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Surface chemistry of carbon: an atomistic approach 
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Abstract - The surface chemistry of carbons can be examined from the points 
of view of the organic chemistry or of the structural properties of the materials. 
Referring to (i) reversible and irreversible adsorption of vapours on carbon 
surfaces and (ii) metallic derivates - carbon interactions, it was shown that 
both approaches are complementary. 

INTRODUCTION 

A large variety of carbon materials is industrially produced. For most applications, the 
surface chemistry of the carbons has a major influence on the performance of the material 
e.g. the carbon black dispersions in liquids, the dispersion of metallic compounds on 
carbon surfaces, the adsorption of vapours on activated carbons etc. 

More than twenty years ago, the surface chemistry of carbons, carbon blacks in particular, 
was examined by several groups (ref. 1-3). In all cases the carbon surfaces were examined 
from the point of view of the organic chemistry : carbon and heteroelements, essentially 
oxygen and hydrogen, were considered to form chemical groups such as carboxyl -COOH, 
carbonyl and/or quinone C=O, hydroxyl and/or phenol -OH. Several methods, more or less 
specific of a given functional group or based on differences of acidity were developed 
and successfully used in many applications. 

The utilization of surface chemical groups will be illustrated with two examples concerned 
with reversible (ref. 4-6) and irreversible (ref. 7 )  adsorption. 

The characterization of porous structure of carbons by vapour adsorption may present serious 
difficulties due to the surface chemistry of the studied carbon. To illustrate that diffi- 
culty, we will take an example from the huge contribution of A.V. Kiselev (ref. 4-6) to 
the description of carbon surfaces. 

The adsorption isotherms of benzene and methanol on an initial carbon black and on the 
same carbon after a slight oxidation were measured (fig.1). The methanol isotherm is signifi- 
cantly affected by surface oxidation while the benzene isotherm remains practically unchanged. 
Kiselev concluded that oxidation gives rise to a great number of functional groups on 
the surface, thus sharply increasing molecular adsorption and chemisorption of organic 
bases. 

2 Fig. 1. 
Adsorption isotherms (q  in w o l  /m 
of (a) benzene and (b) methanol on 

( 1 )  original channel black and 
(2) channel black oxidized with 

a mixture of nitric and sul- 
furic acids. 
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I r r e v e r s i b l e  adso rp t ion  is  a l s o  a f f e c t e d  by t h e  chemis t ry  o f  t h e  carbon su r face .  A s  an  
example Pap i r e r  e t  a l .  (ref.  7 )  s t u d i e d  the i r r e v e r s i b l e  adso rp t ion  o f  methanol a t  473 K 
on two carbon b l acks  (Table I)  ; t h e  oxygenated groups  con ten t  was determined by the method 
developed by H.P. Boehm ( r e f .  1) .  

A s  f o r  t h e  r e v e r s i b l e  adso rp t ion  o f  methanol, t h e  i r r e v e r s i b l e  adso rp t ion  depends upon 
chemical groups  con ten t  : t h e  higher t h e  con ten t  per  s u r f a c e  u n i t ,  t h e  h ighe r  t h e  r a t i o  
o f  g r a f t e d  -0-CH groups.  The q u a n t i t a t i v e  i n t e r p r e t a t i o n  g iven  by t h e  a u t h o r s  i s  n o t ,  
however, t o t a l l y  s a t i s f a c t o r y .  Indeed, f o r  both carbon b l acks ,  t h e  s u r f a c e  amounts o f  
g r a f t e d  -0-CH is more than  twice t h e  s u r f a c e  f u n c t i o n a l  groups  as determined from Boehm's 
method. This J e s u l t  shows t h a t  t h e  o rgan ic  approach on carbon s u r f a c e ,  though very  h e l p f u l ,  
may n o t  be enough f o r  i n t e r p r e t i n g  r e s u l t s .  

