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ABSTRACT 

P r o g r e s s  o n  o u r  i n v e s t i g a t i o n  o f  s u p p o r t e d  b i m e t a l l i c  c a t a l y s t s  a n d  t h e  

d e v e l o p m e n t  o f  t e c h n i q u e s  f o r  t h e  c h a r a c t e r i z a t i o n  o f  s u p p o r t e d  c a t a l y s t s  i s  

r e p o r t e d .  T h r e e  b i m e t a l l i c  s y s t e m s  were  s t u d i e d :  R h - P t ,  Ru-Cu and Rh-Ag .  I n  a l l  

t h r e e  s y s t e m s  o u r  g o a l  h a s  b e e n  t h e  d e t e r m i n a t i o n  o f  t h e  e f f e c t  o f  t h e  s u p p o r t  on  

t h e  k i n d  a n d  d e g r e e  o f  m e t a l - m e t a l  i n t e r a c t i o n .  S m a l l  p a r t i c l e s  o f  E h - P t  a r e  

£ o u u d  t o  b e  e n r i c h e d  i n  Rh on  a l l  s u p p o r t s ,  t h e  d e g r e e  o f  e n r i c ~ n e n t  i n c r e a s i n g  

i n  t h e  o r d e r  Si021<A1203<TiO 2. The k i n d  o f  S i 0 2  u s e d  t o  s u p p o r t  Ru-Cu i s  f o u n d  t o  

h a s t e  a l a r g e  i n f l u e n c e  o n  t h e  c h a n g e  i n  t h e  l i / R u  r a t i o  when  Ru a n d  R u - C u / S i 0 2  

c a t a l y s t s  a r e  c o m p a r e d  a l t h o u g h  t h e  e f f e c t  on  e t h a n e  h y d r o g e n o l y s i s  i s  

c o m p a r a b l e .  F o r  p u r e  Rh s u p p o r t e ~  on  T i 0 2  a n d  r e d u c e d  a t  , h i g h  t e m p e r a t u r e ,  

e z t e n d e d  X - r a y  A b s o r p t i o n  F i n e  S t r u c t u r e  (EXAFS) a n a l y s i s  s u g g e s t s  d i r e c t  l ~ - T i  

b o n d i n g  f o l l o w i n g  a h i g h  t e m p e r a t u r e  r e d u c t i o n .  EXAFS a l s o  i n d i c a t e s  t h a t  t h e r e  

i s  a s t r o n g e r  i n t e x a c t i o n  b e t w e e n  A8 a n d  T i O  2 t h a n  Ag a n d  $ i 0  2 a n d  c l e a r l y  

d e m o n s t r a t e s  t h a t  t h e r e  i s  g r e a t e r  m e t a l - m e t a l  i n t e r a c t i o n  f o r  Rh-Ag s u p p o r t e d  on  

T i 0 2  t~ . an  f o r  R h ' A g  s u p p o r t e d  o n  S i 0 2 .  A f o u r t h  s y s t e m ,  N i M o P / A 1 2 0 3 ~  i s  n o t  a 

b i m e t a l l i c  b u t  was c h o s e n  a s  an  i n t e r e s t i n g  a n d  c o n v e n i e n t  c a t a l y s t  on  w h i c h  t o  

i n i t i a t e  m a g i c  a n g l e  s p r u c i n g  N~R r e s e a r c h .  2~A1 N~R p ~ o v e s  t h a t  f o r m a t i o n  o f  

t h e  s u r f a c e  c o m p o u n d  A 1 2 ( M o 0 4 )  3 on  M o / A 1 2 0 3  i s  i n d u c e d  b y  c a l c i n a t i o n  b u t  on  

N i H o P / A 1 2 0 3  t h i s  c o m p o u n d  f o r m a t i o n  i s  i n h i b i t e d  and  A1PO 4 i s  f o r m e d  i n s t e a d .  
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X ODUC ION 

F i v e  t o p i c s  i n v o l v i n g  the i n v e s t i g a t i o n  of  b ~ m e t a l l i c  suppo r t ed  c a t a l y s t s  or  

the d e v e l o p m e n t  of  p h y s i c a l  t e c h n i q u e s  f o r  t h e i r  c h a r a c t e r i z a t i o n  are  r e p o r t e d  
. 

he re .  ~e have  p r e v i o u s l y  r e p o r t e d  on a meohan i s t i c  s t u d y  o f  h y d r o g e n o l y s i s  o v e r  

Rh-Pt /S iO 2 c a t a l y s t s  [1] .  Th is  p r o j e c t  has now been ex tended  to  i n c l u d e  A I203 

and T i 0 2  s u p p o r t e d  Rh-Pt  c a t a l y s t s  where  our  o b j e c t i v e  was t o  d e t e r m f n e  t h e  

e f f e c t  o f  t he  suppor t  on the  d e g r e e  o f  m e t a l - m e t a l  i n t e r a c t i o n .  P r e l i m i n a r y  work 

[2] on t h e  i n f l u e n c e  o f  p r e p a r a t i o n  v a r i a b l e s  on t h e  d e g r e e  o f  m e t a l - m e t a l  

interaction for the system of Ru-Cu/SiO 2 has been continued giving special 

attention to non--porous silicas and the relation between the change in hydrogen 

c h e m i s o r p t i o n  and e thene  h y d r 0 g e n o l y s i s  a c t i v i t y  when Cu is  added to Ru. Using 

Extended Z-ray Absorptlon Fine Structure (EXAFS) analysis, we believe we have 

produced the first evidence for direct Rh-Ti bondin~ for Rh/TiO 2 catalysts 

reduced at high temperature And that this provides a mechanism for transport of a 

suboxide of titania over the metal particles as proposed in our model for metal" 

o x i d e  i n t e r a c t i o n  in t h e s e  s y s t e m s  [ 3 ] .  In  a d d i t i o n  t o  e a c h  o f  t h e s e  t h r e e  

t o p i c s ,  we w i l l  b r i e f l y  summarize p r o g r e s s  in the d e v e l o p m e n t  o f  two d i f f e r e n t  

experimental approaches for the characterization of bimetallic catalysts, One 

technique involves the detailed analysis of the temperature dependence of the 

Debye-Waller term of the EXAYS interference function to deduce metal-metal 

i n t e r a c t i o n  in  s y s t e m s  where  t h e  n e a r e s t  n e i g h b o r  d i s t a n c e  o f  t he  p u r e  and 

b i m e t a l l i c  a r e  n e a r l y  i d e n t i c a l ,  e . 8 , ,  Rh-Ag. The s e c o n d  t e c h n i q u e  i n v o l v e s  

masic a n g l e  sp inn ing  =~A1 h~R to  i m v e s t i g a t e  a c t i v e  componen t - suppor t  i n t e r a c t i o n  

in NiMoP/A1203 c a t a l y s t s .  

