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FT-IR STUDY OF THE ADSORPTION OF PROPANE AND PROPENE 
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ABSTRACT 

It has been observed on the oxidized v205/ y-Alz03 

that C3H6 form alkoxides which were converted to acetone 

during the desorption of adsorbate phase at 3 7 3  K. C3H8 

may form n-complexes on the reduced form of the same 

catalyst. HoKever, the intensities of the bands in the ad- 

adsorpticjn of CsH8 were very k-eak as compared with the 

case of C3H6 hdsorption. Therefore, it xas no t  reasonable 

to assign these bands clearly as any of the surface type 

species. 

x’ To w h o m  correspondence should be zddressed 
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1 046 YURDAKOC AND HONICKE 

INTRODUCTION 

The elucidation of the mechanism of heterogeneous 

cetalys 

diates 

general 

s requires the knowledge of the nature of interne- 

responsible for the formation of the products. In 

the IR spectroscopic method is one of the most 

powerful techniques for the study of chemisorbed species 

on a catalyst surface. 

The study of the IR spectra of surface complexes of 

propene on various oxide catalyst has already been inves- 

tigated.(1-9) On the other hand, adsorption of propane on 

the oxide catalysts has not been studied in details yet. 

It has been shown that propene forms an alcoholate 

t?-pe complex which is converted to acetone that gives 

enolate-like compounds at elevated temperatures on the 

oxidized surface of V z  05 /y -A1203 catalyst. However, on the 

reduced catalyst k-hich contains mainly V4* and V 3 *  ions, 

CsHs forms n-complexes ; at elevated temperatures and in 

the presence of 0 2 ,  these complexes are converted to 

acrylate-like surface compounds that are stabilized on the 

y -.412 0 3  . ( 3 ,  5 s 6 . 9  ) 

The aim of this work is to elucidate the nature of 

adsorbed propene and especially propane forms on the s u r -  

face of v 2 0 5  / y - . l l i O s  catalyst. 

EXPERIMENTAL 

F o r  alumina-supported \-anadium oxide catalyst, an 

appropriate amounts of Y-Al203 (Ventron, No. 89375) powder 
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ADSORPTION OF PROPANE AND PROPENE 1047 

was a d d e d  t o  a n  a q u e o u s  a l k a l i  s o l u t i o n  o f  ammonium \'aria- 

d a t e ,  Kkhv03 ( M e r c k ,  99% ) .  T h e - s u s p e n s i o n  was e v a p o r a t e d  

w i t h  s t i r r i n g  t o  d r y n e s s .  The r e s u l t i n g  p r o d u c t  was c a l -  

c i n e d  a t  6 2 3  k f o r  6 h .  T h i s  s o l i d  w a s  ground i n t o  a f i n e  

powder and  u s e d  as  a c a t a l y s t .  

The BET s u r f a c e  a r e a  was m e a s u r e d  by n i t r o g e n  a d s o r p -  

t i o n  a t  I 7  I[ i n  S t r o h l e i n  A r e a m e t e r .  The a c t u a l  composi-  

t i o n  of t h e  c a t a l y s t  was d e t e r m i n e d  b y  e n e r g y  d i s p e r s i v e  

X-ray s p e c t r o m e t e r  (EDX) a f t e r  t h e  c a t a l y s t  w a s  p r e s s e d  

o n t o  i n e r t  b o r i c  a c i d  m a t r i x .  X-ray powder d i f f r a c t i o n  

p a t t e r n s  were pe r fo rmed  on  a P h i l i p s  d i f f r a c t o m e t e r  u s i n g  

Cu KO r a d i a t i o n .  

