recoz~tec[ a ~" 

l~quld ~2 te=pe:ecu=e. 
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F ~ r e  ~': (a) ~ . i C u d e  OE Foucler ~aaaEoz= o~ =odel ~rO~5. The ~ 1 1  ~e~ c o n c e p t s  co 

~ e n  ~-co~ aC s ==an dlecance of 1.97 ~ f r r  ~h ecc~ r~e la :ge  peek rep:esebcs the 

f~csr, s h e l l  Rh sco~ 8c 2.69 ~, in ~e~elltc P~ .,J H~gnicude of Fourier Cr~ns£er~ of lth [ 

edge EXAFS of £1rsC shelle of l~.-P,h azug ~--0 ~,~ ~h-Ag/~iO 2 catalyst: ~tfr.ec 
V-13q 
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kith temper"taro rnducCloo ~han af te r  i l m a  ~q t r e tu~e  red~:~i~.  7~ie could be the result  

of gh part icles  spresd:~nZ ou= d u r ~  the h~h Eo~perotuce reduo~ion~ as previously zepo~ced 

for Ft/TiO 2 (20}. In the l ~ h t  of the ,putter pcof£1es, boo,vet, we coke the ~tA~S results  

ss a~dltio~tL evidence £o~ T£ sub..~ide st lgrst tm over Rh parc~clas. Their  rosul~a .Ire 

couaCcamc vlch chose roe.holy Eeporced by Shore at •1. (21] for  ~c/TiO 2 v~ere no eviCeoce 

was found for ?~'~ enordJ~aCiou 8~uter  than 1.r2 eto~Pt £or eSChar lena- o]: h~gh-tempe~eture 

reduoClou, l~)vever. ~c should be uoCe¢, that their  ' ~ '  cooperators reduction ua. 7 ~  

lc~et than tbaC used here, i .e., ~731~ rechec than 7 ~  and, o£ course: • d~ffsr~C .~e.Cel 

involved. 

3. lofrered of CO on/Zh~iO 2 

In ocdec to p~obe the surface et~ccure of a11o¥~. Elscbeus (22) u t i l l z ed  the propccCy e'f CO 

to adsorb om s s ing le  group V I I I  • t ~  ~u s l~nesr fashion, ~ • p m i r  of auc'.h aco~8 ~ • 

bcid£Lu~ fslhioo and only ve'~'-y ~,eskly ocneC ec a~.1 c~ the S~'oup IB ~ t a l s .  He . sbo~  tl~c 

CO, vhioh is  predoetlntuely in the br~d~e ecructure on Pd and .he l ~ c o r  eCcucture on PC, 

e~ib ice  • ape:truss ~deut~¢al to that of PC ~hen adsorbed on the equi~olar allOTo Eiscbe~r 

cecclode~ that the a l l o y  surface d~ea noc have oh. properties of s s i~ple  m/.zture 0£ the tv~ 

cc~Foacnts sad suuesCed Chac the ebsmce of brid~ed CO could merely $~dlcate chat tha:e •re  

i w  ed~scesc FLare C~ Pd •come and that CO does u~C b~idse boOs.as • ~d m~ Pc pair .  Tnia 

viev  has been eom£Jx~.d in  the more recent tax': of So~t-Uo~o ~ SachCler ou ~d-~& (23) 

NL-Cu (2~) a l loya.  In boeb oases, the l~uear band of CO om the group VI i i  s m ~ l  f~rsC 8coua 

vh£1e the br iCted bend decrease,  as ~he a l l o y  becomes r i c h e r  ( in  the bu lk  and ou abe 

sur£aos) In the group l |  me~al; a l l  C0 edsarpCi~ dlssppeets as :be mJrfaco becomes o ~  

#Io:e ly  coveted v~tb the Ia ~etaI.  P•~zl]el  behav~t is  observed £or ltb/ZiO 2 as i t  i t  

r ~ : e d  a t  ever hisher temperatures. Figure $ sh~vt ~nfcered a~eccre of the cata lys t  

In 

aJ 

0= 

IdRVENUP1BER5 ~AVENLPH~[R5 

F~ureS :  Is~tared absoEp~£on spectra 0£ CO a~e= s e h ' r J t ~  m~d evao~at;no a~ room t o , e r -  

asure £o l lov~g  r e d u e t ~  a t :  As 473X foe I h; B. 517X ~oc 2 h; C I 62~  for  2 b; ~. 77~ 

for l h; and E. 773~ £or 3 b. 