SUPPORT EFFECTS ON Rh-Pt INTERACTION 

F o r  two s e r i e s  "of R h - P t  b i m e t a l l i c s  s u p p o r t e d  on SiO 2, one p o r o u s  and one  

n o n - p o r o u s ,  we found no e v i d e n c e  f o r  s u r f a c e  enr ichment  o f  one o f  the  m e t a l s  [ I ] .  



W h i l e  on t h e r m o d y n a m i c  g rounds  one w o u l d  e x p e c t  the  more v o l a t i l e  m e t a l ,  P t ,  t o  

e n r i c h  t h e  s u r f a c e ,  t h i s  h a s  n o t  b e e n  o b s e r v e d  e v e n  f o r  a m o d e l  s y s t e m  o f  

s u p p o r t e d  b h n e t a l i i c  f i l m s  r e d u c e d  a t  873K [ 4 ] .  However ,  a 48~ Eh/52~ P t  f i l m  

e x h i b i t e d  e n r i c h m e n t  i n  R h b y  a s  much a s  a f a c t o r  o f  3 a f t e r  o x i a a t i o n  a t  873K 

end, once  e s t a b l i s h e d ,  enz i chmen t  was n o t  e a s i l y  r e v e r s e d  b y  s u S s e q u e n t  h e a t i n g  

i n  H 2. T h i s  r e s u l t  s u E g e s t e d  t h a t  one  m i g h t  o b s e r v e  s u r f a c e  e n r i c h m e n t  o f  

b i m e t a l l i c  E h - P t  p a r t i l c e s  if s u p p o r t e d  on o x i d e s  which p r e f e r e n t i a l l y  i n t e r a c t e d  

w i t h  one  o f  t h e  m e t a l s .  To t e s t  t h i s  h y p o t h e s i s ,  we h a v e  p r e p a r e d  R h - P t  

c a t a l y s t s  s u p p o r t e d  on A I ~ 0 3  and  T iO 2 t o  b e  c o m p a r e d  t o  t h e  S i 0 2  s u p p o r t e d  

c a t a l y s t s .  We h a v e  used  the h y d r o g e n o l y s i s  o f  e thane  and o f  i s o p e n t a n e  as t e s t  

r e a c t i o n s  to  p r o b e  the  c o m p o s i t i o n  o f  t h e  s u r f a c e  o f  t h e  m e t a l  p a r t i c l e s .  Both 

r e a c t i o n s  a r e  s t r u c t u r e  s e n s i t i v e .  I n  t h e  c a s e  o f  e t h a n e  h y d r o g e n o l y s i s ,  t h e  

r a t e  on Rh i s  o f  t h e  o r d e r  o f  105 8 r e s t e r  t h a n  on P t  so t h a t  P t  b e h a v e s  a s  a 

r e l a t i v e l y  i n e r t  s u r f a c e  co , ,ponen t .  Thus, f o r  example ,  i f  t he  s u r f a c e  i s  c o v e z e d  

r a n d o m l y  w i t h  h a l f  Eh and h a l f  P t .  one e x p e c t s  the r a t e  to  be  much l e s s  t han  the  

a v e r a g e  o f  t h e  p u r e  Rh and p u r e  P t  c a t a l y s t s  s i n c e  t h e  P t  w o u l d  n o t  o n l y  b e  

r e l a t i v e l y  i n e r t  b u t  would  b r e a k u p  Rh e n s e m b l e s  r e n d e r i n g  them ~ u a c t i v e  a l s o .  In  

f a c t ,  t he  r a t e  o f  e t h a n e  h y d z o g e n o l y s i s  on the  c a t a l y s t s  w i t h  s 1 :1  a tomic  r a t i o  

o f  Rh:Pt  e x h i b i t  r a t e s  which e x c e e d  t h e  a v e r a g e  o f  the  two m e t a l s  on a l l  o f  the  

s u p p o r t s  b u t  t h e  m a g n i t u d e  o f  t h e  r a t e  a p p e a r s  t o  i n c r e a s e  i n  t h e  o r d e r  

S i 0 2 < A 1 2 0 3 ( T i 0 2 .  (The r e s u l t  i n  t h e  c a s e  o f  T i 0 2  i s  c o m p l i c a t e d  b y  t h e  

d e a c t i v a t i o n  o f  t h e  m e t a l s  f o r  h y d r o g e n o l y s i s  b y  t h e  m e t a l - o x i d e  i n t e r a c t i o n  

[3] . )  ~e b e l i e v e  t h a t  t h i s  may be  e v i d e n c e  £o~ a s t r o n g e r  i n t e r a c t i o n  o f  P t  w i t h  

the  o x i d e  s u p p o r t s  than  ~ £o~ Rk which  i n  t u r n  i nduc e s  a s u r f a c e  e n r i c h m e n t  o f  Eh. 

SUPPORT EFFECT ON Ru-Cu INTERACTION 

Our i n v e s t i E a t i o n  o f  Eh-A8 b i m e t a l l i c  i n t e r a c t i o n  l e a d  us  to  a c o m p a r i t i v e  

i n v e s t i g a t i o n  o f  Ru-AE and Ru-Cu [ 5 ] .  I n  t h e  p r o c e s s  o f  t h i s  i n v e s t i g a t i o n  we 
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o b s e r v e d  an u n e x p e c t e d  e f f e c t  o f  s i l i c a ,  texture and a n i o n  of i m p r e g n a t i o n  

s o l u t i o n  e f f e c t  on t he  c h a r a c t e r i s t i c s  o f  Ru-Cu which  has  now been p u b l i s h e d  [ 2 ] .  

W h i l e  the  e f f e c t  o f  added Cu o n  :the ethane  h y d r o g e n o l y s i s  a c t i v i t y  was v e r y  much 

a s  w o u l d  h e v e  b e e n  e x p e c t e d  o n  t h e  b a s i s  o f  S i n f e l t ' s  p u b l i s h e d  w o r k  [ 6 ] ,  

h y d r o g e n  o h e m i s o r p t i o n  was n o t .  In  p a r t i c u l a r ,  i t  ~ a s  o b s e r v e d  t h a t  t h e  

addition of Cu to a 1 wt% Ru catalyst to give a 111 atomic ratio of Ru:Cu at 

c o n s t a n t  Ru l o a d i n g  o f  Ru r e s u l t e d  i n  an i n c r e a s e  i n  t h e  g / R u  r a t i o  w h i l e  

S i n f e l t ' s  work a l w a y s  s h o w e d  a d e c r e a s e  in  H/Ru as  w e l l  as a s u p p r e s s i o n  o f  

e t h a n e  h y d r o g e n o l y s i s  r a t e  To e l u c i d a t e  t h i s  a ! ~ p s r e n t  c o n t r a d i c t i o n  i n  

experimental obersvations, we initiated a comparative study of two non-porous 

silica supports, Cab-O-Sil HS5 which had been used in the original Sinfelt work 

[6] and Cab-O-Sil M5 which had been used in our preliminary s tudy  [2]. 