The work o f  Boehm (ref .  11, Donnet ( r e f .  2 )  and Pur i  ( r e f .  3)  on the chemis t ry  o f  carbons  
were c a r r i e d  o u t  i n  t h e  l a t e  f i f t i e s  and e a r l y  s i x t i e s .  A t  t h e  same pe r iod ,  Ph. Walker Jr. 
and h i s  group were t r y i n g  t o  c o r r e l a t e  s u r f a c e  and s t r u c t u r a l  p r o p e r t i e s  o f  g r a p h i t i z e d  
carbon ( r e f .  8 - 9 ) .  

Graphi t ized  carbons are a n i s o t r o p i c  ( f i g .  2 )  ; t h e  carbon atoms o f  t h e  b a s a l  p l anes  are 
less r e a c t i v e  than  those  o f  t h e  p r i s m a t i c  f a c e s .  I n  a l a r g e  domain o f  exper imenta l  condi- 
t i o n s ,  t h e  d i f f e r e n c e  o f  r e a c t i v i t y  i s  so h igh  t h a t  carbon atoms can be c l a s s i f i e d  i n t o  
r e a c t i v e  and un reac t ive  s i tes .  The e x t e n t  o f  flActive Sur face  Area" ( A  S A ) corresponding  
t o  t h e  area o f  a c t i v e  si tes i s  thought  t o  be a func t ion  o f  such p r o p e r t i e s  o f  carbon as 
c r y s t a l l i t e  s i z e  and o r i e n t a t i o n ,  vacancy concen t r a t ion  i n  the b a s a l  p lane  and impur i ty  
concen t r a t ion ,  t ype  and l o c a t i o n  ( r e f . 8 ) .  
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b a s a l  p l a n e  

TABLE 1 .  Reaction between methanol and 
carbon b l acks  s u r f a c e s  

N2 Oxygenated I r r e v e r s i b l e  
Carbon SBET groups con ten t  g r a f t e d  -0-CH 3 

(m'/g) (group/nm2) ( p e r  n m * )  black 

Monarch 1300" 560 1.45 4 

Mogul L* 138 2.72 6 

* from Cabot Corp. 

e d g e  
p l a n e  

Fig .  2. Graphi te  s t r u c t u r e  

Walker def ined  a procedure t o  de te rmine  ASA of carbons .  After t h e  material was outgassed  
a t  1220 K under vacuum, ASA was determined from t h e  amount o f  s u r f a c e  oxygen complexes 
formed a t  570 K under an i n i t i a l  oxygen p res su re  o f  66.5 Pa. The number o f  oxygen complexes 
can be determined e i t h e r  from t h e  weight up take  o f  t h e  sample o r  by measuring carbon 
monoxide and d iox ide  evolved i n  a subsequent ou tgass ing  a t  1220 K ; it was shown t h a t  
CO and CO are primary s p e c i e s  o f  oxide complexes decomposition ( r e f .  9 ) .  

The ambi t ious  under tak ing  o f  c o r r e l a t i n g  t h e  s t r u c t u r a l  p r o p e r t i e s  o f  d i f f e r e n t  carbons  
t o  t h e i r  ASA could no t  be achieved a t  t h a t  time. The concept  o f  ASA was, however, e x t r e -  
mely u s e f u l  t o  understand t h e  r e a c t i v i t y  o f  carbon m a t e r i a l s .  The d i f f e r e n c e  o f  r e a c t i v i t y  
can be a s c r i b e d  t o  t h e  f a c t  t h a t  d i f f e r e n t  carbons have, i n i t i a l l y ,  d i f f e r e n t  amounts 
o f  a c t i v e  s u r f a c e  a r e a  (ASA) and t h a t  t h e i r  ASA changes t o  d i f f e r e n t  e x t e n t s  w i t h  burn- 
o f f .  

2 

I f  t he  t o t a l  s u r f a c e  a r e a  as determined by g a s  adso rp t ion  i s  quoted TSA, t h e  s u r f a c e  dens i -  
t y  o f  a c t i v e  si tes A* is equa l  t o  t h e  r a t i o  ASA/TSA ; t h e  s u r f a c e  d e n s i t y  o f  a c t i v e  s i tes  
cor responds  t o  t h e  p ropor t ion  o f  s u r f a c e  carbon atoms a c t i v e  accord ing  t o  Walker's method 
w i t h  r e s p e c t  t o  t h e  t o t a l  number o f  s u r f a c e  carbon atoms. 

