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ABSTRACT 
I n v e s t i g a t i o n s  by FEM, UHV-SEM, and high r e s o l u t i o n  scanning AES i n d i c a t e  t h e  

format ion of two types  of g r a p h i t e  i s l a n d s  on P t .  One forms a t  low temperatures  
(- 870 K t o  - 1150 K) i n  t h e  high M i l l e r  index a r e a s  a t  t h e  e x i t  po in t  of d i s loca -  
t i o n s ,  t h e  o t h e r  grows f a c e  s p e c i f i c a l l y  above 1150 K i n  t h e  a r e a  of {110}. The 
growth r a t e  i n  t h e  v i c i n a l  a r e a  of {1101 i s  determined by t h e  m i s f i t  p a r a l l e l  t o  
the-respectivd s t e p  edges. The alignment of g r a p h i t e  {OOGl) on P t{ l lO)  i s  g r a p h i t e  
<1120> I/ Pt<l lO>,  which is i n  agreement wi th  t h e  c a l c u l a t e d  o r i e n t a t i o n  of 
sma l l e s t  e p i t a x i a l  m i s f i t .  

Carbonaceous over l ave r s  on t r a n s i t i o n  metal  c r y s t a l s  p lay  a n  i a p o r t a n t  r o l e  i n  
heterogeneous c a t a l y s i s .  The over l aye r  carbon can e r i s t  i n  two s t a t e s :  

i )  t h e  c a t a l y t i c a l l y  a c t i v e  "carbidic  carbon" and 
i i )  t h e  " g r a p h i t i c  carbon", which a c t s  a s  a  c a t a l y s t  poison 11-31. 
S i n r e  t h e  apex a rea  of f i e l d  e m i t t e r s  is  well s u i t e d  t o  model l a r g e r ,  rounded 

c a t a l y s t  c r y s t a l s ,  t h e  f i e l d  emiss ion microscope (FM) was used t o  s tudy  che proper-. 
t i e s  of carbon on platinum. 

2. EXPERIMENTAL PROCEDURE 

I n  t h e  p resen t  i n v e s t i g a t i o n s ,  p r imar i ly  t h e  FEM was u t i l i z e d .  Its set-up a s  
we l l  a s  t h e  exper imental  procedures have been desc r ibed  i n  d e t a i l  i n  r e c e n t  papers  
/4 ,5 / .  Add i t iona l  s t u d i e s  were c a r r i e d  o u t  wi th  a  h igh  r e s o l u t i o n  scanning Auger 
nicroprobe (Physical E l e c t r o n i c s ,  Model 595) wi th  scanning e l e c t r o n  microscope (SEN) 
c a p a b i l i t i a s .  During a l l  experiments,  t h e  r e s i d u a l  gas  p r e s s u r e  was i n  t h e  10--1° t o  
10-'I1 Torr  range. The e m i t t e r s  were prepared f r o n  99.999% pure  platinum wi res  (Sig- 
mund Cohn Corporation [SCC] and N a t e r i a l s  Research Corporat ion [MKC]), by e l e c t r o -  
l y t i c  e t ch ing  I n  an aquecus s o l u t i o n  of KCN. 