our results is shown in Table 1 below, 

A p a r t  of 

TABLB 1 

CATALYST ANION OF Ru SUPPORT H/Ru 
C o - I m p r e g n a t i o n  Sequent  i a l  

Ru 

Ru-Cu 

Ru 

Rn-Cu 

Ru-Cu 

Ru 

Rn-Cu 

C1" 

C1- 

NO 3 - 

NO 3 - 

C1- 

C1- 

NO 3 - 

NO 3 - 

Ms 

M5 

M5 

M5 

HS5 

HS5 

HS5 

HS5 

0 . 0 9  

• 0.2.1 

0.16 

0.24 

0 . 2 9  

0.16 

0 . 5 7  

0.50 

0.06 

0.15 

0.26 

~.'. 41 

T h e r e  are  s e v e r s  o b s e r v a t i o n s  w o r t h  n o t i n g .  F i r s t l y ,  the  o n l y  known 

d i f f e r e n c e  between t h e s e  two  s i l i c a s  i s  t h e i r  s u r f a c e  a r e a s  v h i c h  are 200 and 325 

m 2 / g ,  r e p e c t i v e l y ,  f o r  t h e  M5 and t h e  HSS.  The h i g h e r  s u r f a c e  a r e a  s i l i c a  

i 
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r e s u l t s  iu a h i g h e r  d i s p e r s i o n  o f  Ru, an o b e r v a t i o n  c o n s i s t e n t  wi th  t h a t  z e p o r t e d  

when MS ( n o n - p o r o u s ,  200 m2/S)  was compared  t o  D a v i s o n  923 ( p o r o u s ,  600 m ? / g ) .  

A l s o .  t h e  n i t , a t e  a n i o n  o f  t h e  s a l t  Rn(N0)(N03) 3 g e n e r a l l y  g i v e s  a h i g h e r  

d i s p e r s i o n  t h a n  t he  c h l o r i d e  s a l t .  RuC13. H o w e v e r .  t h e  o b s e r v a t i o n  w h i c h  i s  

d i f f i c u l t  to  e x p l a l n  is t h a t  a d d i t i o n  o f  Cu by c o - i m p r e g n a t i o n  on the HS5 s u p p o r t  

d e c e a s e s  h y d r o g e n  c h e m i s o r p t i o n  as one e x p e c t s  i f  Cn c o v e r s  t he  s u r f a c e  o f  Ru 

p a r t i c l e s  as  p r o p o s e d  b y  S i n f e l t  w h i l e  Cu a d d i t i o n  t o  Ru s u p p o r t e d  on M5 

i n c r e a s e s  h y d r o g e n  c h e m i s o r p t i o n .  I n  f a c t ,  we h a v e  f o u n d  t he  l a t t e r  t o  be t h e  

more g e n e r a l  f i n d i n g  which a p p l i e s  n o t  o n l y  to  the  n o n - p o r o u s  C a b - 0 - S i l  M5 b u t  

a l s o  t o  D a v i s o n  62, 923 and 952 s i l i e a g .  However, i t  s h o u l d  a l s o  be no ted  t h a t  

t h e r e  i s  e v e r y  s m a l l  and  s i m i l a r  e f f e c t  o f  Cu on H/Ru u s i n g  s e q u e n t i a l  

i m p r e g n a t i o n  (Ru f i r s t )  on a l l  s i l i c a s  and a l l  s i l i c a  s u p p o r t e d  Ru c a t a l y s t  

b e h a v e  q u a l i t a t i v e l y  t h e  same  when t h e  © f l e e t  o f  a d d e d  Cu on e t h a n e  

h y d r o g e n o l y s i s  a c t i v i t y  i s  measu red ,  i . e . ,  a d d i t i o n  o f  Cu" d r a m a t i c a l l y  r e d u c e d  

the  h y d r o g e n o l y s i s  r a t e  b u t  the a c t i v a t i o n  energy  r e m a i n s  about  con,.~tant a round  

30 K e e l / m o l e  f o r  a l l  c a t a l y s t s .  C l e a r l y  the s i m p l e  p i c t u r e  o f  Cu c o v e r i n g  the  

s u r f a c e  o f  Ru d e c r e a s i n g  t h e  h y d r o g e n  c h e m i s o r p t i o n  c a p a c i t y  and a s i m p l e  

c o r r e l a t i o n  o f  H/Ru wi th  the  b r e a k u p  of  Ru ensembles  n e c e s s a r y  fez  h y d r o g e n o l y s i s  

s i t e s  needs  to  be r e - i n v e s t i g a t e d  in the l i g h t  o f  t h e s e  f i n d i n g s .  

EXAFS OF T i0  2 SUPPORTI~ Rh CATALYSTS 

The d i s c o v e r y  t h a t  g r o u p  V I I i  m e t a l s  s u p p o r t e d  on T i 0 2  [7 ]  and o t h e r  

r e d u c i b l e  o x i d e s ! [ 8 ]  can p r o d u c e  d rama t i c ,  r e v e r s i b l e  e f f e c t s  on cher, l s o r p t i o n  

and  c a t a l y s i s  has  s t i m u l a t e d  w i d e s p r e a d  i n t e r e s t  in  t h e s e  s y s t e m s  [ 9 ] .  T h i s  

e f f e c t  has  been l a b e l e d  a S t r o n g  M e t a l - S u p p o r t  I n t e : a c t i o n  (SNSI), and i n i t i a l  

i n t e r p r e t a t i o n s  a t t r i b u t e d  t h e  c h e m i s o r p t i o n  and  c a t a l y t i c  e f f e c t s  t o  an 

e l e c t r o n i c  i n t e r a c t i o n  [ 1 O ] .  B e c a u s e  o f  the  p a r a l l e l  b e h a v i o r  b e t w e e n  g r o u p  

V I I I - g r o u p  Ib and Rh-T iO  2 i n t e r a c t i o n  e f f e c t s  on s t r u c t n r e - s e n s l t i v e  and  

i 
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s t r u c t u r e - i n s e n s i t i v e  r e a c t i o n s p  we h a v e  p r o p o s e d  a model i n v o l v i n g  m i g r a t i o n  o f  

a ~ e d u c e d  s p e c i e s  o f  t h e  s u p p o r t  o n t o  m e t a l  p a r t i c l e s  ~ h i c h  r e s r ' , ' ~ t s  in  a 

E e o m e t r i c  e f f e c t  a s  w e l l  [ 3 ] .  S e v e r a l  m o d e l  s y s t e m  s t u d . i e s  o f  F e / T i O  2 [ 1 1 ] ,  