The v a r i a t i o n  o f  A* w i th  burn-off f o r  d i f f e r e n t  carbons  is i l l u s t r a t e d  on tab le  2. It 
appears  c l e a r l y  t h a t  A* changes sha rp ly  i n  t h e  e a r l y  s t a g e s  and then  remains a lmost  cons- 
t a n t  f o r  a wide range o f  burn-off : af ter  t h e  g a s i f i c a t i o n  o f  the  f i r s t  carbon l a y e r s  
o f  t he  materials, t h e  s u r f a c e  renewed dur ing  t h e  e n t i r e  o x i d a t i o n  e x h i b i t s  t h e  same a c t i v e  
s i t e  d e n s i t y ,  which can be cons idered  as a c o n s t a n t ,  a kind o f  f i n g e r p r i n t  o f  t h e  m a t e r i a l .  

The o rgan ic  chemis t ry  and s t r u c t u r a l  approaches o f  t h e  s u r f a c e  chemis t ry  o f  carbons  have 
been in t roduced  w i t h  a few examples. O f  cou r se ,  a r e l a t i o n  must e x i s t  between both approa- 
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TABLE 2. Var i a t ion  o f  A* wi th  burn-off 

Condi t ions  Burn-off A* 
o f  ox ida t ion  (I) ( Z )  

Graphi t ized  carbon dry  a i r  0 0.1 
b lack  (V3G) 3 1.7 

773 K 10 2 .7  
(HTT 2770 K) 30 4 .3  

50 4 .3  

Material 

Type I carbon f e l t  
(HTT 2270 K) 

dry  a i r  

923 K 
0 3.8  

50 8.0 
17 8 .5  

Coal c h a r  (10)  H 2O /H 2/ A r  0 60 
20 30 

1233 K 40 20 
60 20 
80 20 

Coal c h a r  (11 )  

(HTT 1670 K) 

C02/N2 ( 5  8 )  0 11 
10 8 
30 4 

1223 K 50 4 
75 3 

ches .  It makes sense  t o  cons ide r  t h a t  oxygenated f u n c t i o n s  are formed on a c t i v e  s i tes  
when t h e  carbon material, a f t e r  having been prepared a t  e l eva ted  tempera ture ,  i s  pu t  i n  
t h e  presence  o f  atmosphere a t  lower tempera ture  o r  by ox ida t ion  i n  t h e  l i q u i d  phase.  
I n  t h e  absence o f  d i f f u s i o n  l i m i t a t i o n  o r  s t e r i c  h indrance  a s imple  c o r r e l a t i o n  between 
both  measurements would be expec ted .  P r a c t i c a l l y ,  as poin ted  o u t  by the  two fo l lowing  
examples, t h e  c o r r e l a t i o n  i s  not  s t r a i g h t f o r w a r d .  

The oxygenated f u n c t i o n s  o f  V3G oxid ized  i n  a i r  a t  1473 K have been t i t r a t e d  by c y c l i c  
vo l tamet ry  ( r e f .  12) .  The oxygen s u r f a c e  complexes are mainly quinone and phenol groups  
whose c o n t e n t s  are 20 and 3 peq/g,  r e s p e c t i v e l y .  The t o t a l  chemisorbed oxygen from which 
t h e  ASA is  computed i s  equa l  t o  92 peq/g ; it  thermal ly  deso rbs  mainly as CO and a small 
p ropor t ion  as C02 : t h e  chemical f u n c t i o n s  r ep resen t  one f o u r t h  o f  t h e  t o t a l  a c t i v e  s i tes  
a v a i l a b l e .  

J .  Dentzer ( ref .  13)  measured by NaOH t i t r a t i o n  t h e  a c i d i c  con ten t  o f  Carbolac 1 (ox id ized  
carbon b lack  produced by Cabot Corpora t ion ) .  He found 1.4 peq/g whi le  t h e  va lue  computed 
from ASA is 0.83 meq/g. A s  chemical f u n c t i o n s  are formed on a c t i v e  s i tes ,  t h e i r  con ten t  
might n o t  be h ighe r  than  t h e  va lue  from ASA : it is  expected t h a t  carbon d iox ide  adso rbs  
on t h e  p o l a r  s u r f a c e  o f  Carbolac 1 and is  n e u t r a l i z e d  by NaOH. 