V-240 
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|•tu=at~d r ich  CO and eva~usted aS eec~n t epee•cure  • f e e t  several  d~£eren~ r~ucCi©u Ce~u- 

peeaturee. ~he cecal jsc  yes ecduc~ eC ~73~ Io :  one bouc and ezhiblts a br~d~ed band i~ the 

ee~iou o£ .16~0 c~ "1, the l~a~c  ban~ 2~69 ca  -1 and • 8~n dicn~benyl, pcobebl7 Rh~(CO) 2, at  

2030 and 2100 cm "I  (figure 5~). ~Cee  a ~ o  houc .~educCion the brid~ed band had a~sCly 

dieappeseed, Cb~ l~nesc baud bc~ a b ~ t  doubled ~ intensity and the Sen dlcacbonyl wa uot 

~ c h  a~fected. As the the cedu~clen te~peeaC~e ~nd t~ne ace ~ce~r,~ (Fisure 5. ~pccC~  

C through spcct~ B) bach ehe l l aea :  and ge~ dlca=bouyl enn~toaically disappear. ~ e i u ,  

inCe~'p~'et chene results as the ptos~eseive covering o~ I~ particles by • species o1 eltanlu= 

o ~ d e .  

.&. CO HTdrose~atlo~ 

We h~v© studied CO 1~3dc~se~tic~ ovec • Rb~TI02 ca t a ly s t  s te les  of v n ~ 3 ~  dispecnlon ~u • 

sCe~d~ ecace £Ic~ eescCoc o ~ e e s t ~  •c 1 aC~ t o t a l  pressu~e~ 47~,  ~nd • ~:C0 ca~fo of 3:1. 

To compeee the efEect of di[feesnC supports, a ~hlS~O 2 ca ta lys t  ~ss a l so  used, T~ble 1 

eu:a~ri,zes CO h~deosesmtiou races a£cec LT~ ( 1 ~  temper•cote :edu:tios, 473~) and ~ (hIsh 

tenpeczture ee~ucciou, 773K). 

TABLE I .... 

CO H~d:o~easti~u ~c~vi~ 

C.~AI~ST l ~ h  P~UT~I0~ ~ROD~C~. FO~'~TT~; ~AT~ 

~ctlu~e ~l+ . alcohols 

~h/SiO 2 9.05 ~ l . oo  9.co o.gl 

3~.9 1.9 2.1 

~ I i 9 2  , 0.65 L ~  ~ . 9  1,5 1.5 
23.9 I . I  1 .~ 

Rb/IiO/ 0.76 LT~ 39.0 2.1 1.8 
I~R 29.0 I .~ L.3 

~q4olecules pe¢ surfsce.~h (bused on l~gh) pec sec sc &7~,- 

Zba l s~e  'vm~iat.~=n i,u ~:•cU fcc~ 6£02 to I i 0  2 :uppoctal ~b ~ i c a t e .  • s t ro~ ~ l u e n c e  o£ 

the uatute o£ the suppo:c On CO hydcoses~ion, ZC f l  4~tecestlu~ Co nOCe tl~c eve~ t l ~ h  

there ace l s r se  dlf~eren=es iu IcClvlC~ and J e l c c t i v i t y  ~ the rupl~rt ~ ~a~'ied, the.Te 

czls~8 a z t e c  ~ charge becveen the lc~ ce~pecatuce reduced RI~TI97. ca ta lys t  (~n • nou--SHSZ 

state) ~ the blgb temper•Cure ~educed ca~a17st (~ the S~5I Jcate). ge v ~ t  co e=~siz~ 
tbls £act+ ~hich h u  noc cece£ved ~ c h  • cc~c i c~  EeCQ ~rkera ~uvesc~sting $MS~ cscslTsca. 