N i / T i O  2 [ 1 2 - 1 4 ] ,  P t / T i O  2 [ 1 5 - 1 7 ]  a n d  R h / T i O  2 [ 1 5 , I 8 ]  h a v e  p r o v i d e d  d i r e c t  

p h y s i c a l  e v i d e n c e  f o r  m i g r a t i o n  o f  a ( r e d u c e d )  t i t a n i u m  s p e c i e s  o n t o  m e t a l  

p a r t i c l e s  d u r i n g  h e a t i n g  and r e d u c t i o n  b y  H 2. Such a m i g r a t i o n  c l e a r l y  i m p l i e s  a 

c h e m i c a l  i n t e r a c t i o n  o r  bonding  which  p r o v i d e s  the  the rmodynamic  d r i v i n g  . f o r c e  

f o r  the  movement  o f  t he  t i t a n i u m  e n t i t y  f rom the  s u r f a c e  o f  TiO 2 ~o the  s u r f a c e  • 

o f  t h e  m e t a l  p a r t i c l e .  T h i s  m i g r a t i o n  m u s t  r e s u l t  in  b o t h  a g e o m e t r i c  and 

e l e c t r o n i c  p e r t u r b a t i o n  o f  the  m e t a l  s u r f a c e .  Thus,  two o f  t h e  mos t  i m p o r t a n t  
l 

unanswered q u e s t i o n s  a b o u t  the  SMSI e ~ f e c t  a r e  concerned  w i t h  t h e  n u t u r e  o f  the  

t i t a n i u m  s p e c i e s  w]i£ch m i g t r a t e s  ( m e t a l l i c  o r  o x i d i z e d )  ~ud t h e  k i n d  o f  bond inz  

be tween  t h i s  s p e c i e s  and the  grou~ V I I I  m e t a l .  

We h a v e  s t u d i e s  t h e  m e t a l - o x i d e  i n t e r a c t i o n  as  a f u n c t i o n  o f  r e d u c t i o n  

t e m p e r a t u r e  c f  a c a t a l y s t s  p r e p a r e d  b y  ion  exchange .  The m e t a l  l o a d i n g  measur 'ed 

b y  HC1 e x t r a c t i o n  ahd  a t o m i c  a b s o r p t i o n  was  0 .47~ and t h e  H/Rh c h e m i s o r p t i o n  

measured by  our  s t a n d a r d  p~ocedu~e was 1+0.05119] .  X-Ray a b s o r p t i o n  s p e c t r a  were  

o b t a i n e d  a t  the  C o , n e l l  High Energy  S y n c h r o t o n  Source .  A l l  s p e c t r a  r e p o r t e d  h e r e  

were ob ta ined"  a~ l i q u i d  N 2 t e m p e r a t u r e .  

EXAF$ a b o ~ e  t h e  K e d g e  o f  Eh aC 2 4 . 2 2 4  eV was n o r m a l i z e d  t o  t h e  a t o m i c  

a b s o r p t i o n  c o e f f i c i e n t  o f  Rh a f t e r  s u b t r a c t i o n  o f  t h e  a t o m i c  a b s o f p t l o n  

c o e f f i c i e n t .  The  r e s u l t i n g  i n t e r f e r e n c e  f u n c t i o n  was w e i g h t e d  b y  t h e  w a v e  

v e c t o r  cubed and F o u r i e r  t r a n s f o r m e d  o v e r  ~.he xanse  o f  wave v e c t o : s  3 to  13 A -1. 

The magni tude  o f  t h e  F o u ! i e r  t ~ a n s f o x ~ s  o f  t h e  EXAFS o f  the  o x i d i z e d  c a t a l y s t  i s  

s h o w n ' i n  F~ ~ u r e  1 .  I n  F i g u r e s  2,  3 and  4 we s h o ~  t h e  m a g n i t u d e  o f  t h e  F o u r i e r  

t r a n s f o r m s  a f t e r  i n  s i t u  r e d u c t i o n  a t  494K f o r  90 ra in ,  628]~ f o r  60 rain and 775K 

for 90 rain.  



FIGUBE I 

The EXAFS F o u r i e r  t r a n s f o r m  f o r  the  ion  e x c h a n g e d  Rh/TiO 2 a f t e r  o x i d a t i o n  a t  
673K. 
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FIGURE 2 

The EXAFS F o u r i e r  t r a n s f o r m  f o r  the i o n  exchanged Rh/TiO 2 a f t e r  r e d u c t i o n  
a t  494K for 90  m£n. 
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FIGERF- 3 

The EXAFS F o u r i e r  t r a n s f o r m  f o r  t h e  i on  e x c h a n g e d  R h / T i 0  2 a f t e r  ~ e d u c t i o n  
a t  628K for 60 rain. 
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The EXAPS F o u r i e r  t r s n s f o z ~  f o r  t he  ion  exchanged Eh/TiO 2 a f t e r  r e d u c t i o n  
at  "/'/SK f o r  90 = i n .  
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The m s j o ~  peak in  F i g u r e  1 c o r r e s p o n d s  to  R~-O bond a t  2,05A a f t e r  p h a s e  

c o r r e c t i o n  in  the  c o m p l e t e l y  o x i d i z e d  c a t a l y s t .  However ,  the  peak  a t  abou t  3A in 

F i g u r e  I d o e s  n o t  c o r r e s p o n d  to  R h - 0 - R h .  We a s s i g n  t h i s  p e a k  t o  R h - 0 - T i  

b o n u i n g .  A f t e r  r e d u c t i o ~  a t  48gK a second n e a r e s t  n e i s h b o =  Rh p e a k  a p p e a r s  which 

r e p r e s e n t s  Rh-Rh bonding  a t  2.69A ( a f t e r  phase" c o r x e c t i o n )  grows in  as a r e s u l t  

o f  r e d u c t i o n .  T h i s  i s  the  same bond d i s t a n c e  as found  in  b u l k  Rh m e t a l .  The Rh- 

D-Ti  p e a k  com/01e te ly  d i s a p / ~ e a r s  a l t h o u g h  Rh-O b o n d i n g  i s  s t i l l  ~e~y  pzom~uan t .  