The two previous  examples po in t  o u t  t h e  d i f f i c u l t y  t o  c o r r e l a t e  chemical and s t r u c t u r a l  
c h a r a c t e r i z a t i o n  o f  carbon s u r f a c e s .  Ac tua l ly ,  both approaches must be cons idered  t o  i n t e r -  
p r a t e  i n t e r f a c i a l  behaviour o f  carbon materials as shown i n  t h e  two s t u d i e s  o f  : 

. adso rp t ion  o f  s i l v e r  diammine complexes from t h e  l i q u i d  phase . depos i t i on  o f  ph tha locyanine  from the  g a s  phase.  

1) Adsorption of silver diammine complexes on carbon surfaces 

S i l v e r  suppor ted  b j  carbon s u r f a c e s  can  be used as a c a t a l y s t .  The adso rp t ion  o f  s i l v e r  
p recu r so r ,  Ag(NH ) i n  the  p resen t  c a s e ,  is a s s o c i a t e d  wi th  t h e  r educ t ion  o f  t h e  adsorbed 
s p e c i e s  i n t o  m e d d i c  s i l v e r  by t h e  carbon s u r f a c e  ( r e f .  14, 15 ) .  The morphology o f  the 
s i l v e r  p a r t i c l e s  depends on t h e  adso rp t ion  c o n d i t i o n s  o f  t h e  s i l v e r  complex. Therefore ,  
i t  is o f  i n t e r e s t  t o  unders tand  more p r e c i s e l y  t h e  i n t e r a c t i o n  between the  diammine complex 
and t h e  carbon s u r f a c e .  The adso rp t ion  o f  s i l v e r  on V3G carbon b lack  as a func t ion  o f  
time has  been measured f o r  d i f f e r e n t  l e v e l s  o f  burn-off ( r e f .  16) .  I n  a l l  exper iments ,  
t h e  i n i t i a l  concen t r a t ion  o f  Ag(NH ) NO i n  0.1 N NH was equal  t o  6 mmol / l i t e r .  

S ince  t h e  adso rp t ion  o f  c a t i o n s  r e q u i r e s  i n t e r a c t i o n s  wi th  t h e  s o l i d ,  a r e l a t i o n s h i p  be t -  
ween s i l v e r  adso rp t ion  and t h e  number o f  a c t i v e  si tes o f  t h e  carbon s u r f a c e  should  be 
found. The amount o f  s i l v e r  f i x e d  a f t e r  1 and 24 h o f  adso rp t ion  i s  p l o t t e d  i n  F ig .  3 
as a func t ion  o f  ASA. An almost l i n e a r  r e l a t i o n s h i p  is indeed observed between t h e  amount 
o f  s i l v e r  adsorbed a f t e r  a g iven  per iod  o f  time and t h e  ASA of  carbon. T h i s  r e s u l t  i nd ica -  
tes t h a t  s i l v e r  diammine i n t e r a c t s  wi th  t h e  a c t i v e  sites o f  t h e  carbon s u r f a c e ,  whatever 
the  chemical group. It means t h a t  t h e  i n t e r a c t i o n  is  s p e c i f i c  w i th  r e s p e c t  t o  a c t i v e  sites 
bu t  non s p e c i f i c  w i th  r e s p e c t  t o  t h e  f u n c t i o n a l i t y  o f  chemical groups  o f  the s u r f a c e .  

3 2  3 3 
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24 hours .IS - 
TABLE 3. Adsorption o f  s i l v e r  diammine 

c a t i o n  on Carbolac 1' 

Temperature T o t a l  a c i d  S i l v e r  
o f  p y r o l y s i s  groups  con ten t  

( w / g )  

1400 I n i t i a l  
carbon 

770 K 840 

1070 K 70 

1270 

1090 

925 

from Cabot Corp. 

