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Abstract  

The oxidation behaviour of methanol on platinum at room temperature in a low concentration 
of phosphoric acid ( -~ 5%) has been studied. Voltammetric behaviour in phosphoric acid 
medium is compared with that in perchloric acid. The effect of a bismuth underpotential 
deposition (upd) layer on the oxidation of methanol is also reported. 

Introduct ion  

E l e c t r o c h e m i c a l  ox ida t ion  o f  small  organic  m o l e c u l e s  fo r  fuel-cell  ap-  
p l ica t ions  has  a t t r ac t ed  cons t an t  a t tent ion.  A m o n g  the  va r ious  o rgan ic  fuels,  
m e t h a n o l  has  the  dis t inct ion of  be ing  a s soc ia t ed  with  a h igh  c h a r g e  (viz., 
6 e lec t rons )  dur ing its c o m p l e t e  oxidat ion.  A t t e m p t s  have  been  m a d e  to 
s tudy  the  ox ida t ion  of  m e t h a n o l  on p la t inum in di f ferent  ac ids  [ 1 - 4  ], e spec ia l ly  
p h o s p h o r i c  acid b e c a u s e  o f  its h igh t e m p e r a t u r e  stabili ty.  Usual ly ,  p h o s p h o r i c  
acid  o f  c o n c e n t r a t i o n  as high as  85% is e m p l o y e d  as  the  e lec t ro ly te  in fuel- 
cell s y s t e m s  [5]. In teres t ingly ,  s tudies  [5] on the  ox ida t ion  of  f o rmic  acid,  
an  o rgan ic  fuel  s imi lar  to  me thano l ,  have  revea led  tha t  40% p h o s p h o r i c  acid 
can  yield ox ida t ion  cu r r en t s  h igher  than  those  ob t a ined  f r o m  85% p h o s p h o r i c  
ac id  a t  r o o m  t e m p e r a t u r e .  Hence ,  efforts  to  exp lo re  the  poss ib i l i ty  of  us ing  
still lower  c o n c e n t r a t i o n s  of  p h o s p h o r i c  acid a re  wor thwhi le ,  s ince  mate r ia l  
r e q u i r e m e n t s  of  the  acid  will be  significantly r e d u c e d  and  the  co r ros ive  a t t ack  
will be  lessened .  A s tudy  o f  m e t h a n o l  ox ida t ion  on  po lycrys ta l l ine  p la t inum 
e m p l o y i n g  a low p h o s p h o r i c  acid concen t ra t ion ,  viz., 0.5 M ( = 5 °/0), is desc r ibed  
in this  pape r .  O the r  w o r k  r e p o r t e d  is d i rec ted  t owards  inc reas ing  the  catalyt ic  
act iv i ty  o f  the  e l ec t rode  su r face  t h rough  i n  s i t u  modif ica t ion  of  p l a t i num 
wi th  a n  unde rpo t en t i a l  depos i t i on  (upd)  b i smuth  layer.  It  shou ld  be  no t ed  
tha t  the  p r e s e n c e  o f  u p d  me ta l  l ayers  has  been  found  to  g rea t ly  ass i s t  the  
ox ida t ion  of  fo rmic  acid on  p l a t i num  [6 -8 ] .  

E x p e r i m e n t a l  

A glass  t h r ee - e l ec t rode  cell was  used.  The  work ing  e l ec t rode  was  a 
po lycrys taUine  p l a t i num disc of  a r ea  0 .283  c m  2. The  e l ec t rode  su r face  was  
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pol i shed  by  success ive  appl ica t ion  of  3 /0 ,  4 /0  and 5 / 0  emery  paper ,  degreased  
with ace tone ,  and washed  tho rough ly  with water .  A pla t inum foil was used  
as the  c o u n t e r  e lec t rode .  Cyclic v o l t a m m o g r a m s  were  pe r fo rmed  at 28 +_ 1 
°C using a po t en t io scan  (Wenking,  mode l  POS 73) and an X-Y r eco rd e r  
(Rikadenki,  mode l  RW-201T).  Potent ia l s  were  r e c o r d e d  against  a normal  
ca lomel  e l ec t rode  and are r e p o r t e d  against  the  RHE. The e lec t ro ly te  was  
p r e pa r e d  f rom AR grade  chemica ls  and double-dist i l led water.  