The r e l a t i v e  magn i tudes  u n d e r  t he  Rh-O peaks  in  F i g u r e s  1 and 2 s u s s e s t  t h a t  no t  

more t h a n  one t h l z d  o f  the  Rh h a s  been  ~educed.  T h i s  i s  u n u s u a l  compared to  w e l l  

d i s p e r s e d  Rh s u p p o r t e d  on SiO 2 where c o m p l e t e  r e d u c t i o n  can  be  a c c o m p l i s h e d  a t  

494K. R e d u c t i o n  remain~ i n c o m p l e t e  a t  628K, F i s u r e  3, and t h e r e  i s  e v i d e n ~  the  

d e v e l o p m e n t  o f  a , ~ o t h e r  p e a k  ~s a s h o u l d e r  on t h e  Rh-Rh p e a k  w h i c h  b e c o m e s  a 

d i s t i n c t  peak  a f t e r  r e d u c t i o n  a t  775K, see  F i g u r e  4. We b e l i e v e  t h a t  t h i s  peak  

is due to Rh-Ti metal] ~c bonding. ~sing a Rh-Ti phase estimated on the basis of 

t h e o r y  [ 2 0 ] ,  we  o b t a i n  a b o n d  l e n g t h  o f  Z.63A. B e c a u s e  ~e do n o t  h a v e  a 

r e f e r e n c e  compound s p e c t r u m  and the  Rh-Rh and Rh-T i  p e a k s  o v e r l a p  and c a n n o t  be 

F o u r i e r  £ i l ~ e r e d ~  the  e r r o r  in  the  Rh-Ti  bond l e n g t h  i s  l i k e l y  to  be  r e l a t i v e l y  

l a r g e ,  i . e . ,  +.0.05A i s  p r o b a b l e .  

The Rh-Ti  bond i s  v e r y  s t r o n g  [21] and i~s  f o r m a t i o n  c o u l d  w e l l  p ~ o v i d e  the  

d ~ i v i n g  f o r c e  f o r  t he  m i g r a t i o n  o f  Ti  s p e c i e s  o n t o  Rh p a r t i c l e s .  However ,  o t h e r  

w o r k  s u g g e s t s  t h a t  t h e  s p e c i e s  w h i c h  ] n l g h r a t e s  i s  a s u b - o x i d e  [ 1 8 ] .  A more  

c o m p l e t e  s t r u c t u r a l  a n a l y s i s  w i l l  r e q u i r e  EXAF$ o f  b o t h  Rh and T i  on ~he same 

sample  and p e r h a p s  a d d i t i o n a l  p h y s i c a l  e l ~ a r a c t e ~ f z a t i o n  o f  l o c a l  s t r u c t u r e .  

EXAFS OF TiC 2 SDPPORI~/]D Rh-Ag CATALYSTS 

We h a v e  p ~ e ~ i o u s l y  s t u d i e d  R h - A ~ / S i O  2 [ 2 2 ]  a n d  c o m p a r e d  i t  t o  R h - A s / T i O  2 

[23] '  w i t h  r e s p e c t  t o  the  e f f e c t  o f  the  added g roup  Ib  m e t a l  on the  a c t i v i t y  o f  Rh 

f o r  e t h a n e  h y d r o g e n o y s i s ,  I n  the  case  o f  Rh-Ag/$ iO 2 t h e r e  was v e r y  l i t t l e  e f f e c t  
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the  added Ag on Rh ©thane h y d r o g e n o l y s i s  a c t i v i t y  v h i l e  f o r  Rh-Ag/TiO 2 added  

m a r k e d l y  suppre , . sed  e t hane  h y d r o g e n o l y s i s  a c t i v i t y ,  i . e . ,  t h e  l a t t e r  s y s t e m  i s  

q u i t e  a n s ! o g o u s  t o  Ru-Cu/$i02 [ 6 ] .  We pos~ ,u la ted  t h a t  the  d i f f e r e n c e  be tween Rh- 

AS on S i0  2 and on T i 0  2 was t h e  r e s u l t  o f  AS i s l a n d s  c o v e r i n g  Rh p a r t i c l e s  

s u p p o r t e d  on SiO 2 w h i l e  t h e  Ag s p r e a d  o u t  o v e r  t h e  Rh p a r t i c l e s  when t h e  T i 0 2  

suppor t  was 'used .  

One t e c h n i q u e  which has been  used v e r y  s u c c e s s f u l l y  by  S i n f e l t  and h i s  c o -  

workers  [24,2S] t o  s t u d y  group V I I I - g r o u p  Ib i n t e r a c t i o n s  is  EXAFS. However, in 

e l !  o f  t h e  s y s t e m s  so f a r  s t u d i e d ,  Ru-Cu,  Rh-Cu and Os-Cu '  t h e  two m e t a l s  h a v e  

b e e n  f rom d i f f e r e n t  rows o f  t h e  p e r i o d i c  t a b l e  and h a v e  had s u b s t a n t i a l l y  

d i f f e r e n t  EXAPS p h a s e  s h i f t s  w h i l e  f o r  Rh and A s t h e y  a r e  a b o u t  t h e  same ~20] .  

On th~ o t h e r  hand Rh has a r e l a t i v e l y  h igh  D e b y e - W a l l e r  tempe--ature  (a measure o f  

the r o o t - m e a n - s q u a r e  d i s p l a c e m e n t ) ,  e D = $50K w h i l e  Ag i s  r e l a t i v e l y  low, 0 D -- 

225E [ 2 6 ] .  '.~his s u g g e s t s  t h a t  one m i g h t  be a b l e  t o  d e t e c t  t h e  i n t e r a c t i o n  o f  

t hese  two m e t a l s  by comparing t he  EXAFS magnitude as a f u n c t i o n  o f  t e m p e r a t u r e .  

However,  the  s u r f a c e  D e b y e - W a l l e r  t e m p e r a t u r e  i s  a lways  about  h a l f  t h a t  o f  the  

bn l~ ,  260 and 1-04K r e s p e c t i v e l y  f o r  Eh and Ag, so t h a t  the  magn i tude  o f  the EXAFS 

r a d i a l  d i s t r i b u t i o n  c u r v e  w i l l  d e c r e a s e  wi th  ~ a r * . i c l e  s i z e  anti the t e m p e r a t u r e  

d e p e n d e n c e  may a l s o  v a r y  w i t h  p a _ - t i c l e  s i z e .  The o b s e r v e d  m a g n i t u d e s  i n  

a r b i t r a r y  u n i t s  and t h e  change  i n  t he  EXAltS D e b y e - W a l l e r  t e r m  b e t w e e n  77 and 

2P8~ £o~ t h r e ~  s t a n d a r d s  ( f o i l  and two s u p p o r t s )  f o r  e a c h  m e t a l  and two 

b i m e t a l l i c  c a t a I y s t s  on the two s u p p o r t s  are  p r e s e n t e d  in  T a b l e  2. 

