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INPRODUCTION 

The metal-oxide support i s  known t o  exert a s t rong inf luence  on t h e  a c t i v i t y  
and s e l e c t i v i t y  of heterogeneous CO hydrogenation c a t a l y s t s  (1). Ichikawa 
demonstrated t h a t  c a t a l y s t s  der ived from [Rlq(C0)121 deposi ted o n  b a s i c  MgO produced 
methanol from CO t H2 with >95% s e l e c t i v i t y ,  whereas [Rh4(C0)121 d e r i v e d  c a t a l y s t s  
supported on  more a c i d i c  metal oxides  such as  Y-Al& and Si0  
methane wi th  only t r a c e s  of  oxygenated products  being formed t 2 ) .  
is  c u r r e n t l y  ava i lab le  r e l a t i n g  these  d i f f e r e n c e s  i n  c a t a l y t i c  performance t o  
d i f fe rences  in ca ta lys t  s t r u c t u r e  (3 ) .  
under high-t anperature  CO hydrogenation condi t ions  (275OC, 10 atm) an ionic  osmium 
carbonyl c l u s t e r s  (e.g., [OsloC(CO)2412-) a r e  formed on  MgO from adsorbed 
fR20s(C0)4] (4) .  
Os(I1) snbcarbonyl formation observed under s i m i l a r  condi t ions f o r  osmium c l u s t e r s  
adsorbed on Y - A 1 2 5  and Si02 ( 5 ) ;  t h e  n a t u r e  of t h e  support d i c t a t e s  t h e  sur face  
organometallic chanis t ry .  

[OsloC(C0)23 5- on t h e  surfaces  of conventional MgO-supported CO hydrogenation 
c a t a l y s t s  prepared by aqueous impregnation with [B208C16] ( 6 ) .  
c l u s t e r  is  synthesized i n  high y ie ld  from Os(1V) on MgO exposed t o  CO hydrogenation 
condi t ions.  

produced c h i e f l y  
Only l imi ted  d a t a  

Eowever, i t  was recent ly  demonstrated t h a t  

This f ind ing  i s  i n  c o n t r a s t  t o  t h e  c l u s t e r  f ragmentat ion and 

Rere we resent  t h e  r e s u l t s  of an i n v e s t i g a t i o n  confirming t h e  presence of 

The carb ido  carbonyl 

EXPEBIMENTAL 

The MgO support (MX-65-1 powder, MCB reagents )  was contacted with an aqueous 
s o l u t i o n  of [H20sC16] having s u f f i c i e n t  volume (-2 ml/g) t o  y ie ld  a heavy paste. 
The mater ia l  was dried a t  70OC in vacuum, and t h e  r e s u l t a n t  l ight-blue powder w a s  
analyzed by X-ray f luorescence (XRF) spectroscopy and found t o  contain 1.3 w t  % Os. 

Samples (0.30 g)  of MgO impregnated with [H20SC16] were t r e a t e d  with 82 o r  a €12 
t CO mixture in a tubular  flow reac tor .  
pretreatment  i n  flowing R e  f o r  1 h a t  150OC. 
resu l ted  from reduct ion with E2 a t  275OC and 1 atm f o r  10 h. These c a t a l y s t s  v e r e  
subsequently exposed in-s i tu  t o  H2 t CO ( e q u i m l a r )  a t  275oC and 1 o r  10 a t m  f o r  8 
h. A sample of IH20sC161 and MgO was t r e a t e d  d i r e c t l y  with 82 t CO (equimolar) a t  
275OC and 1 atm f o r  5 h. I n  each case t h e  sealed r e a c t o r  tube was unloaded i n  a dry  
box. The 82-reduced mater ia l s  v e r e  m e t a l l i c  gray a f t e r  exposure t o  CO hydrogenation 
condi t ions;  t h e  sample exposed d i r e c t l y  t o  H2 + CO was reddish-pink. 
employed were Matheson W P  grade and were f u r t h e r  p u r i f i e d  by passage over  a c t i v a t e d  
5 8  molecular s i e v e  and supported Cu20 (H2 and R e  only) .  