R e s u l t s  a n d  d i s c u s s i o n  

The  cycl ic  vo l t ammet r i c  (CV) behav iour  of  the oxidat ion of  me thano l  
(1 .0  M) in a ve ry  low concen t r a t i on  o f  p h o s p h o r i c  acid (0.5 M) is shown 
in Fig. l (a ) .  Th ree  s tages  o f  ox ida t ion  (I, II, III) -- two during the  anodic  
sweep and  one  dur ing  the  ca thodic  sweep  -- a re  observed.  These  are  ve ry  
similar to  t hose  r epo r t ed  for  the  ox ida t ion  o f  me thano l  in acids such  as 
HC104 and H2SO4 [9, 10] and in 85% (high concen t ra t ion  ~--8.5 M) H3PO4 
[5 ]. The  th ree  s tages  are  a t t r ibuted,  respect ive ly ,  to  the  oxidat ion of  adso rbed  
methanol ,  of  me thano l  f rom the  bulk on  an oxygen-cove red  surface,  and of  
methanol  on  a r e d u c e d  surface.  Subsequen t  d iscuss ion is conf ined to  the  
first s tage of  methanol  oxidat ion.  Fu r the rmore ,  in o rde r  to de te rmine  the 
specific inf luence of  H3PO4, the da ta  are  c o m p a r e d  with those  obta ined  in 
HCI04 of  the  same concen t ra t ion  (0.5 M), see Fig. l (b ) .  

It is found  that  in H3PO4 as  o p p o s e d  to  HCIO4: (i) oxidat ion of  me thano l  
is dec reased ;  (ii) the  peak  potent ia ls  co r r e sp o n d in g  to  the  oxidat ion are  
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Fig. 1. Cyclic voltammograms for oxidation of CH3OH (1 M) on platinum in: (a) 0.5 M HaPO4; 
(b) 0.5 M HC104. Scan rate= 100 mV s -1. 



13 

shifted to more negative values. In an at tempt to understand this difference 
in behaviour, vol tammograms were obtained in the two background electrolytes 
in the absence of methanol  (Fig. 2). Clearly, the oxidation and reduction 
peak currents  are higher in H3PO4. Further, oxide formation and reduction 
are shifted to more negative potentials. This observed difference in behaviour 
between the two acids may arise from the following: (i) the phosphate  anion 
is a good adsorbate [11, 12] while perchlorate anion is practically non- 
adsorbing; (ii) the pH of  0.5 M H3PO4 acid is higher than that of perchloric 
acid of the same concentration,  i.e., 1.54 versus 0.44. Accordingly, a cyclic 
vol tammogram (Fig. 3(a)) was recorded using HCIO4 ( =  0.04 M) with the 
same pH as that of 0.5 M H3P04. It is seen (cf., Fig. 3(a) and (b)) that the 
increase of pH has resulted in an enhancement  of  the oxide reduction peak 
and also in a negative shift of the oxide formation and reduction potentials. 
The change in pH alone does not  seem, however, to be adequate to account  
for the discrepancy in behaviour mentioned earlier. Again, this possibly 
suggests that the adsorption of phosphate  anion may also exert  some influence. 

In another  series of  experiments,  the voltammetric behaviour of platinum 
was studied in phosphoric  acid of concentrat ion between 0.5 and 5 M ( =  5% 
to 50% aqueous solutions). The oxide formation and reduct ion characteristics 
were found to be practically identical except  for  a small positive shift in 
the oxide reduction potential  with increase in acid concentration.  The absence 
of a conspicuous change in behaviour with variation in acid concentrat ion 
(viz., variation in pH), unlike that observed above between perchloric and 
phosphoric acids, suggests the influence of phosphate  anion. The adsorption 
of phosphate anion on platinum surfaces from phosphoric  acid solution has 
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Fig. 2. Cyclic volt3~nmetric behaviour of platinum in: (a) 0.5 M H3PO4 (pH = ].54); Co) 0.5 
M HCIO4 (pH=0.44) .  Scan r a t e = ] 0 0  mV s -1. 
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Fig. 3. Cyclic vol tammetr ic  behaviour  of plat inum in: (a) 0.04 M HC104 (pH = 1.54); (b) 0.5 
M HCIO 4 ( p H = 0 . 4 4 ) .  Scan r a t e = 1 0 0  mV s -~. 

been well reported [12, 13]. Hence, it appears that both the adsorption of 
phosphate anion and the pH value impart appreciable effects on the behaviour 
of oxide formation and reduction on platinum. 