The f i r s t  o b s e r v a t i o n  i s  t h a t  t h e  m ~ g n i t u d e  o f  t h e  f i r s t  n e a r e s t  n e i g h b o r  

peak f o r  e i t h e r  Ag or Rh a t  b o t h  77K and 298K d e c r e a s e s  when the  suppo r t ed  m e t a l s  

are  compar,..d to  the  f o £ 1 s .  This  is  expec t ed  due to the s m a l l  p a r t i c l e s .  In  the  

case  o f  Rh the  magni tudes  are  about  the  same f o r  bo±h s u p p o r t s .  However,  f o r  A~ 

the  magni tude is  s m a l l e r  fo~ Ag/Ti02 ~ e l a t i v e  to  Ag/SIO 2 a t  298E bu t  l a r g e r  f o r  

Ag/Ti02 r e l a t i v e  to Ag/Si01 a t  77K' Th i s  is  a c l e a r  i n d i c a t i o n  t h a t  the  change 
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AG EDGE E~AFS 

TABLE 2 

R~ EDGE EXAFS 

T, K Magnitude % Decrease (~:~s-@~1)xl03 Magnitude % Decrease ( ~ p s - o 7 7 ) x 1 0  

AS F~il R h F o l l  

77 1225 73.1 5.93 2250 43.3 2.14 
298 305 1275 

Ag/Si02 RhlSi02 

77 705 68.1 4.83 990 43.i 2.87 
298 245 ! 544 

A /TiO 2  /T o2 

v7 lO2O v 6 . 7  7 . 5 0  96o 4 1 . 7  2 . s s  
298 238 560 

Rh-Ag/S i0  2 Rh-Ag/$i02 

77 538 68.0  4 .38  970 __ __ 
298 170 

Rh-Ag/TiO 2 Eh-Ag/TiO 2 

77 930 60.2  5.09 1137 55 .6  3.10 
298 370 515 

in the magnitude is sensitive to both the particle size and the metal interaction 

w i t h  t h e  s u p p o r t .  From an i n d e p e n d e n t  m e a s u r e  o f  p a r t i c l e  ~ i z e  b y  X - r a y  l i n e  

broadening, we know that Ag forms smaller particles on TiO 2 than on Si02~ Thus 

the large magnitude for AglTiO 2 at 77K must be a result of the strong interaction 

of  the Ag s m a l l  p a r t i c l e s  w i t h  TiO 2 compensa t ing  f e r  the  f a c t  t h a t  moxe Ag atoms 

a r e  on t he  s u r f a c e  in  s m a l l  p a r t i c l e s .  A d d i t i o n a l  e v i d e n c e  f o r  t h i s  

i n t e r p r e t a t i o n  c a n  be f o u n d  in  t h e  t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  D e b y e - W a l l e r  

term, ~ 1 - o 7 ~ ,  which i s  g r e a t e x  f o r  AE/TiO 2 than  fo~ Ag f o i l .  When the EXAFS o f  

e i t h e r  m e t a l  in  Rh-Ag/SiO 2 i s  compared to  Ag/SiO 2 o r  Rh/SiO 2, b o t h  the  magni tude 

and t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  D e b y e - W a l l e ~  t e r m  a r e  c o m p a r a b l e  fo~ t h e  

b i m e t a l l i c  and t he  pu re  m e t a l s .  Th i s  i s  in marked c o n s t r a s t  to  Rh-As/TiO 2. In  
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t h i s  b i m e t a l l i c  c a t a l y s t  t he  t e m p e r a t u r e  dependence  o f  the D e b y e - W a l l e r  te rm for 

Rh is greater than Rh/TiO 2 or Rh foil, i.e., it is more like A S . At the same 

t i m e  t h e  t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  D e b y e - W a l l e r  t e r m  f o r  Ag i s  l e s s  t h a n  

A g / T i 0 2  o r  AS f o i l ,  i . e . ,  i t  i s  more I i ke  Rh. I n  f a c t  t h e  Ag in  R h - A $ / T i 0 2  h a s  a 

m a g n i t u d e ,  when m e a s u r e d  a t  298E,  w h i c h  i s  g r e a t e r  t h a n  Ag f o i l ,  i . e . ,  i t  

a p p a r e n t l y  has a c o o r d i n a t i o ~  number in  the  s m a l l  p a r t i c l e s  o f  the  c a t a l y s t  which 

e x c e e d s  t h a t  in  t h e  b u l k .  A more r e a s o n a b l e  i n t e r p r e t a t i o n  o f  t h i s  r e s u l t  i s  

t h a t  t he  a v e r a g e  Ag atom in  the  c a t a l y s t  has  s e v e r a l  Rh atoms in i t s  c o o r d i n a t i o n  

sphe re  and Rh i s  a b e t t e r  b a c k s e a t t e r  than  Ag. T h i s  i s  a l s o  c o n s i s t e n t  w i t h  the 

t e m p e r z t u r e  dependence  o f  Ag. The t e m p e r a t u r e  dependence  o f  the a v e r a g e  Rh atom 

s u g g e s t s  t h a t  i s  has  s e v e r a l  Ag atoms in i t s  c o o r d i n a t i o n  s p h e r e .  Our c o n c l u s i o n  

is  t h a t  t h e r e  i s  more m e t a l - m e t a l  i n t e r a c t i o n  be tween  Rh and Ag when s u p p o r t e d  on 

TiO~ than when supported on Si02 and that the Ag is not just chemisozbed on the 

s u r f a c e  o f  ~ p a r t i c l e s  l i k e  Cu in on Ru p a r t i c l e s  [6 ] .  The l a t t e r  c o n c l u s i o n  is 

based on the mutual interaction of the two metals on each others temperature 

dependen t  D e h y e - W a l l e r  te rm.  

2 ~A1 NMR OF N~foP/A1203 CAT'ALYSTS 

High  r e s o l u t i o n  NMR s p e c t r o s c o p y  o f  s o l i d s  i s  no~" a w e l l  r e c o g n i z e d  

s t r u c t u r a l  t o o l  [ 2 7 , 2 8 ]  and  t h e r e  h a v e  b e e n  s e v e r a l  r e c e n t  a p p l i c a t i o n s  t o  

catalysts per Se. Sliehter and his co-workers bare applied ~JsPt NMR to Pt/Al203 

catalysts [29-31] and several groups have investigated ~'Si in zeolites [32-38]. 

The NMR of  ~TA1 in  z e o l i t e s  has a l s o  been examined [39 ,40] .  F o r z e o l i t e s ,  iZ was 

n o t e d  t h a t  3~A1 NMR i s  much more s t r u c t u r e  s e n s i t i v e  t h a n  ~ ' S i  NMR w h i c h  is  

f i r s t  n e a r e s t - n e i g h b o r  d e p e n d e n t  [ 3 9 ] .  S p e c i f i c a l l y ,  A1 c a n  e x i s t  i n  b o t h  

o c t a h e d r a l  and t e t r a h e d r a l  c o o r d i n a t i o n  and ,  when t h e  l i g a n d s  a r e  o x y g e n ,  the  

c h e m i c a l  s h i f t  o f  ~ A 1  d i f f e r s  by  5 5 - 8 0 p p m  f o r  t h e s e  d i f f e r e n t  c o o r d i n a t i o n s  

[ 4 1 , 4 2 ] .  T h u s ,  a~Al  NMR c a n ,  in  p r i n c i p l e ,  be v e r y  u s e f u l  f o r  f o l l o w i n g  t he  
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t e t r a h e d r a l / o c t a h e d r ~ l  r a t i ~  in  a l u m i n a  s u p p o r t s  a s  a f u n c t i o n  o f  t h e r m a l  

t r e a t m e n t  as we w i l l  show b e l o w .  

