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The catalytic oxidation of CO on a series of LnCoO 3 compounds (where 
Ln =La, Yr, Nd, Sin, Eu, Gd, Dy or Ho) has been studied. The Arrhenius 
plots show gradient changes around 180--200 ~ which is the temperature 
range wherein ordering of low spin and high spin states starts. The activation 
energy for CO oxidation in the low temperature region varies linearly with 
oxygen deficiency. IR-Spectra of the adsorbed species in both the high an(] 
low temperature regions show the presence of carbonate species, 

l~aTa~HT[~qecKoe OKHcJleHHe CO 6bU]O 14CCJle~IOBaHO B cepm~ LnCoO~(rae Ln = 
=La, Pr, Nd, Sin, Eu, Gd, Dy ~nu Ho). Appeur~ycoBc~<He 3aB!4CI4MOCTH CBHg, e- 

TeYIt, CTBylOT 0 nocTeneHHoM uaMeHenm~ npn 180--200 ~ qTo npeAcTaBa~eT 
co6o~ TeMnepaTypHbI.~ HHTepBaY!, rg, e nacTynaeT ynop~aoqe~He HH3KocrIHHO- 
BOFO 14 BblCOKOCHI4HOBBIX C0r 3HeprH~ a~<THBat~gH OKr~C:~eHgg CO B 
l~H3KOTeMnepaTypH0.~ 06:]acTr~ H3MeH~eTC~ ~HHe.~HO C ~e~I4ttHTOM ~<HcJ~0p0zta. 
IdI~-CneKTpbl a/Icop6HpoBauHb~X UaCTHt[ B 06eHx BblCOKO- H HH3F<OTeMnepaTyp- 
HbIX 063aCTflX yr<aabiBarOT na rlpHcyTCTBHe Kap6OHaTHb~X qacTr~l. 

The ca ta ly t ic  ac t iv i ty  of  mixed oxide perovskites for both  oxidat ion and  
reduct ion [1, 2] reactions has been examined extensively recent ly  especially 
because the valence band  structures  of  these compounds  are similar to those 
of  t ransi t ion metals. Rare  ear th  or thocobal t i tes  (LnCoOa) are interesting 
perovski te  compounds  with vary ing  magnet ic  and  electrical properties [3] thus 
providing a scope for establishing interrelations useful for ca ta lys t  selection. 
I t  has been pos tu la ted  [4] t ha t  the ca ta ly t ic  properties of  these systems are 
related to the spin s ta te  equil ibrium existing in these systems especially to the 
relative concent ra t ion  of high spin Co 3 + states. The experimental  evidecne (5) 
for this postula te  is insufficient at  the moment .  The da t a  obta ined  on the 
oxidat ion of  CO on a series of  LnCoO 3 compounds  (where Ln  = La, Pr, Nd, Sm, 
Eu,  Gd, D y  and  Ho) are presented in this communica t ion  from this point  of  
view. 

The samples were prepared by calcining the mixture  of  oxalates at  900 ~ 
for 24 h. The products  were analysed by X- ray  diffraction. The oxygen defi- 
ciency in these samples was calculated from the analysis of  the to ta l  and  the 
cobMt( I I I )  contents.  Cata ly t ic  oxidat ion of  CO was carried ou t  in a reeircula- 
t o ry  static reactor  [6]. After  act ivat ion,  s toichiometr ic  mixtures  of  CO and 
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oxygen  were exposed t o  the  ca ta lys t  a t  the desired react ion condi t ions  and the 
react ion kinetics was followed by  recording the changes in pressure as a func- 
t ion of  t ime. F u r t h e r  details on exper imenta l  procedures are given elsewhere [7]. 