3 .  EXPERIMENTAL RESULTS 

When e l e c t r o p o l i s h e d  and UW annealed platinum e m i t t e r s ,  which i n i t i a l l y  showed 
an  ?EM-clean s u r f a c e ,  a r e  annealed t o  about 870 K ,  s t r o n g l y  emi t t ing  i s l a n d s  form 
1-andom1.y i n  t h e  high M i l l e r  index a r e a s .  The i s l a n d  d e n s i t y  i s  3 X 10' cmd2. Upon 
f u r t h e r  hea t ing ,  t h e  i s l a n d s  grow and t h e  i s l a n d  d e n s i t y  dec reases  t o  about 2 X l o 7  
cm-< m e n  t h e  temperature  is r a i s e d  i n  s h o r t  anneal ing s t e p s  (anneal ing time 30 s ) ,  
t h e  i s l a n d s  d i s s o l v e  a t  about 1150 K, and f a c e  s p e c i f i c a l l y  adsorbed, s t r o n g l y  emit- 
t i n g  i s l a n d s  form i n  t h e  v i c i n a l  a r e a  of {110}. A t  a n  e a r l y  s t a g e ,  t h e s e  f a c e  
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s p e c i f i c  i s l a n d s  grow p r e f e r e n t i a l l y  a long  t h e  <112> and t h e  < loo>  zone. The f a s t e r  
growth a long  t h e  <112> zone g i v e s  t h e s e  i s l a n d s  a  dumbel l - l ike  appearance .  With 
i n c r e a s i n g  tempera ture ,  growth o c c u r s  i n  t h e  o t h e r  v i c i n a l  a r e a s  ( i n c l u d i n g  t h e  
<loo> zone) and on t h e  unstepped { I101  p l a n e  i t s e l f .  The (110)  l a y e r s  may become 
r e l a t i v e l y  l a r g e  i f  t h e  growth c o n d i t i o n s  a r e  f avo rab le .  They may cover  t h e  h igh  
Miller a r e a s  around [0121 and r each  i n t o  (1111 and { loo ) .  Some of t h e  l a r g e  i s l a n d s  
show w e l l  developed edges  and co rne r s .  I n  t h e  h igh  M i l l e r  index a r e a s ,  t h e  i s l a n d s  
cause  a  work f u n c t i o n  d e c r e a s e  of  1 .6  eV /6 / .  Over t h e  1110) p l a n e ,  t h e  work func- 
t i o n  i s  inc reased  on ly  s l i g h t l y  i f  t h e r e  is  no a d s o r p t i o n  o f  o t h e r  i m p u r i t i e s  161. 
I f  i m p u r i t i e s  o t h e r  t h a n  carbon a r e  f a c e  s p e c i f i c a l l y  preadsorbed on {110}, t h e  work 
f u n c t i o n  i n c r e a s e  can be  pronounced /7 / .  Upon h e a t i n g ,  t h e  l a r g e  l a y e r s  r ecede  f i ~ s t  
from [ I l l )  and then  from [1001, and form e longated  i s l a n d s  a long  t h e  < loo>  zone. At 
about  1200 K t h e  l a y e r  is s t a b l e  o n l y  on {110). It d i s s o l v e s  complete ly  above 1400 K. 

Analyses of e m i t t e r s  by UHV-SEM a l s o  show t h e  random format ion of i s l a n d s  upon 
annea l ing  a t  about  870 K. Again, a n  i s l a n d  d e n s i t y  o f  3  X lo8 cm-2 is observed.  
Analyses  by AES show a n  i n c r e a s e  o f  t h e  carbon peak (272 eTJ) when t h e  i s l a n d s  appear .  
Some i s l a n d s  were found i n  e t c h  p i t s .  An AES carbon l i n e  scan (272 eV) showed t h e  
carbon d e p o s i t  t o  be l i m i t e d  t o  t h e  e t c h  p i t  a r e a s .  Independent e t c h  p i t  s t u d i e s  on 
p la t inum w i r e s  used i n  t h e  p r e s e n t  i n v e s t i g a t i o n s  r evea l ed  a  d i s l o c a t i o n  d e n s i t y  of 
I X l o 8  181. 

4 .  DISCUSSION AND CONCLUSIONS 

The FEM i n v e s t i g a t i o n s  show t h e  format ion of  two types  of i s l a n d s :  
i )  i s l a n d s  formed randomly i n  t h e  h igh  M i l l e r  index a r e a s  (random i s l a n d s )  

and 
i i )  i s l a n d s  formed f a c e  s p e c i f i c a l l y  i n  t h e  a r e a  of  {110} ( f a c e  s p e c i f i c  is- 

l a n d s ) .  
Ana lys i s  by AES shows t h a t  t h e  i s l a n d s  a r e  composed of carbon. The emiss ion 

i n c r e a s e  (work f u n c t i o n  d e c r e a s e )  i n d i c a t e s  t h e  e x i s t e n c e  of g r a p h i t i c  carbon,  
Ca rb id i c  carbon would cause  a  work f u n c t i o n  i n c r e a s e ,  and could  not  be observed. 