F ig .  3. Amount o f  s i l v e r  diammine adsorbed af ter  1 and 
24 h as a f u n c t i o n o f  t h e  a c t i v e  s u r f a c e  area o f  V3G. 

Resu l t s  ob ta ined  wi th  V3G can be confirmed with ano the r  carbon s u b s t r a t e  : Carbolac 1 
before  and a f t e r  p y r o l y s i s  a t  high tempera ture  (Table 3). 

The a c i d  f u n c t i o n s  con ten t  as t i t r a t e d  wi th  sodium hydroxide dec reases  wi th  t h e  tempera- 
t u r e  o f  py ro lys i s .  Af t e r  t r ea tmen t  a t  1070 K ,  i t  is  reduced 20-fold whi le  t h e  amount o f  
exchanged s i l v e r  i s  s l i g h t l y  modified.  This  r e s u l t  shows t h a t  t h e  s i l v e r  c a t i o n s  react 
wi th  non a c i d  f u n c t i o n a l  groups.  It is known, t h a t  after thermal  decomposition o f  s u p e r f i -  
c i a l  a c i d  groups ,  t h e  carbon s u r f a c e ,  when pu t  i n t o  c o n t a c t  wi th  t h e  atmosphere,  readsorbed 
oxygen wi th  t h e  format ion  o f  oxygenated complexes- e s s e n t i a l l y  non- a c i d i c  ( r e f .  17 , 18). 
A thermal  t r ea tmen t  o f  Carbolac 1 modi f ies  t h e  n a t u r e  o f  s u r f a c e  f u n c t i o n a l  groups  wi thout  
s i g n i f i c a n t l y  a f f e c t i n g  t h e  number of sites. 

The adso rp t ion  and decomposition o f  s i l v e r  c a t i o n  on V3G and Carbolac l e a d s  t o  t h e  conclu- 
s i o n  t h a t  t h e  adso rp t ion  is n o t  t h e  r e s u l t  o f  a s p e c i f i c  exchange wi th  a g iven  t y p e  o f  
f u n c t i o n a l  group bu t  r a t h e r  wi th  t h e  e x t e n t  o f  a c t i v e  s i tes  whatever t h e  type .  

2) Phthalocyanine deposition from the gas phase 

I ron  phtha locyanine  and polyphtha locyanines  depos i t ed  on carbon e l e c t r o d e s  are e f f i c i e n t  
c a t a l y s t s  f o r  t h e  e l ec t rochemica l  r educ t ion  o f  oxygen i n  metal-air b a t t e r i e s  and a l k a l i n e  
f u e l  c e l l s .  We have s t u d i e d  ( r e f .  19)  t h e  coverage o f  V3G s u r f a c e  by i r o n  phtha locyanine  
(PcFe) .  Experimental  c o n d i t i o n s  f o r  evapora t ion  o f  PcFe a t  750 K and condensa t ion  a t  500 K 
on t h e  carbon s u b s t r a t e  as well as t h e  c h a r a c t e r i z a t i o n  o f  d e p o s i t s  are desc r ibed  else- 
where ( r e f .  19, 20 ) .  I n i t i a l  V3G and V3G g a s i f i e d  t o  50 % burn-off i n  a f low o f  d r y  a i r  
have been used. The i r  ASA va lues  are i n d i c a t e d  i n  t a b l e  2. 

The s u r f a c e  area o f  PcFe as  func t ion  o f  l oad ing  is p l o t t e d  on Fig .  4 .  On t h e  i n i t ' a l  V3G, 
t h e  s u r f a c e  area o f  ZcFe  i n c r e a s e s  only  s l i g h t l y ,  r eaches  a maximum o f  ca. 0.1 m'/m2 f o r  
a load ing  of 1 mg/m and then  s l i g h t l y  dec reases .  The r e s u l t s  f o r  t h e  ox id ized  d39 are 
s t r i k i n g l y  d i f f e r f n t .  The s u r f a c e  area o f  PcFe r eaches  a maximum value  o f  0.25 m /a f o r  
a load  o f  2 mg/m and then  remains cons t an t .  The s u r f a c e  chemis t ry  o f  t h e  carbon d e f i n i t l y  
i n f l u e n c e s  t h e  coverage o f  t h e  s u b s t r a t e .  A few q u e s t i o n s  arises : are both nuc lea t ion  
and growth s t e p s  depending on t h e  s u r f a c e  chemis t ry  o f  t h e  s u b s t r a t e  ; is  t h e  i n f l u e n c e  
o f  s u r f a c e  chemis t ry  s p e c i f i c  o f  a g iven  f u n c t i o n a l  group ? 