The samples were thoroughly d r i e d  by 
Conventional OslMgO c a t a l y s t s  ( 7 )  

The gases  

[Et.@] 2[0sloC(C0)24] was synthesized following t h e  procedure of Eayward and 
Shapley (8) .  
from dry te t rahydrofuran (TEF) so lu t ion .  The r e s u l t a n t  reddish-pink s o l i d  was 
recovered by f i l t r a t i o n ,  washed with f r e s h  TEF, and d r i e d  i n  flowing n i t rogen .  

[ O S ~ O C ( C O ) ~ , J ~ -  from t h e  c a t a l y s t  sur faces  by i o n  exchange. 
t h e  e x t r a c t  so lu t ions  was detected by i n f r a r e d  spectroscopy. 

The metal c l u s t e r  was adsorbed on M g O  ( p r e t r e a t e d  i n  vacuum a t  4OOOC) 

Acetone so lu t ions  of [PpNl [ C l l  (PPNt - N(PPh3)2+) were used t o  e x t r a c t  
[PPNI~[OsloC(CO)23 in 
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Inf ra red  s p e c t r a  were obtained wi th  a Nicolet  7199 Fourier  t ransform 
spectrometer. Powders were pressed, forming self-support ing wafers which were 
loaded (without exposure t o  a i r )  i n t o  a leak-t ight  g l a s s  c e l l  f i t t e d  with N a C l  
windows. The t h e m s t a t e d  c e l l  could be connected t o  a manifold f o r  evacuation o r  
gas treatments. 

U l t r a v i o l e t v i s i b l e  s p e c t r a  of powders under N2 were recorded with a Cary 219 
spectrophotometer equipped wi th  a d i f f u s e  r e f l e c t a n c e  attachment. 

mtended X-ray absorp t ion  f i n e  s t r u c t u r e  (FXAFS) measurements were conducted a t  
t h e  Cornell Eigh  Energy Synchrotron Source (CHESS). [~S~oc(cO)~412- /Mgo formed by 
t h e  €I2 + co reduct ion of OS(IV) on MgO and a sample of [Et4N12[0sloC(C0)241 and MgO 
were examined. 

RFSULTS AND DISCUSSION 

~n t h e  presence of CO or an equimolar mixture  of H2 t CO at 275OC and 1 atm, 
Os(1V) on H g O  i s  reduced and carbonylated t o  y i e l d  [oS10c(cO)2412- i o n i c a l l y  bound 
t o  the M g O  surface.  The formation of [ o s ~ o c ( c o ) ~ 4 ~ 2 -  under these condi t ions  has 
been confirmed by IR, W-Vis, and EXAFS spec t roscopies ,  in addi t ion t o  the  i s o l a t i o n  
of [ P P N ] ~ [ O S ~ O C ( C O ) ~ ~ ]  from t h e  surface by c a t i o n  meta thes is  with [PPNI[Cl] i n  
acetone. 

Treatment of MgO impregnated with [82Osc16] i n  E2 + CO (equimolar) a t  275OC and 
1 atm f o r  5 h in a f l o w  r e a c t o r ,  r e s u l t e d  in a change i n  color  of the  s o l i d  from 
l i g h t  b lue  t o  reddish pink,  i n d i c a t i v e  of t h e  formation of [OsloC(CO)2412-. The 
W-Vis d i f f u s e  re f lec tance  spectrum (200-800 nm) of t h e  product i s  in exce l len t  
agrement  with t h a t  of [Et4N]2[0sloC(CO)241 deposi ted on  MgO from THF. 
of a port ion o f  t h e  mater ia l  with [PPNI[ClI in acetone r e s u l t e d  in  a white s o l i d  and 
a brownish-red so lu t ion .  The inf ra red  spectrum of  t h e  s o l u t i o n  contains  only s t rong 
bands assigned t o  [PPN] 2[0sloC(CO)241 (Table 1 ) .  

&trac t ion  

The synthes is  of [OsloC(CO)24]2- on t h e  M g O  sur face  was a l s o  monitored by -- in-s i tu  i n f r a r e d  spectroscopy.  
i n  flowing 82 + CO a t  atmospheric pressure,  f i r s t  produced Os(I1) subcarbonyls 
("CO = 2105(m), 2030(s), 1936(s) cm-l) on MgO (9) .  
dramatic  increase in absorp t ion  in  t h e  carbonyl s t r e t c h i n g  region,  and a f t e r  1.5 h 
under these  condi t ions  s t rong bands assigned t o  [OsloC(CO)232-/MgO (Table  1 )  were 
present. 
resu l ted  in t h e  formation of t h e  carbido carbonyl c l u s t e r  i n  high y ie ld .  