In the light of the above observations, the decrease in peak current 
observed for the oxidation of methanol in phosphoric acid (Fig. 1 (a)) compared 
with perchloric acid, can be expected to result from the adsorption of 
phosphate anion and pH change. Since the oxidation is known to involve 
adsorbed methanol, competitive adsorption of phosphate anions may result 
in decreased methanol coverage and, consequently, a decrease in peak current. 
Further, such a decrease can also arise on account of the higher pH of 
phosphoric acid, since increase in pH is known to decrease the rate of 
methanol oxidation [ 14 ]. 

It is interesting to note that the peak current for the oxidation of methanol 
in 0.5 M H3PO4 as revealed by the present studies is slightly higher than 
that reported [5] for the methanol oxidation in 85% H3POa. This establishes 
clearly the efficiency of 0.5 M HaPO4 as an electrolyte for methanol oxidation. 

The addition of a small quantity of Bi 3 ÷ is found to enhance the oxidation 
of methanol (cf., Fig. 4(b)). This improvement in activity can be expected 
to result from modification of the platinum surface through a bismuth upd 
layer, as evidenced by a characteristic peak in the potential range of + 0.78 
to 0.48 V versus RHE (cf., Fig. 5). The latter agrees very well with the 
expected upd behaviour of bismuth on platinum in perchloric acid [15]. The 
enhancement  of catalytic activity through upd adatoms observed in the present 
studies is rather marginal compared with that obtained for formic acid in 
similar acidic media [5]. 

It is relevant to note that in other acidic electrolytes, the catalytic 
influenCe of upd layers on methanol oxidation is also reported [16] to be 
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Fig. 4. Cyclic voltammograms for oxidation of CHsOH (1 M) on platinum in: (a) 0.5 M H3PO4; 
(b) 0.5 M H~PO4 containing 10 -5 M Bi 3+. Scan ra te=  100 mV s -1. 
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Fig. 5. Cyclic voltammetric behaviour of platinum in 0.5 M HaPO4 containing 10 -5 M Bi z+. 
Scan r a t e=100  mV s -1. 

very small. This appears  ra ther  surprising since upd modification is known 
to impart very high catalytic activities to platinum for the oxidation of  organic 
materials such as formic acid. Hence, further studies in this direction are 
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n e e d e d  t o  p a v e  t h e  w a y  f o r  e n h a n c i n g  t h e  c a t a l y t i c  a c t i v i t y  o f  p l a t i n u m  f o r  

m e t h a n o l  o x i d a t i o n .  

Conclus ions  

1. L o w e r  c o n c e n t r a t i o n s  ( 0 . 5  M) o f  p h o s p h o r i c  a c i d  fo r  m e t h a n o l  o x i d a t i o n  
y i e l d  c u r r e n t s  t h a t  a r e  c o m p a r a b l e  w i t h  t h o s e  r e s u l t i n g  f r o m  t h e  u s e  o f  h i g h  
a c i d  c o n c e n t r a t i o n  ( 8 5 % )  h i t h e r t o  r e p o r t e d  a t  r o o m  t e m p e r a t u r e  ( 2 9 3  K). 

2.  A d d i t i o n  o f  a s m a l l  q u a n t i t y  o f  b i s m u t h  ( t h a t  f o r m s  a b i s m u t h  u p d  
l a y e r  o n  p l a t i n u m )  i m p a r t s  o n l y  a m a r g i n a l  i n c r e a s e  in t h e  c a t a l y t i c  a c t i v i t y  
o f  p l a t i n u m  fo r  t h e  o x i d a t i o n  o f  m e t h a n o l  in  HaPO4. 

3.  T h e  o b s e r v e d  d e c r e a s e  in  c u r r e n t s  f o r  m e t h a n o l  o x i d a t i o n  in  0 . 5  M 
p h o s p h o r i c  a c i d  c o m p a r e d  w i t h  t h o s e  in  0 .5  M p e r c h l o r i c  a c i d  m a y  b e  
a t t r i b u t e d  t o  a d s o r p t i o n  o f  p h o s p h a t e  i o n s  a n d  c h a n g e  in  pH.  
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