Cazbou c~uazid~ hJdrose~stiou bus bee~ cous~eced • se~sitlve probe oE SISI.  and £c has eve~ 

beam pro~sed Co be ra~ed  f i r s t  i~ z kierarcl~ oE ceJClc~ resorters to dee~e vbet~-e • 

u c s l ~ a c  exhibits ~ S I  (2~). I l e i t i s ,  l ~ j e s  m~l g e l l s  (2~) b~ve c ~ t l c s l l y  eeviev~d mc~ o~ 

~be ~ k  repotted on CO ~ydro~e~ciou ovec ~J.O 2 s u p ~ c e d  czcslysts z~! have pointed ouC ~be 

£1xv v~ are hi~hl i~hci~ bece, Tuey observe ~hzc s~nLler se lec~ iv i~ i~  b ~ e  been ob~erve~ 

afte~ ~ t  and ~ on ~/T~92 (27) and ¥~lTio 2 (28), indiescin~ ckec S~LSI has uo ~uElue~ce on 
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CO h~dregenoClon ~eoctinvs. They sZIo •ore C~c ~t~y tuchors, vho sl t=ibe the enht~oed 

s e l e c t i v i t y  to SXSZ (29). have noC coo=led o~c chc ~cacc~on efce~ LT~ to dtcide ~cCher the 

observed e f fec t s  are dL=eccly celaCed Co SHSI. The ~scoocepC~o• probably cbc~s £roz chc 

fecC chic ~mc of this uczk has bcc~ done ou NIJT.,Lo 2 ceceLy~Cs, vhich require temperatures 

around 722~ co achieve complete z~docc~on of  Hi., kc chose cmpcrcturcs $~$~ is already 

operat ive.  Indeed, c~ Xorcis cc e l .  (26) indicate,  the CO hydro~enatie~ reecciou i t s e l f  

• ~ o v c c  the SHSZ. l~cb os31~ (item dissociated CO) and ~aCec (forced dur~n~ the re~CCiO~ 

a r e ' ~ b l e  co ~csCoro the ¢oc~aI p~o~ecciss o£ chc z~cal.  Therefore. ~C is  uoc ~rpr in in8  

chac SHSI czuneC influc~ca CO hyd~euacinn.  

T~ece exiscf, of e~cse ,  a suppocC effec~ evldeoced by Che var~acXooc observed in a c t i v i t i e s  

z~A JeleocLv~cies vhe~ d.;.ffermc ouppecca ace used, T~.u mac aoC be coerced ~ic~ r~e S~SZ 

e r f u r t 0  uh£ch £s the  a l c e c i t l o n  of  the normal c a t a l y t i c  prope~C£el x f c e r  RTR caused a 

mxl[f~cocio• of the support p~operclca ~. The aup~orC ef fec t  cbaecvrd in chlc reaCCJ~ ~ y  be 

: e l a t e d  co LqCr~noic properties of the e ~ p o r t ~  ~ i d e .  For exmnplc, Ichlkava (30), aCudy- 

supported rhed£~ cac~uy.1 c lus te r s ,  observed c~aC Zc02 and T£02 s ~ e r C e  improve C~e 

s e l e c t i v i t y  for  eCbaaol £onmCJ~u in the rcacCinu ~ co,pared co a£1£ca supported ~ e d i ~  

clumteco, gaczer ct  a l .  f~3) have proposed a c~rcelsCic~ between mcLaccLvlCy "Co alcohol 

formation vieh the baslcl ty of cha support. ~"~y found, in agce~enc ~ t h  ouch • c o ~ e l a -  

c~ou, ~h~t TiO 2 supported Xh has a mc'h higher s e l e c t i v i t y  Co alcohol ~ormC~• Ckau the 