Slowly hea t ing  a wafer  of [H20SC16] and MgO t o  275OC 

However, near  275OC t h e r e  was a 

A s i m i l a r  experiment conducted using pure  CO instead of H2 t CO a l s o  

TABLE 1 

Molecular Clus te r  vco (cm-1) Ref. 

[PPN] 2[ osloc(co)24l 2034(s), 1992(s) (acetone)  ( 8 )  

~ E ~ ~ N I ~ [ O ~ ~ O C ( C O ) ~ ~ I  2079(vw), 2062(w), 2030(s), 1998(sh), This work 

[OSloC(CO)24]2- from 2104(vw), 2080(w), 2040(s),  1998(sh) This work 

and MgO 1986(sh), 1975(vs), 1966(sh) 

OS(IV) on Mgo 1989(s) ,  1979(sh), 1963(sh) 

Confirmation of t h e  i d e n t i t y  of t h e  sur face  spec ies  was obtained from EXAFS 

Close 
spectroscopy. 
comparison made t o  t h e  spectrum of [Et,@l2[0slOC(CO)2J deposi ted on HgO. 
agreement was found f o r  t h e  EXAFS o s c i l l a t i o n s  above t h e  Os LIII edge Over t h e  range 
of t h e  wavevector from k = 3 t o  1 2  1-1. 
d e t a i l e d  ana lys i s  of  t h e  data. 

The reduct ion  and carbonylat ion were again e f fec ted  in-s i tu  and 

A f i n a l  s t r u c t u r e  determinat ion awaits 
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Even reduct ion  of MgO impregnated v i t h  [H20sC16] v i t h  82 t o  y i e l d  supported Os 
aggregates (7) d i d  not completely i n h i b i t  t h e  formation of [OsloC(C0)24l2-. 
highly s t a b l e  molecular c l u s t e r  vas i s o l a t e d  i n  low y ie lds  by i o n  exchange of 
E2-reduced samples exposed t o  82 + CO a t  275OC and 1 o r  10 atm f o r  8 h. 
presence of  t h e  c l u s t e r  in t h e  l i g h t l y  colored e x t r a c t  so lu t ions  v a s  confirmed by 
inf ra red  spectroscopy. 
c a t a l y s t s  der ived from t h e  decomposition of adsorbed Os3(CO)12 gave evidence f o r  the 
presence of rmlecular  c l u s t e r s  fo l lov ing  use i n  CO hydrogenation t o  produce C1-C4 
hydrocarbons a t  300OC and 7 atm (10). 
t h e i r  used c a t a l y s t s  (Vco = 2080(m), 2048(sh), 2039(s), 2010(sh), 1986(vs), 1950( sh) 
cm-l), v i t h  those of [ O S ~ O C ( C O ) ~ ~ ] ~ - / M ~ O ,  we i n f e r  t h a t  t h i s  molecular  c l u s t e r  v a s  
formed on these  c a t a l y s t s  as vell. 

The 

The 

I n  addi t ion ,  Deeba st. have reported t h a t  MgO-supported 

Comparing t h e  i n f r a r e d  d a t a  reported f o r  

I n  summary, [OsloC(CO)24]2- represents  an ex t rene ly  s t a b l e  molecular s t r u c t u r e  
on the sur faces  of Os/MgO CO hydrogenation c a t a l y s t s .  
support appears t o  be e s s e n t i a l ;  analogous s t r u c t u r e s  do not form on t h e  more a c i d i c  
Y-Alz@ and Si02 sur faces  ( 4 ) ,  and t h e  surface-mediated synthes is  of [OsloC(CO)2412- 
p a r a l l e l s  the  syntheses  of h igh-nuclear i ty  Group VI11 - metal c l u s t e r s  i n  bas ic  
so lu t ion  (11) .  What d i r e c t  r o l e  t h i s  metal c l u s t e r  has i n  t h e  c a t a l y s i s  remains t o  
be elucidated.  

The b a s i c i t y  of t h e  MgO 
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