I n  F ig .  5 ,  t h e  number o f  PcFe p a r t i c l e s  per  u n i t  area o f  carbon suppor t  is p l o t t e d  ve r sus  
PcFe load ing  f o r  i n i t i a l  and g a s i f i e d  V3G. The e x t r a p o l a t i o n  o f  both cu rves  a t  low load ing  
g i v e s  t h e  same number o f  n u c l e i  f o r  both s u b s t r a t e s .  Therefore ,  t h e  s u r f a c e  chemis t ry  
does no t  i n f l u e n c e  t h e  nuc lea t ion  s t e p .  

In  F ig .  6 ,  we have compared t h e  mean p a r t i c l e  s i z e  as and t h e  mean c r y s t a l l i t e  s i z e  ZB 
(determined by X r a y )  of t h e  suppor ted  PcFe. Without e n t e r i n g  i n  t h e  d e t a i l s  o f  t h e  growth 
mechanism we have desc r ibed  e l sewhere  ( r e f .  1 9 ) ,  i t  can be e a s i l y  no t i ced  t h a t  t h e  s u r f a c e  
a c t i v i t y  o f  t h e  s u b s t r a t e  s t r o n g l y  i n f l u e n c e s  t h e  coa lescence  o f  PcFe p a r t i c l e s .  I n  p a r t i -  
c u l a r ,  t h e  coa lescence  o f  PcFe p a r t i c l e s  i s  prevented on t h e  oxid ized  V3G. 

An impor tan t  po in t  is  now t o  e s t a b l i s h  what prevents  t h i s  coa lescence  . The a c t i v e  s u r f a c e  
area o f  such a carbon is u s u a l l y  covered wi th  oxygen complexes mainly carbonyl  and hydroxyl 
groups  ( r e f .  8 ) .  I ron  phtha locyanine  exchanges coord ina t ive  bonds wi th  a v a r i e t y  o f  molecu- 
les l i k e  py r id ine  and q u i n o l i n e  ( r e f .  2 1 ) .  A complex PcFe-H20 with a bond between t h e  
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2 n .  PcFe par t ic ledm 

5 

1 2 3 
Fig .  4 .  Sur face  a r e a  of PcFe as func t ion  o f  

l oad ing  on V3G ( 0 )  and ac t iva tedV3G ( A ) .  

Fig .  5. Number of PcFe p a r t i c l e s  per u n i t  l 0 l 2  
of  carbon suppor t  as func t ion  o f  PcFe 4 

l oad ing  : V3G ( o ) ,  a c t i v a t e d  V3G (A). 
PcFe loading, mg/m2 

I 
1 3 3 1 

metal atom and t h e  water molecule has  been noted i n  C C l U  ( r e f .  22) and conf i rms  our  
own r e s u l t s  ( r e f .  2 0 ) .  Therefore ,  t h e  h ighe r  s t a b i l i t y  o f  t h e  PcFe p a r t i c l e s  on t h e  
a c t i v a t e d  carbon may o r i g i n a t e  from i n t e r f a c i a l  bonds wi th  t h e  oxygen complexes o f  t h e  
carbon s u r f a c e s  as schemat i ca l ly  drawn i n  F ig .  7. Upon removal of t h e  oxygenated complexes, 
a dec rease  i n  t h e  s u r f a c e  area o f  PcFe may be expec ted .  