SiO 2 supported cacalysc. ~ov¢~cc. iC l~s been ahou, u 01) that b7 vazTin$ the CFpe of~ SiO 2 

support Che ~Icohol pcoduecle• race een be gceacl7 o lCer~ ,  and £: kas been s ~ e a c e d  Cbac 

chic enbaocemat sclccs fcc~ a lka l ine  ispurlc~ca ~ sc~e cypca of S~O 2 supports. Thus, the 

c o r r c l e t b u  vlt6 ba,lc~cy my  ooC f u l l y  ezpla~u the observed trends. In &n 7 case, Chis vie~ 

e~pbaslzes CbaC eah~eemnc ~u accivicy and a e l e c c ~ v ~  for  CO hydcogeuaCioa ~ceaor..~'ns muir. 

be r e l a t ed ' co  s ~ e  tncrlns~c properties of cbe support, noc Co the e ~ c ~ i ¢  S~SI ef fec t .  

Tha serous | l=~is~i~y bac~=t  R~up VIiTlroup IB mecel'-i~"1 o~d ~:mup ~v/II-~iO 2 n a t a l -  

oxide incerccelons found for  a ~  ten,  clone i~ ~ c  ohstcved for  ehe m:tkoust~a oE CO. For 

e x c e l s ,  th is  reacCiou i s  rottenly retarded •hen eu is added Co X£ cacalyscs (32), ~ I z  

l l c c l e  e f fec t  in observed ~hen c ~dTiO 2 ca ta lys t  reduced .~C h~h  temperature i s  compared co 

chac reduced ac lou Ce~pcreCuce;. This oppeslce bGhaviorp rather  cbzn ~ e a k e n ~  our aaa l -  

c'~y, ~e-~nEo~cca the ~Ica chac the SHSZ ~ caverned by the CO-H 2 c e a c c ~  /ceCile A£om~c 

orygen sad ~ e r j  formed d u r ~  the ~escciou. dcsClwy she inccraccion* ~u the case of lie-Co 

cacalj lCS, the a c t i v i t y  drc~s b~ more r~m an order of mqulCudc by addin~ 10Z Ca, vh i l e  Cho 

ecc£voClo• eue~y caesium tmchanaed. This has been up lo iued  by the SeozeCric aclumeuc ChoC 

Cu blocks • parr of the zcae~ble.ef Hi access required Co d~s~clace CO ~32). Thac s u e • h i e ,  

~n the case of  CO mecb~acieu over IUdTiO 2 ca ' - lyacs ,  i s  kept clean of foceiZe species by 

the reJcci~n p~oducc~ cbeme~ves, go•eves,  £C ~ deactivated for the case of  eCkauc hydco- 

&euolysis,  ~u td~.c6 the reacc~en does noc s~u~ icanCly  e f fec t  che ~Cerootisz.  

b w 
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~. ~m 3 Deec~eaiclo,  

We ]~ve receded out ch~e rneccL0U over  IL~ ca ta lys ts  Cn three d i f ferent  .upporc. ($~02, AI2O 3 

and Ti02) a f t e r  LT~ and HTR uein~ both a atea~y sC~re £1on reacz0c end a pules  =eac¢o¢ Co 

search for di£~ercuces Jn s~t£v£ty ~uduccd by the e,pport or $~lSI. ~ecouoe thee tea=ties  ~s 

c i n c t u r e  sens i t ive ,  ~e ~ h c  e ~ l c c |  by amolo~y with ocher eta•truce s ens i t i ve  ronoC~ona. • 

l a ~ e  e~fecc ©5 S ~ l .  Zn addition, ao discussed ~n ReX. 33, rehoused ~ t re~en  chc~aorption 

ca ~lh r e l a t i v e  co lc~ te~peratuxc reduction ~as obCslncd o~tec P~hJTiO 2 ~ae reduced oC 773~, 

i3~vevec, the RhJTiO 2 ca ta lys t  eahibited no s~u~fle~nt cha~es ~ ecC~v£ty a~ter  h '~  r e l e -  

clve co th~c observed e~=Cer LTR (19). Horco~er~ no e~£ecc of  the  support roe observed •mon~ 

the three d i f fe ren t  supports scud£ud. Almost the ea~e turnover £eequee=ies end sic~Llor 

a c t l v a c ~  emet ics  ~ r e  observed ~n the  Ce~peonCure xa~e  studied foe the Chess dLfferent 

et/ppo~[i. 

