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The etch decorat ion- t ransmiss ion e lect ron
microscopy technique (EDTEM),  f i rs t  developed by
Henning [ l ] ;  has 'been used to obta in important
resu ' l ts  in  advancing our  understanding on the
kinet ics and mechanisms of  the gas-carbon react ions,
by  Henn ig ,  f homas ,  e t  a l .  [ 2 ] ,  Fea tes ,  e t  a l .  [ 3 ]
and more recently in this laboratory [3,4].

Both 0, and C0, cneate round pits on the
basal  p lane'of  graphi te.  In terpretat ion of  the
rates on these reactions have been made [3,4].

The C-H20 reaction produced hexagonal pits,
bounded by zig-zag faces. The turnovér f¡tquepcies
for  the^react ion C + Hro *  C0 + Hr at  700",800"
and 900-C are shown in 'F igure l .  'These were rates
with no hydrogen added. lr| i th added hydrogen in the
gas phase,  the react ion rates were substant ia l ly
lowered. The rate equation fitted by the turnover
rate data was:

show that  the d lssociat ive chemisorpt ion of  H'
t ak ing  p lace  p re fe ren t i a l l y  on  z ig - zag  faces ' (as
opposed to armchair  faces) ,  p lays a key ro ' le  in
the C-H,O react ion mechanism. Before a deta i  led
discussTon of  these exper iments,  the resul ts  are
sumnar ized below:

l .  The C+C0" react ion wi th added H":  Wi th t race-amounts '@ etch pits a1l
became hexagohal bounded b! zig-zag faces. The
C+CO, react ion was st rongly lnhib i ted by H2.

2. Mixed ¡qaglip¡s wi!! 9Q2 and H2!: The etch pits
ff ied-5t?ig-zas faces,
ln  both of  the fo l lowing react ion sequences:
f i rs t ,  e tching by C0,  fo ' l ' lowed by HrO; and.  in
the reverse order.

I t  has  l ong  been  known  tha t ,  qua f i t a t i ve l y ,
the inhib i t ion of  the C+Hr0 react ion by H,  is  much
stronger than that of the-C+C0z react' lon 'by C0.
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where  ̂n=0.50 at  ZOOoCl n=0.85 at  8000C; and n=l .0
at  900-C.

The fo l lowing nnchanism, l .4echanism B,  was pro-
posed forr the rate equat ion in  which n=l :

c+H20í  c(O)+H'  (2)
-  J l

'i r
C (0 ) * -6s  (3 )

whereas another mechanism, lt lechanism C, was pro-
oosed for  the case when n=0.5:

l ¡

c+H2o* c(o)+H2

- 1 2
c4 nr? c(H) (5)

-  ' J t

i "  -

c(0)- [s  (3)

I t  shou' ld  be pointed out  that  the values of  i " ,
ca lculated f rom data for  the seDarate react ions
w i th  COo  and  HoO,  we re  su rp r i s i ng l y  c l ose  [3 ] .
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Using the EDTEM technique,  s t rong evidence has
been provided by several independent experiments to

t t  ? w  ,  A I M - '

Fig.  1.  Turnover f requencies of  the C-H20 react ion
a t  7000C(0 ) ;8000C(v )  and  9000C-  ( t r ) ,
wi th no hydrogen added.
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The work by Biederman,  et  a l .  [5 ]  fur ther  showed
that  H,  has a very st rong inhib i t ion ef fect  on the
C+C0e ' react ion,  The proposed mechanism for  the
reac t i on  c+c0c+H,  i s :  Reac t i ons  (2 ) ,  ( 5 ) ,  ( 3 ) ,  (Mech -
a n i s m  D ) .  ¿  '

I t  is  seen that  the inhib i t ion by C0 and that
by H,  are ent i re ly  d i f ferent  in  nature;  but  the
inhib i t ions by Ho in the react ions C+CO, and C+H"0
seem to be the sáme (conpared MechanismÍ C and Df.

As mentioned, the reaction C+Coz produces
round p i ts  [3,4] .  However,  wi th the-addi t ion of
H,  fn the gas phase,  the p i ts  became hexagonal ,
ahd their growth rate nas substantially ' lowered.

The turnover frequency at 7OO0C, i¡ lowered
by,H,  f ron the Hr- f ree value of  0.51 s- '  to  0.048
s-r  -  This  s t rohg inhib i t ion was apparent ly  caused
by the d issogiat ive chemisorpt ion

,  t z
c+* x" l -  c(x) (o)¿  ¿ :u z

Fron the rate data, the adsorpt ion constant is,  at
700"c,

i ^
K = + =s6 atn-1/2 (7)

r 2

The above results further indicated that the
dlssoclativg chenlsorption was preferred on the
zig-zag {1010} face,  which caused the change of  ¡he
pi t  confonnat ion.  In  other  words,  the K value
shovrn in Eq. 7 !{as for z1g-zag face, which was
higher than that on the armchair face. The stronger
chem' isorpt ion on the z ig-zag face would resul t  in
the observed anisotropy in  react iv i t ies between
the two edge planes

The rate of the reaction C+COZ+HZ .ls

kr  Pco.
R a t e -  r - - ; /  -  ( 8 )

'I + k 2P C0+ k 3PC O rrUl'r'

as can be derived from Mechanism D.

Our data on the ef fects of  H,  inh ib i t ion on

the C+HrO react ion y ie lded the fo l lowing value
the  i nh lb i t i on  cons tan t  [ 3 ] :

, / 2
kr=i r / j r=71 arn '

Thls value,  according to Mechanism C, would be the
dissociat ive chemisorpt ion constant  of  H,  on the
zig-zag face.  Compar ison of  the values fn Eqs.7
and 9, obtained from two independent experiments,
was indeed sat is factory.

Another conclusion ray be drawn from the
above r€sults regarding the mechanism of the
C+H20 y€act ion wi th no added H2 in the gas ohase
( i . é . ,  P ¡29  =  0 ) .  The  p i t s  e t ¡hed  by  H20  (w i t h
PHrO = 0)-are a lso hexagonal  wi th z ig-zág faces.
Sihce this hexagonal confonnation appears to be
caused by chemisorbed hydrogen on the zig-zag
faces,  the mechanism for  the C+H20 react ion
should be rpne neasonably writteñ as:

C¡+Hro + C(0)+2s1¡¡

2C(H )icr+tt,

C (0 )'CO
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