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INFRARED PHOTOTHEWAL DEFLECTION SPECTROSCOPY 
O F  CARBON-SUPPORTED METAL CATALYSTS 
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I NT ROD UC T ION 

The i n f r a r e d  ( I R )  s t u d y  of s u r f a c e  species and  

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

m a r k e d l y  to o u r  u n d e r s t a n d i n g  of s u r f a c e  : . i e m i s t r y  

and  h e t e r o g e n e o u s  c a t a l y s i s ,  a n d  a w i d e  v a r i e t y  of 

s o l i d s  h a s  b e e n  e x a m i n e d .  However ,  a n  e n t i r e  c l a s s  

of c a t a l y s t s  c o n s i s t i n g  o f  metal d i s p e r s e d  on c a r b o n  

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

s u p p o r t  absorbs I R  r a d i a t i o n  so s t r o n g l y  i n  e v e n  t h e  

t h i n n e s t  p r a c t i c a l  l a y e r s  t h a t  c o n v e n t i o n a l  I R  

t e c h n i q u e s  f a i l .  A s  I R  d a t a  would  be h e l p f u l  i n  

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

e x p l o r e d  t h e  f e a s i b i l i t y  o f  e x a m i n i n g  
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4 1 6  LOW, MORTERRA, AND SEVERDIA 

carbon-supported ca t a lys t s  w i t h  photothermal beam 

deflect ion spectroscopy (PDS) and describe the f i r s t  

I R  spectra ot surface species on a Ni-on-carbon 

ca t a lys t .  

EX P d R I  MENTAL 

The samples were 50 w t . %  Ni-on-carbon ( N i - C )  

prepared by t h e  controlled charring of 

N i  (NO3) 2-impregnated ce l lu lose ,  followed by 

reduction w i t h  i32 and exposure to CO. 

remained under controlled conditions w i t h i n  a c e l l  

a t  a l l  times. The h i g h  vacuum and other techniques 

conventional to surface s tudies  were employed. 

Prior to  PDS s t u d y ,  the sample c e l l  pressure was 

raised to  1 atmosphere w i t h  pur i f ied N2, a t  room 

temper a t  u r e . 

A sample 

2 The PDS techniques’ and the spectrometer 

employed are described i n  d e t a i l  elsewhere. Spectra 

were recorded a t  a resolution of 8 c m - l  u s i n g  800 

scans. T h e  ordinates  of single-beam, uncorrected 

spectra were marked S. Correction and compensation 

was done by ra t ioing a sample spectrum against  t h e  

spectrum So of a reference carbon. 

S/So of compensated spectra a re  a rb i t r a ry .  

T h e  ordinates  

RESULTS 

I t  is i n s t r u c t i v e  to  examine single-beam spectra 
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PHOTOTHERMAL DEFLECTION SPECTROSCOPY 413 

s u c h  a s  t h o s e  shown i n  t h e  l a r g e l y  s e l f - e x p l a n a t o r y  

F i g .  1 as  w e l l  as  c o m p e n s a t e d  spectra s u c h  a s  t h o s e  

o f  F i g .  2 t o  o b t a i n  a n  o v e r - v i e w  of t h e  d a t a  

o b t a i n a b l e .  T h e  s i g n a l s  o b s e r v e d  w i t h  t h e  N i - C  

samples were a p p r e c i a b l y  weaker and t h e r e f o r e  

n o i s i e r  t h a n  those o b t a i n e d  w i t h  t h e  r e f e r e n c e  

c a r b o n ,  a t t r i b u t a b l e  i n  p a r t  to  t h e  p r e s e n c e  of t h e  

l a r g e  q u a n t i t y  of n i c k e l  a n d  i n  p a r t  to t h e  t e x t u r e  

o f  t h e  samples. The  Ni-C s a m p l e s  were r o u g h l y  

r e c t a n g u l a r  pieces a b o u t  15  x 10 mm w e i g h i n g  a b o u t  

20 mg, w i t h  u n e v e n  s u r f a c e s  so t h a t  t h e  i n t e r a c t i o n  

of t h e  l aser  p r o b e  beam w i t h  t h e  s u r f a c e  was n o t  a s  

e f f i c i e n t  a s  w i t h  t h a t  of t h e  c a r b o n  r e f e r e n c e ,  

w h i c h  was a smooth  b e d  of powder, C o m p a r i s o n  of t h e  

s p e c t r a  of Ni-C c a t a l y s t  w i t h  t h a t  of t h e  r e f e r e n c e  

c a r b o n  s h o w s  t h a t  t h e  ma te r i a l  o n  w h i c h  t h e  N i  was 

d i s p e r s e d  was i n d e e d  a f u l l y - f o r m e d  c a r b o n .  

V a r i a t i o n s  i n  t h e  spec t r a  of t h e  c a r b o n  s u p p o r t  

ma te r i a l  a f t e r  v a r i o u s  s u r f a c e  t r e a t m e n t s  a re  

s i g n i f i c a n t  b u t  n o t  p e r t i n e n t  to t h e  p r e s e n t  report  

a n d  w i l l  be d e s c r i b e d  elsewhere. 