The kinetics of" ca ta ly t ic  oxidat ion of  CO from stoichiometr ic  mixtures  on 
LnCoO 3 compounds follows a first  order  re ta  law [7] and parameters  deduced 
there f rom af ter  due correct ion for concurrent  adsorpt ion  are used in the  con- 
s t ruct ion of  Arrhenius plots. The values of  ac t iva t ion  energy and  f requency 
factor  are given in Table  1. The observed non-s to ieh iometry  for oxygen  as 
deduced  from the observed average oxidat ion  s ta te  of  cobal t  together  with the 
observed lat t ice parameters  for each compound  which agree with those reported 
in l i te ra ture  [8] are also included in this table. I t  is seen t h a t  each of  these 
compounds  shows gradient  chaages in the  Arrheniu~ plots a round 180--200 ~ 
This is the t empera tu re  range wherein the onset  of  ordering of  low spin and 
high spin states occurs in these compounds  [9]. In  the low t empera tu re  range 
( < 200 ~ the values of  ac t iva t ion  energy show a correlat ion with the ex ten t  
of  non-s to ich iometry  in these compounds  (Fig. 1). The  ca ta ly t ic  oxidat ion of 
CO on these oxides has been shown to involve the adsorbed oxygen  species a t  
low tempera ture ,  while a redox mechanism has also to be invoked for oxidat ion 
a t  higher t empera tures  [10]. At higher t empera tu res  in addi t ion  to spin s ta te  
transit ions,  charge t ransfer  result ing in the format ion  of  Co 2 + and Co t + states 
also occurs and hence the eg electrons are equal ly  d i s t r ibu ted  over  all cobalt. 
ions, a s i tuat ion probably  favourable  for the  redox mechanism. I R  Spectra  of 
the  adsorbed species showed the presence of  un identa te  type  carbonate  species 
(1540 em -~) a t  180 ~ while bo th  uni- and  bi-dentate  (1540, 1650 em -t)  
carbonate  species were observed at  240 ~ on LaCoO 3 in addi t ion  to  weakly 
adsorbed CO 2 (2360 em -1) when the surface was exposed to a s toichiometr ie  
mix tu re  of  CO and  oxygen.  HoCoO 3 seems to be an except ion  in this series, as 
the relat ive concent ra t ion  of  spin states a t ta ins  a constant  value at  higher 
t empera tures  [11]. 
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Fig. 1. V a r i a t i o n  of the activation energy for CO oxidation ( <200 oC) with the exten~ 
of non-stiochiometry in LnCoO a type oxides 
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Y a m a z o e  and  coworkers  [12] h a v e  charac te r ized  the  oxygen  sorp t ive  prop-  
ert ies o f  pe rovsk i te  oxide ca ta lys t s  b y  T P D  and  T G  exper imen t s  and  h a v e  
shown t h a t  the  u-oxygen s ta te  is associa ted wi th  oxygen  vacancies  or  the  pres-  
ence of considerable a m o u n t  of  Co t+ or posi t ive  holes, while the  high t e m -  
pe ra tu re  f i-state desorpt ion  is ascr ibed to the  conversion of  Co 3+ into Co 2 +. 
The  communica t i on  f rom a Chinese research group  [13] shows t h a t  the  defect  
s t ruc tu re  of  pe rovsk i t e  oxides is responsible for the  obse rved  a m m o n i a  oxida-  
t ion ac t i v i t y  and  the  adsorbed  oxygen  species O 2- or  O - migh t  be the  possible 
ac t ive  centers  for the  ca ta ly t i c  react ion.  The  obse rva t ion  of  the  present  in- 
ves t iga t ion  t h a t  a t  low t e m p e r a t u r e s  the  ac t i v i t y  is l inear ly  re la ted  to t he  
oxygen  deficiency is in accord  wi th  these repor ts ,  thus  showing t h a t  adsorbed  
oxygen  species toge the r  wi th  Co 4+ species funct ion as ac t ive  centers  for t he  
ox ida t ion  reaction.  The  onset  t e m p e r a t u r e s  o f  ac t i v i t y  of  these sys tems  are  
p r o b a b l y  connected  wi th  the  charge t rans fe r  process which sets in on ly  when 
the  high spin s t a t e  concen t ra t ion  of  Co 3 + exceeds 65%. I t  is therefore  in teres t -  
ing to reexamine  all the  ca ta ly t ic  ac t iv i ty  results  on rare ea r th  o r thocoba l t i t es  
in t e rms  of  the  spin s t a t e  equi l ibr ium and  charge t ransfer  processes exis t ing in 
these  sys t ems  and  will be t aken  up  subsequent ly .  
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