TAPIr 2 

~ a  ~ecos~oolCL.u "on ~odic~ Car~Lyol:e 

C~T~L~ST I U R I b O Y ~ . ~  (see"1) * ACTIV~IOXL~G~ 

e ts/XiO 2 (LT~] 0.26 18.0 

( la '~ 0 .;:'0 17.0 

~/S,~O z 0.3~ 2Z.O 
~d,u.,o~ 0.35 za.o 

~ e e ~ o n  xJRhe£terLTR. 

Table 2 c ~ e r e a  turnover fzequemclon (aC 673~. 760 tc~c of pure ~ 3 )  and ac t iva t ion  ener-  

g ies  for  ~ d~co~poe~t~o~ ovec ~he t~ree d~f~er~nt eacslyeea. Tee SIbSl does noC appear "to 

a f f ec t  this  reaction 8roecly. Almost cha ez~e reaction ra tes  and ac t iva t ion  eaer~ies ve~e 

obcslned fol lovL.~ L ~  and ~ Zu a~ree~e~c v l th  our resu l t s ,  D~esic  ~ c ~ c k e r s  (~ )  

have foond th~t~ for t l~ reverse  reectlcn ~ i~mtbeils), f o l l o v ~  reduction sC 7731C, 

YeJ~O 2 cats12ets exhibit the eace ecCivac~n emezsy and nearly e q ~ l  .tuc~over frequency n 

e ~  do ~ o l ~ o v ~  il~/ont~"l ¢ ~ i t ~ O  at  rO0~ t ~ e r i ~ r e  ~ I~'~UCC{OD a~ ? ~ .  

Couclusious 

anslosy bel:veen ue~al-~t:al in~ecrscciou of 8roup VIZZ-~-~p |b b~necs[llc catalyses Lud 

the mecaI-aZlde ~uteracCiou o£ group ~I£-Ti02  i s  eCres~thened by the e~feeC o~ reductloo 

to•vers t• re  cm CO che~iJncptLou (wee ¥1~ure ~). DLxecC evidence for  the miscacLeu of a sub- 

c~ide o£ Ti02 onto Rh p l r t l c l e a  is  obtained fred.sput ter  px~f~ling, and Lc has bcsu dc~ou- 

steered that tblJ  sub-oxide i~hibi t s  CO che~isurpci~. ~e conclude chat $H$I depresses the 

s~tlv£t7 of Rh [or bydroSemol~s~ *Cot the stone reason Chat an ~mecc Stoup 13 ~ecal does, 

i ~ . .  ic  breaks up or r e ~ e r e  inac t ive  the 1trEe group VIII metal e~se;~bles vb~cb c~uscltute 

the ac t ive  ILte| ~or t b ~  zeactiou. Toe hydcosenecbou of CO and the decomposition of  h~ 3 
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s~e ols~ scoe ra l ly  co~aLdered Co be sCcucCure scus~Ci~e reacCLon~ buc are noC a f ~  by 

S~SI (~c[ised as a zeva:sible e~ecC ca c h m l s o c ~ o u  capacity or ca to~)~c  sco~v~cy i~duced 

by • h / ~  Ccn~eraCure :c~ucC~u). Zc ~e Fcobable CksC SHSZ, the s C ~  blndLn~ of • s~b- 

oxide o~ 2'LO 2 Co the metal euc~ace0 ~e ~ vc r szd  by co~ecLCive chcmlsor~cion o~ cho p=c,~ucco 

o£ CO h~d~enaCiou (chcc~ccbed oz)3en and HsO) and ~ke r u ; t~ nc  ©~ ~ 3  dcc~o~ic lou  

(ohez,;lorbed ~q2 ) .  
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