Even  w i t h  magic  a n g l e  s p i n ,  i n  8 o f  h i g h l y  c r y s t a l l i n e  a - a l u m i n a  (co~undum),  

t h e  NMR l i n e w i d t h  o f  eTA1 i s  q u i t e  b r o a d .  T h i s  w o u l d  l e a d  one tO s u r m i s e  t h a t  i t  

w o u l d  n o t  b e  f e a s i b l e  t o  o b s e r v e  t h e  f o r m a t i o n  o f  s u r f a c e  c o m p o u n d s  o f  t h e  

a l u m i n a  s u p p o r t  o r  a c t i v e  c a t a l y t i c  p h a s e s  s i n c e  t h e  NMR s i g n a l  o f  t h e  s u r f a c e  

p h a s e  would  b e  masked b y  t h e  b u l k  i f  t h e  twe ~ h a s e s  were  o f  c o m p a r a b l e  l i n e = i d t h .  

H o w e v e r ,  we h a v e  d e m o n s t r a t e d  t h a t  t he  s u r f a c e  and b u l k  p h a s e s  o f  a l u m i n a  need  

n o t  h a v e  t h e  s~me l i n e w i d t h .  I n  t he  c a s e  o f  a NiMoP/A1203 h y d r o d e s u l f u r i z a t i o n  

c a t a l y s t ,  a t  l e a s t ,  an A13+ e o n t a i n i u g  s u r f a c e  p h a s e  i s  formed d u r i n g  c a l c i n a t i o n  

w h i c h  can e a s i l y  be  d i s t i n g u i s h e d  f rom Lhe b u l k  7 - A 1 2 0  S s u p p o r t .  

Figure 5 shows the spectra of G, 7, 5 and a aluminas (all except 7 were X- 

ray diffraction standards [43J). These have been referenced to AI2(Mo04) 3 which 

is shifted down-field from A1(H20)8+ by 11 ppm [41]. The 7-A1203 in Figure ~b 

e x h i b i t s  t e t r a h e d r a l  and o c t a h e d r a l  A13+ a t  a b o u t  85 and 11 ppm, r e s p e c t i v e l y .  

T h i s  i s  a s o m e w h a t  l a r g e r  c h e m i c a l  s h i f t  d i f f e r e n c e  t h a n  p r e v i c a s l y  r e p o r t e d  

[ 4 4 , 4 5 ]  b u t  t he  t e t z a h e d r a l  t o  o c t a h e d r a l  r a t i o  i s  a b o u t  t he  1:3 r a t i o  e x t r a c t e d  

[ 4 6 ] .  A p a r t  o f  the  i n t e n s i t y  i s  p r o b a b l y  in  t r a n s i t i o n s  o t h e r  t h a n  ~he - 1 / 2  t o  

1 / 9 ,  and  t h e  a m o u n t  w i l l  d e p e n d  on p u l s e  w l d t h  and  t h e  d i s t o r t i o n  f r o m  i d e a l  

t e t r a h e d r a l  and  o c t s h e d r a l  s y m m e t r y  [ 4 7 ] .  T h u s  i t  m i g h t  n o t  b e  p o s s i b l e  t o  

s i m p l y  o b t a i n  q u a n t i t a t i v e  t e t r s h e d r a l  t o  o c t a h e d z a l  r a t i o s  w i t h o u t  c a r e f u l  

c o n s i d e r a t i o n  o f  t h e  e f f e c t s  o f  p u l s e  wid~-h on t h e  p e a k  i n t e g r a l s .  The a g r e e m e n t  

b e t w e e n  NME m e a s u r e m e n t s  a n d  X - r a y  s t r u c t u r e  p r e d i c t i o n s  o f  t h e  

t e t r a h e d r a l / o c t a h e d r a l  r a t i o s  o f  7 -  and ~-A1203 [45]  s u g g e s t s  t h a t  t h i s  need  n o t  

a l w a y s  b e  a s e r i o u s  p r o b l e m .  I ] o w e v e r ,  t h e  r a t i o s  r e p o r t e d  b y  ~ohn  e t  e l .  [ 4 5 ]  

w e r e  p r o b a b l y  t h e  r e s u l t  o f  s i m i l a r  d i s t o r t i o n s  f r o m  c u b i c  s y s m m e t r y  f o r  a l l  

s i t e s  b e c a u s e  w h e n  t h e  d i s t o r t i o n  i s  v e r y  d i f f e r e n t  a s  i n  

[ ( A l 1 3 0 4 ( 0 H ) 2 5 ( H 2 0 ) l l ] C 1 6 ,  o n l y  the  c e n t r a l  AI -O  t e t z a h e d r o n  was d e t e c t e d  w h i l e  
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the  ~welve  d i s t o r t e d  oc t ahed ra  were n o t  [41] .  In  an oxample o f  aoveze  d i s t o r t i o n  

e f f e c t s  on ~TAI s i g n a l s ,  t he  t e t r a m e r  o f  a luminum i s o p z o p o x i ~ e  which  has a 

c e n t r a l  n o n - d i s t o r t e d  o c t a h e d r a l  A1O 6 u n i t  and th ree  d l s t o z t e d  t e t z a h e d r a l  A104 

u n i t s ,  t he  c o r r e c t  i n t e g r a t e d  i n t e n s i t y  r a t i o  was obse rved  bu t  the  l i n e  width  of  

the  z e t r a h e d r a l  A1 peak was 10 t imes  t h a t  o f  the o c t a h e d z a l  A1 l~eak [48] ,  

The 5-A1203 i s  a lmos t  devo i d  o f  A13+ in t e t r a h e d r a l  s ~ t e s .  ~hat  appears  Zo 

be tvo k inds  o f  o c t a h e d z a l  s i t e s  is  more l i k e l y  the x e s u l t  of  a l a r g e  d i s t o r t i o n  

f r o m  c u b i c  s y m m e t r y  a n d  t h e  l i n e  s h a p e  t h e r e f o r e  r e f l e c t s  

t h e  s t r o n g  q u a d r u p o l e  i n t e r a c t i o n s  [ 4 7 ] .  The a -A1203 ,  o f  ¢ o u ' ~ - ,  has  o n l y  

o c t a h e d r a l  s i t e s  and, excep t  fo r  d somewhat g r e a t e r  wid th  and asymmetry,  e-A1203 

cannot  e a s i l y  be d i s t i n g u i s h e d  from a-Al203 excep t  by i t s  chemica l  s h i f t  (compare 

a and d of l ~ i gu re  5). 