Since  t h e  d e n s i t y  of t h e  random i s l a n d s  a g r e e s  w i th  t h e  d i s l o c a t i o n  d e n s i t y ,  
one h a s  t o  assume t h a t  upon h e a t i n g ,  carbon d i s so lved  i n  t h e  p la t inum bu lk  d i f f u s e s  
a long  d i s l o c a t i o n  p i p e s .  Upon r a p i d  quenching i t  n u c l e a t e s  on t h e  s u r f a c e  a t  t h e  
e x i t  p o i n t s  of  d i s l o c a t i o n s .  The d i scove ry  of carbon i s l a n d s  i n  e t c h  p i t s ,  s u p p o r t s  
t h i s  assumption.  

When a t  e l e v a t e d  t empera tu re s  carbon can be  d i s t r i b u t e d  a long  t h e  s u r f a c e  by 
s u r f a c e  d i f f u s i o n ,  n u c l e a t i o n  and i n i t i a l  growth of  f a c e  s p e c i f i c  g r a p h i t e  l a y e r s  can  
be observed i n  t h e  v i c i n a l  a r e a  of {110) .  A c a l c u l a t i o n  of t h e  mi s f i t - fo r  g r a p h i t e  
{00011 on pla t inum {1101 shows t h e  b e s t  e p i t a x i a l  f i t  f o r  graphiCe <1120> 11 pla t inum 
<110> and t h e  corresponding pe rpend icu la r  d i r e c t  i o n  g r a p h i t e  <1010> 11 p la t inum < loo> .  
( I t  i s  assumed t h a t  t h e  b e s t  e p i t a x i a l  f i t  is ob ta ined  when t h e  combined m i s f i t  f o r  
two c r y s t a l l o g r a p h i c  d i r e c t i o n s ,  which a r e  o r i e n t e d  pe rpend icu la r  t o  each o t h e r ,  
r eaches  t h e  s m a l l e s t  p o s s i b l e  v a l u e ) .  M i s f i t  v a l u e s  were a l s o  c a l c u l a t e d  f o r  graph- 
i t e  adsorbed i n  t h e  s t epped  v i c i n a l  a r e a  o f  (110).  Using t h e  above mentioned b e s t  
e p i t a x i a l  f i t ,  t h e  m i s f i t  a long  t h e  <loo>,  t h e  <112>, and t h e  <110> zone was ca l cu -  
l a t e d  f o r  d i r e c t i o n s  p a r a l l e l  (11) t o  t h e  s t e p  edges  and pe rpend icu la r  t o  t h e  
s t e p  edges.  The fo l lowing  v a l u e s  were ob ta ined :  < loo>  zone, (11) 8.6%, -11.3%; 
<112> zone, (11) 2.3%. (L) -37.3%; <110> zone,  ((1) -11.3%, (L) 8.6 %. Since  t h e  
expe r imen ta l ly  observed growth r a t e  is f a s t e s t  a long  t h e  <112> zone, s lower  a long  
the<lOO>zone and s lowes t  a long  t h e  <110> zone,  i t  appea r s  t h a t  t h e  growth r a t e  i n  
t h e  v i c i n a l  a r e a  is determined by t h e  e p i t a x i a l  f i t  p a r a l l e l  t o  t h e  s t e p  edges.  The 
sequence of  t h e s e  m i s f i t  v a l u e s ,  2.3% (<112> zone) < 8.6% (< loo>  zone) < -11.3% 
(<110> zone),  p rope r ly  r e f l e c t s  t h e  observed growth r a t e s .  Higher s u p e r s a t u r a t i o n s  
a r e  r e q u i r e d  t o  o b t a i n  growth i n  t h e  v i c i n a l  a r e a  a long  t h e  <110> zone and on t h e  
I1101 p l ane  i t s e l f .  