2 In  o rde r  t o  v e r i f y  t h i s  p o i n t ,  t h e  oxygen groups o f  t h e  carbon have been removed by H 
t r ea tmen t  a t  1220 K ( r e f .  2 3 ) .  Following t h i s  t r e a t m e n t ,  t h e  carbon was cooled i n  H2 and, 
under t h e s e  c o n d i t i o n s ,  t h e  a c t i v e  s u r f a c e  a r e a  w i l l  be covered wi th  chemisorbed hydrogen. 
Two samples having r e s p e c t i v e l y  14.5 and 26 % PcFe i n  weight ,  have been prepared  wi th  
t h e  hydrogen- t rea ted  he te rogeneous  carbon. The cor responding  s u r f a c e  areas o f  PcFe are 
compared t o  t h e  prev ious  one i n  F ig .  8. It is  seen  t h a t  a f t e r  removal o f  t h e  oxygen comple- 
xes t h e  d i s p e r s i o n  of PcFe dec reases  s i g n i f i c a n t l y  and t h a t  t h e  carbon behaves l i k e  t h e  
i n i t i a l  V3G suppor t .  Therefore  t h e  migra t ion  and t h e  coa lescence  o f  t h e  PcFe p a r t i c l e s  
a r e  cons ide rab ly  lowered by t h e  presence  o f  oxygenated groups which act  a s  "anchors" f o r  
t h e  suppor ted  p a r t i c l e s .  

I n  t h e  case  o f  t h e  coverage o f  carbon s u r f a c e  by phtha locyanine  from t h e  g a s  phase,  t h e  
o rgan ic  chemis t ry  approach of t h e  s u r f a c e  r e a c t i v i t y  combined with t h e  concept  o f  a c t i v e  
s i tes  l e a d s  t o  a good unders tanding  o f  t h e  growth o f  PcFe c l u s t e r s .  

~ 

I ,  nm unact iva tad  carbon 

I 1 

I nm a c t l v r t a d  carbon 

*Fig .  6. 
Comparison between t h e  mean 
p a r t i c l e  s i z e  as ( 0 )  and t h e  
mean c r y s t a l l i t e  s ize  d B  (a) 
of suppor ted  PcFe. 

surface 

Fig .  7 .  I n t e r a c t i o n  between an  oxygen 
complex and a PcFe molecule.  
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Fig .  8. 
Surface  area o f  PcFe suppor ted  on 
t h e  a c t i v a t e d  and hydrogen-treated 
V3G (0) compared t o  t h e  c o r r e s -  
ponding d a t a  on V3G ( 0 )  and a c t i -  
va ted  V3G (4. 

CONCLUSION 

The s u r f a c e  chemis t ry  o f  carbons  can be desc r ibed  i n  terms of  f u n c t i o n a l  groups  wi th  r e f e -  
rence  t o  t h e  o rgan ic  chemis t ry  o r  i n  terms o f  Active S i t e s  which are r e l e v a n t  t o  t h e  s t r u c -  
t u r a l  o rgan iza t ion  o f  t h e  m a t e r i a l .  The second approach which is  r e f e r r i n g  t o  t h e  d i f f e -  
rence  between carbon atoms i n  t h e  b a s a l  p l anes  and i n  t h e  p r i s m a t i c  p l anes  can be conside- 
red  as an a t o m i s t i c  approach o f  carbon r e a c t i v i t y .  

Both approaches a r e  n e c e s s a r i l y  l i n k e d  s i n c e  f u n c t i o n a l  groups  a r e  formed on t h e  a c t i v e  
s i t e s .  The r e l a t i o n ,  however, is  n o t  s t r a igh fo rward  and more has  t o  be done f o r  a b e t t e r  
unders tanding  o f  t h e  r e l a t i o n  between f u n c t i o n a l  groups  and t h e  concept o f  a c t i v e s  sites. 
From t h e  examples g iven  i n  t h e  p re sen t  paper ,  i t  i s  impor tan t  t o  emphasize t h e  need 
t o  app ly  both approaches t o  each problem as i n  some cases a f u n c t i o n a l  s p e c i f i c i t y  
is  requ i r ed  bu t  no t  i n  o t h e r  cases .  This  is  p a r t i c u l a r l y  t r u e  f o r  adso rp t ion  s t u d i e s .  
The ASA concept  appears  p a r t i c u l a r l y  well adapted  t o  e x p l a i n  exper imenta l  r e s u l t s  on carbon 
g a s i f i c a t i o n .  
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