F i g u r e  6 shows t he  ~ A 1  NMR s p e c t r a  o f  t h r e e  c a t a l y s t s  p r e p a r e d  by  

i m p r e g n a t i o n  and c a l c i n e d  a t  9g0K in  a i r .  We ~ e a l i z e  t h a t  t h i s  c a l c i n a t i o n  

t e m p e r a t u r e  e x c e e d s  t h a t  w h i c h  i s  o p t i m u m  f o r  t h e  p r e c u r s o r s  t o  good  

h y d r o d e s u l f u r i z a t i o n  c a t a l y s t s .  H o w e v e r ,  i t  i s  a t  t h i s  t e m p e a ' a t u r e  t h a t  t he  

sharpest NMR s i g n a l s  were  o b t a i n e d ,  and t h e s e  may be r e l a t e d  t o  s u r f a c e  

s t r u c t u r e s  w h i c h  l e a d  to catzlyst d e a c t i v a t i o n .  We hawe u s e d  t h e  compound 

A12(Mo04) 3, F i g u r e  6d, s s  s r e f e r e n c e  b e c a u s e  i t  p r o d u c e s  a s i n g l e  s h a r p  N.~R 

r e s o n a n c e ,  and i t  may be  e x p e c t e d  t o  fo rm when MoO 3 an~ AI203  a r e  h e a t e d  

t o g e t h e r .  The N i M o P / A I 2 0 3 ,  F i g u r e  6a ,  was 3 .1%Ni0 ,  19.8~ MoO 3 and 2.5~ P on T-  

AI203. The Mo/AI203 and Ni/AI203 c a t a l y s t s ,  F igu re s  6b and 6c, were, 18% MoO 3 and 

5.1~ NiO, r e s p e c t i v e l y .  

A c o m p l e t e  X - r a y  s t r u c t u r e  o f  A l l ( M o 0 4 )  3 does  n o t  a]~pear  t o  h a v e  b e e n  

p u b l i s h e d ,  b u t  £ o l d i s h  [49] s t a t e s  t h a t  i t  i s  i s o s t r u c t u r a l  w i th  a l a r g e  c l a s s  o f  

mo lybda te s  and t u n g s t a t e s  of  the scandium t u n g s t a t e  type  and, i n  p a r t i c u l a r °  wi th  

A12(W04) 3 w h i c h  h a s  been  a n a l y z e d  [ 5 0 ] .  T h i s  s t r u c t u r e  c o n s i s t s  o f  W04 

t e t r a h e d r a  and  A106 o c t a h e d r a  w h i c h  e x t e n d  i n t o  an i n f i n i t e  t h r e e - d i m e n s i o n a l  
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"ne twork  by  co~ner  sharLu 8. By oomparin8 the I~R c h e m i c a l  a h i f t  of  A12(lio04) 3, 

l~igure 6d, w i t h  t h a t  of  a -A1203,  F i g u r e  5d. and a l a r g e  number o f  a l u m l n a t e s  wi t~  

b o t h  t e t r a h e d r a l  and o c t a h e d r e l  AI3+ c o o r d i n a t i o n ,  we can u n e q u i v o c a l l y  c o n c l u d e  

t h a t  A I 3 +  in AI2(Mo04)  3 i s  in  a p u r e  o c t a h e d r a l ~ e n v i r o n m e n t .  By a s i m i l a r  

a n a l y s i s ,  we conc lude  t h a t  the  s u r f a c e  compound o£ A13+ formed in the NiMoP/A1203 

c . a t a l y s t  when c a l c i n e d  a t  980K i s  in a pure t e t r a h e d r a l  envixonment .  We a s s i s n  

t h i s  peak t o  AlP04 because  i t  i s  no t  formed in  e i t h e r  Mo/A1203 or Ni/A1203~ the  

~Ip signal develops in paralle! with ~?AI, and the chemical shifts of both ~AI 

and  , 1 p  a r e  i d e n t i c a l  t o  A l P 0 4 .  The Mo/A120 ~ f o r m s  t h e  s u r f a c e  s t r u c t u r e  o f  

A12(Mo04) 3 and the N~R o f  Ni /A1203 c a l c i n e d  a t  980K i s  a lmos t  t h a t  of  7-A1203.  

(The ~ A 1  s i g n a l  o f  T - A 1 2 0 3  u n d e r l i e s  t h a t  o f  t h e  s u r f a c e  compounds in  b o t h  

F i g u r e s  6a and 6b,  b u t  i t s  i n t e n s i t y  i s  so s m a l l  r e l a t i v e  to  the  s u r f a c e  

compounds t h a t  i t  is  l o s t  in the  no i s e . )  Since A12(Mo04) 3 forms on Mo/A1203 bu t  

n o t  on NiMoP/A1203 a t  980K we c o n c l u d e  t h a t  t h e  f o r m a t i o n  o f  A12(Mo04) 3 i s  

p r o b a b l y  i n h i b i t e d  by P, e v e n  t h o u g h  Ni ' s  i n f l u e n c e  r e m a i n s  u n c l e a x .  I f  t h e  

NiMoP/AI203 catalyst is calcined at temperatures above 1000K, the surface 

compound o f  A1PO 4 beg ins  to decompose ,  and a t  s u f f i c i e n t l y  h i s h  t e m p e r a t u r e s ,  a l l  

o f  the  ~o6+ .~.s c o n v e r t e d  to  AI2(Mo04) 3. 

I n  summary,  we e m p h a s i z e  t h a ~  t he  o b s e . ~ v a t i o n  o f  t h e  N~R o f  ~ A 1  (and 

p r o b a b l y  t h a t  of  o t h e r  m e t a l  o x i d e s  s u f f i c i e n t l y  n e a r  t h e  s u r f a c e  t o  be  o f  

c a t a l y t i c  i n t e r e s t  ~eed no t  ~e r e s t r i c t e d  to the c r y s t a l l i n e  a l u m i n o - s i l i c a t e s  

[ 3 2 - 4 0 ] .  ~ h e r e  may be a l a r g e  c l a s s  o f  c a t a l y s t s  w h e r e  t h e  a c t i v e  p h a s e  

s u p p o r t e d  on an oxide may e n t e r  i n t o  chemica l  r e a c t i o n  and many of  these  s u r f a c e  

p h a s e s  may be d i s t i n g u i s h e d  f rom the  b u l k  oxide phase  by NMR. However, ca re  must 

he t a k e n  in  a n a l y z i n g  t h e  r e l a t i v e  amount o f  s u c h  p h a s e s  b a s e d  on a s i m p l e  

i n t e s ~ ' a t i o n  o f  p e a k  a r e a s  u n t i l  a p r o p e r  s t u d y  o f  p e a k  arer .  and shape  as  a 

f u n c t i o n  e x c i t a t i o n  p u l s e  l e n g t h  has been per formed.  
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