F o r  a d s o r p t i o n  s t u d i e s ,  t h e  c a t a l y s t  powder w a s  

p r e s s e d  i n t o  s e l f - s u p p o r t i n g  d i s c  o f  a n  a p p r o p r i a t e  t h i c k -  

n e s s  and  a c t i v a t e d  by r e c a l c i n a t i o n  a n d  e v a c u a t i o n  gene -  

r a l l y  a t  713 I; i n t o  t h e  I R  c e l l ,  c o n n e c t e d  t o  a vacuum 

d o s i n g  s y s t e m .  The I R  spec t ra  w e r e  r e c o r d e d  " i n  s i t u "  

i n  a c o n v e n t i o n a l  vacuum s y s t e m  by X i c o l e t  60SX Fourier 

T r a n s f o r m  S p e c t r o m e t e r ,  u s i n g  v a r i a b l e - t e a p e r a t u r e  q u a r t z  

c e l l  x h i c h  u a s  c o n s t r u c t e d  a c c o r d i n g l y  i n  Ref .10 .  I n  o r d e r  

t o  o b t a i n  t h e  a d s o r b a t e  s p e c t r a ,  FT-IR s p e c t r u m  of  t h e  

u n l o a d e d  c a t a l y s t  sample wh ich  w a s  r e c o r d e d  a s  r e f e r e n c e  

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

t h e  a d s o r p t i o n  o f  t h e  g a s e s .  

RESULTS AND DISCUSSIONS 

The BET s u r f a c e  a r e a  a n d  t h e  1 ' 2 0 5  c o n t e n t  of c a t a l y s t  

u e r e  200  m * / g  and 10% v205 on  Y - A 1 2 0 3  r e s p e c t i v e l y  . 
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1048 YURDAKOC AND HONICKE 

1300 1200 1100 1000 900 800 700 600 500 400 
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Figure 1. FTIR Spectra of v 2 0 5  and v 2 0 5  /l-A1203 in K B r  

The FTIR spectra of  pure V 2 0 5  and the catalyst in KBr in 

the region 400 to 1300 cm-1 were shok-n in Fig.1. 

Inspection of these spectra shoxed that a sharp band at 

1020 cm-1 due to V=O stretching vibration in pure \ ' 2 0 5  h-as 

absent in the spectrum o f  the catalyst. The catalyst 

exhibits only the bands o f y  -A1203. Results o f  X-ray d i f f -  
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ADSORPTION OF PROPANE AND PROPENE 1049 

f u  

'2'5 

70 60 50 40 30 20 10 
28 1 Grad 

F i g u r e  2 .  X-Ray  Powder D i f f r a c t i o n  P a t t e r n s  o f  \ ' z 0 5 ,  
T - A l 2 0 3  a n d  VzOs / Y - A l 2 0 3  

r a c t i o n  for v205 , T - A l z O 3  a n d  t h e  catalyst were p r e s e n t e d  

i n  Fig.2. 

X-ray pok-der d i f f r a c t i o n  p a t t e r n s  of t h e  c a t a l y s t  shoxed 

o n l y  r - X l z 0 3 .  N o  V 2 0 5  p e a k s  Eere d e t e c t e d  i n  t h e  c a t a l y s t .  

The a d s o r p t i o n  o f  p r o p e n e  a t  2 9 8  K o n  t h e  oxidized 

n o n h v d r a t e d  c a t a l y s t  V 2 O j  / T - A l 2 0 3  ( t r e a t e d  2 h  a t  723 K 

i n  6 0  T o r r  0 2  and e v a c u a t e d  l h  a t  t h e  same t e m p e r a t u r e )  

p r o v i d e d  a d s o r p t i o n  b a n d s  a f t e r  f i r s t  c o n t a c t  ( F i g . 3 a )  a t  
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1050 YURDAKOC AND HONICKE 

2000 I800 1600 1400 1200  1000 

W A V E W B E R  (cm-’) 

Figure 3 .  F T I R  S p e c t r a  of C3H6 Adsorbed on \ ’ 2 0 5  / ?-A1203 
a )  f i r s t  c o n t a c t  b )  2 4  h c )  a f t e r  e v a c u a t i o n  a t  
298 K d )  a f t e r  e v a c u a t i o n  a t  3 7 3  K 
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A D S O W I O N  OF PROPANE AND PROPENE 1051 

1 0 9 5 ,  1 3 7 5 ,  1450 ,  1 6 2 5 ,  1 6 7 0 ,  1 7 1 5  cm-I and a wide unre- 

solved band in the region of G O O  - 1 6 7 0  cm-1 in the IR 

spectrum. 