When a Ni -C  sample was e x p o s e d  to  CO a t  room 

t e m p e r a t u r e ,  t h e  n e g a t i v e  a b s o r p t i o n  Of g a s e o u s  CO 

w i t h i n  t h e  sample c e l l  was observed a n d ,  

s i g n i f i c a n t l y ,  a band appeared c e n t e r e d  n e a r  2040 

cm' l .  The  inser t  is  a s c a l e - e x p a n d e d  s e g m e n t  a n d  
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418 LOW, MORTERRA, AND SEVERDIA 

CO chemisorbed on Ni of Ni-C 

) and R 
)ranches 

of CO in cell 

/yz\ Ni-C 

REFERENCE 

atmospheric C02 

3000 2000 1000 CI 

F i g .  1 IR-PDS spectra;  see t e x t .  

s h o w s  t h e  b a n d s  more c l e a r l y .  The 2040 band 

is u n e q u i v o c a b l y  a t t r  i b u t a b l e 3  to  " l i n e a r "  

c h e m i s o r b e d  CO, i . e . ,  s u r f a c e  N i - C - 0  species on t h e  

N i  p o r t i o n  of t h e  c a t a l y s t .  Segmen t s  of c o m p e n s a t e d  
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PHOTOTHERMAL DEFLECTION SPECTROSCOPY 419 

CO CHEMISORBED ON Ni 
OF SOwt%Ni-CARBON 

CO removed . ' I l 1 ' 1 '  

2300 2100 1900 CIT 

F i g .  2 IR-PDS s p e c t r a  of CO chemiso rbed  on Ni-C. 

s p e c t r a  a re  shown i n  F i g .  2. The CO c h e m i s o r p t i o n  

is known to be  s l o w l y  r e v e r s i b l e  so t h a t  when t h e  CO 

p r e s s u r e  was r e d u c e d ,  t h e  band o f  t h e  s u r f a c e  

species d e c r e a s e d  s l i g h t l y  i n  i n t e n s i t y .  When t h e  

c e l l  was e v a c u a t e d  b r i e f l y  t o  torr  to  remove 

r e s i d u a l  g a s e o u s  CO, t h e  r e s u l t i n g  s p e c t r u m  d i d  n o t  

show t h e  a b s o r p t i o n  o f  g a s e o u s  CO and t h e  Ni-C-0 

band was d i m i n i s h e d  b e c a u s e  some CO had been  

d e  sor bed.  
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420 L O W ,  MORTERRA, AND SEVERDIA 

DISCUSS I O N  

The d a t a  shown and o t h e r s  n o t  p r e s e n t e d  p r o v e  

t h a t  i t  is  p o s s i b l e  to o b s e r v e  CO chemiso rbed  on t h e  

Ni -C  c a t a l y s t s ;  w e  have  also made a n a l o g o u s  

o b s e r v a t i o n s  w i t h  Fe-C, Pt-C and Cu-C c a t a l y s t s .  I t  

is wor th  m e n t i o n i n g  t h a t  t h e  p r e s e n t  Ni -C  ma te r i a l  

is a p a r t i c u l a r l y  d i f f i c u l t  s ample  f rom t h e  

s p e c t r o s c o p i c  p o i n t  o f  view b e c a u s e  o f  t h e  

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

t h e  l a r g e  amount of n i c k e l .  I t  mus t  a lso be n o t e d  

t h a t  t h e  a b s o r p t i o n  of t h e  c h e m i s o r b e d  CO is a v e r y  

i n t e n s e  o n e ,  and t h a t  t h e  o b s e r v a t i o n  o f  o t h e r  

s u r f a c e  species w i l l  p r e s e n t  g r e a t e r  d i f f i c u l t i e s .  

Also, s p e c u l a r  r e f l e c t i o n  a f f ec t s  PDS and 

p h o t o a c o u s t i c  s p e c t r a  i n  a t o t a l l y  n e g a t i v e  way so 

t h a t  some band d i s t o r t i o n s  w i l l  o c c u r  w i t h  h i g h l y  

r e f l e c t i v e   sample^.^ 
to  a p p l y  PDS t e c h n i q u e s  to o t h e r  s y s t e m s  so t h a t  s n  

e n t i r e  c lass  o f  c a t a l y s t ,  which I R  s t u d i e s  have  so 

f a r  been  f o r c e d  to n e g l e c t ,  c a n  now be examined .  I t  

s h o u l d  be p o s s i b l e  to examine  g r a p h i t e  i n t e r c a l a t e s  

a s  w e l l  a s  o t h e r  c a r b o n - s u p p o r t e d  c a t a l y s t s  s u c h  as 

HgC12, and to  s t u d y  " s p i l l - o v e r "  e f fec ts  d u r i n g  

adsorp t ion  and c a t a l y s i s .  Also, o u r  e x p l o r a t o r y  

e x p e r i m e n t s  on t h e  i n t e r a c t i o n  of g a s e s  w i t h  Fe-C 

However, i t  seems f e a s i b l e  
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PHOTOTHERMAL DEFLECTION SPECTROSCOPY 4 2  1 

i n d i c a t e  t h a t  t h e  presence of t h e  i r o n  exer t s  a 

marked e f f e c t  on t h e  reactions o c c u r r i n g  on t h e  

carbon, s u g g e s t i n g  t h a t  a p a r t i c u l a r l y  i n t e r e s t i n g  

and r e w a r d i n g  area w i l l  b e  t h e  m e a t l - c a t a l y z e d  

c o n v e r s i o n  of coal. 
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