After 24h from the begining of the adsorption of pro- 

pene, leaded to the increase in the band intensities and 

also the appearance of the bands at 1330, 1250, 1170 and 

1130 cm-1 (Fig. 3 b ) .  Evacuation of the adsorbed phase at 

298 I< in a short time interval had particularly no effect 

on the intensity of the bands but reduced the intensity of 

the 1 6 7 0  cm-1 band (Fig.3~). The absence of absorption 

bands in the spectra of adsorbed propene in the region of 

( C = C )  vhich is at 1638 cm-' in the spectrum of free 

propene, indicates that the chemisorption of propene 

occurs with the opening of the double bond. The absorption 

band at 1095 cm-1 which is not observed in the gas phase 

spectrum of propene, is typical for C - 0  stretching vibra- 

tions in the surface compounds of Me - 0 - R type. This 

indicates the formation of alcoholate type complex on the 

catalyst surface. It is also well known that ketones are 

best characterized by the strong C=O stretching frequency 

absorption near 1715 cm-1. Ketone carbonyls between satu- 

rated hydrocarbon groups absorb strongly at 1725-1705 cm-' 

in most cases. A CH3 group next to the carbonyl has a 

strong band due to symmetric CH3 deformation at 1370-1350 

crn-1, which is lower and more intense than alkane CH3 

g r o u p  absorption. A CH2 group next to carbonyl has a 
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1052 YURDAKOC AND HONICKE 

strong band due to CHz deformation at 1 4 4 0 - 1 4 0 5  crn-1 

which was absent in this case.-The asymmetric C - C - C 

stretching vibration gives rise to a medium intensity band 

at 1 2 3 0  - 1100  c m - 1 .  This band was here at 1 l i O  crn-'. 

Hoxever, at higher temperatures of evacuation (Fig.3d), 

the concentration of alcoholate type complex decreases as 

indicated by the decrease in the intensity of the bands at 

1095, 1330 and 1465 cm-1. On the other hand, an increase 

w a s  observed in the intensity of the bands at 1 2 5 0  and 

1 6 7 0  cm-1. These last two bands, according to references 

6 ~ 9 . 1 1  may be cheracterized the carbonyi stretching vibra- 

tion (1675 cm-') and stretching vibration of C - C ( 1250 

cm-1) which indicated the conversion of alcoholate type 

complex to acetone. The unresolved absorption in the 

1500 - 1670 cm-1 region may be related to the formation of 
acetone and the appearance of products of its dissociation 

on the dehydrated oxidized surface of the catalyst. 

However, the band at 1625 cm-1 might also be charac- 

terized as the C=C stretching frequency absorption. In 

general, the ahsorption at 1640 cm-1 characterizes a n- 

complex, hence fixed propene is not subjected to destruc- 

tive fixation. The formation of this complex is the first 

step f o r  the selective oxidation of propene via a surface 

allyl. This band was also absent in the studies of Davydov 

et al. ( 6  I 9 
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ADSORPTION OF PROPANE AND PROPENE 1053 
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Figure ‘4. FTIR Spectra of C3K8 Adsorbed on v 2 0 5  / Y - A l 2 0 3  
a) first contact b )  2 4  h c) after evacuation at 
298 K d )  after evacuation at 3 1 3  K 

The C=C vibration interacts to some extent with = C H z  

deformation vibration and to some extent with the single 

bond stretching \ribration. The CH2 scissors deformation of 

the vinyl and vinylidine groups give rise to 2 medium in- 

tensity band in the infrared spectra near 1415 cm-l. This 

band uas also absent in this case. Therefore, it xas 

difficult to sa:- the formation of  such a n-complex. This 

band may also be due to 6 (OH) bending vibration of Hz0, 
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1054 YURDAKOC AND HONICKE 

We h a v e  s t u d i e d  a d s o r p t i o n  o f  p r o p a n e  a t  298 I; o n  t h e  

same c a t a l y s t  a t  a p r e s s u r e  o f  a b o u t  3 Torr a f t e r  p r o p e n e  

a d s o r p t i o n  w i t h o u t  a n y  o x i d a t i o n  p r o c e d u r e .  The  o b t a i n e d  

a d s o r b a t e  s p e c t r a  was shown i n  F i g . 4 .  

A f t e r  e x p o s i n g  t h e  c a t a l y s t  t o  p r o p a n e ,  a n y  a t t r i b u t a b l e  

a b s o r p t i o n  band  c o u l d  b e  s e e n  a t  f i r s t  (Fig.4a). T h i s  

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

t h e  c a t a l y s t  w a s  b e a k e r  a s  compared  w i t h  p r o p e n e  a s  f a r  as 

t h e  i n t e n s i t y  o f  t h e  b a n d s  c o n c e r n .  A f t e r  24 h (Fig.4b), 

t h e  b a n d s  a t  1065 1090, 1250, 1365, 1393, 1457, 1510, 

1541, 1560, 1627 a n d  1676 em-' c o u l d  be s e e n .  Hovever o n l y  

t h e  b a n d s  a t  1676, 627 a n d  1065 c m - 1  here  s t r o n g e r  t h a n  

t h e  bands  i n  t h e  r e g i o n  o f  1300-1600 c m - ' .  D i f f e r e n t  t y p e s  

o f  s u r f a c e  c o n p o u n d s  s u c h  as  a R-complex ( b a n d s  a t  1365, 

1457 and  1 6 2 7  cm-1 ) ,  f o r m a t i o n  o f  a n  a l c o h o l a t e  t v p e  

complex t r a n s f o r m i n g  i n t o  a c e t o n e  ( b a n d s  a t  1 0 9 0 ,  1 2 5 0  

and 1 6 7 6  cm-' ) m i g h t  be p r e s e n t  on  t h e  s u r f a c e  of t h e  

c a t a l y s t .  T h e r e  pas  n o t  a n y  d i f f e r e n c e  b e t w e e n  F i g . 4 b  and 

F i g . 4 c .  H o w e \ e r ,  pumpdovn t o  remove  t h e  g a s  p h a s e  a t  3 7 3  K 

l e a d e d  t o  p r a c t i c a l l y  a d e c r e a s e  i n  t h e  i n t e n s i t y  of t h e  

band a t  1627 c m - 1 ,  a n d  a l s o  a p p e a r a n c e  o f  t h e  b a n d  at 1652 

c m - l  w h i c h  v a s  s h o u l d e r  b e f o r e  t h i s  s t a g e .  M e a n k - h i l e ,  a n y  

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

( F i g . 4 d ) .  I t  h a s  b e e n  s t a t e d  t h a t  a t  a p r e s s u r e  o f  abou t  

2 T o r r ( 1 o w  c o v e r a g e )  p r o p a n e  a l s o  a d s o r b s  o n l y  i n  t h e  fo rm 

of  f o r r n a t e  species .  On t h e  o t h e r  h a n d ,  a t  i n c r e a s e d  y r e s -  
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ADSORPTION OF PROPANE AND PROPENE 1055 

sures (high degree of coverage), formation of carboxylate 

structures along with formate species was observed on the 

surface of CuO/MgO catalyst.(I3) The assignment of the 

bands around 1650 cm-1 is rather difficult. This is the 

region of the double bond stretch vibration, b u t  it is 

also assigned to some carbonate structures. The bands at 

1360 and 1580-1590 cm-' were assigned as symmetric and 

antisymmetric vibrations of a COO- group in a formate 

type structure, HCOO- . While adsorption bands at 1450 and 
1540-1560 cm-1 may be due to "S andwas vibrations of a 

COO- in an acetate type of complex, CH3COO- .(I3) 

Thus, we could conclude tentatively that on the oxi- 

dized surface of 1 ' 2 0 5  /Y-A1203 catalyst, in the adsorption 

of propene, even at 298 K ,  a proton is transferred to 

propene forming a surface compound of the alcoholate type; 

with the passage of time o r  with an increase in temperatu- 

re, this complex is converted to acetone. Similar results 

liere a l s o  obtained in the study of the IR spectra of 

propene adsorbed on the oxidized surface of the v 2 0 5  

catalysts by Davydov et a 1 . ( 3 p 5 B 6 . 9 . 1 3 )  

However, in this study, the predominant form of C3He 

adsorption at low temperature might be the formation of 

n-complexes. One of the m o s t  interesting problem here is 

t h e  elucidation of the paths of formation and also conver- 

sion of the surface n-complexes. 
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1056 YURDAKOC AND HONICKE 

Further work to attempt to clarify the nature of ad- 

sorbed propane forms  rjhich appeaF on the surface of vana- 

dium based catalysts is in progress. 
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