The edges  which have been observed on l a r g e r  g r a p h i t e  l a y e r s  can  be  used f o r  a n  
exper imenta l  de t e rmina t ion  of t h e  g r a p h i t e  l a y e r  o r i e n t a t i ~ n .  Using a  broken-bond 
model and app ly ing  ~ u l f f ' s  Law 191, one f i n d s  t h a t  t h e  <1120> edge ("zigzag edge") 
should  be t h e  dominat ing  edge and t h a t  t h e  < l o r n >  edge ("chair" o r  "armchair" edge) 
should  occu r  on ly  on growth o r  d i s s o l u t i o n  forms o r  when i ts edge f r e e  energy is  
s u f f i c i e n t l y  lowered by a d s o r p t i o n  o r  i n t e r a c t i o n  wi th  t h e  s u b s t r a t e .  Assuming, 



t h e r e f o r e ,  t h a t  t h e  e x p e r i m e n t a l l y  o b s e r v e d  e d g e s  a r e  o f  t h e  t y p e  <11?0> one  f i n d s  
a n  e x p e r i m e n t a l  a l i g n m e n t  o f  t h e  g r a p h i t e  l a y e r  c o r r e s p o n d i n g  t o  <11?0> p l a t i n u m  
<110> o r  <10i0> 11 p l a t i n u m  < l o o > .  T h i s  a l i g n m e n t  is  i n  p e r f e c t  agreement  w i t h  t h e  
c a l c u l a t e d  o r i e n t a t i o n  o f  b e s t  e p i t a x i a l  f i t .  

The s e q u e n c e  of g r a p h i t e  l a y e r  s t a b i l i t y  ({110}  > { l o 0 1  > { I l l } )  h a s  been  ex- 
p l a i n e d  by t h e  d e c r e a s i n g  p l a t i n u m  s u r f a c e  d i p o l e  moment d e n s i t y  151.  F u r t h e r  
e x p e r i m e n t s  and model c a l c u l a t i o n s  a r e  r e q u i r e d  t o  d e t e r m i n e  w h e t h e r  o r  n o t  t h e  
i n t e r a c t i o n  between g r a p h i t e  and p l a t i n u m  is  l i m i t e d  t o  t h i s  d i p o l e  i n t e r a c t i o n .  
I n  s u r f a c e  e x t e n d e d  e n e r g y - l o s s  f i n e - s t r u c t u r e  (SEELFS) e x p e r i m e n t s  on  t h e  s y s t e m s  
g r a p h i t e l n i c k e l  (111)  and g r a p h i t e l n i c k e l  { 1 1 0 ) ,  f o r  example,  i t  was found t h a t  
g r a p h i t i c  c a r b o n  o n  (1111  behaves  s i m i l a r l y  t o  g r a p h i t e  s i n g l e  c r y s t a l s ,  w h i l e  a  
g r a p h i t e  l a y e r  o n  { I 1 0 1  s t r o n g l y  i n t e r a c t s  w i t h  t h e  n i c k e l  s u b s t r a t e  / lo / .  I n  t h e  
c a s e  o f  p l a t i n u m ,  a n  i n t e r a c t i o n  o f  t h e  l a t t e r  t y p e  - though p o s s i b l y  weaker - may 
c o n t r i b u t e  t o  t h e  l a y e r  s t a b i l i t y  o n  {1101 and may e x p l a i n  t h e  s m a l l  work f u n c t i o n  
i n c r e a s e  o v e r  {110)  upon g r a p h i t e  a d s o r p t i o n .  

The above d e s c r i b e d  f a c e  s p e c i f i c  f o r m a t i o n  of  g r a p h i t e  l a y e r s  on p l a t i n u m  
{ I 1 0 1  h a s  been o b s e r v e d  a l s o  when h y d r o c a r b o n s  a r e  c r a c k e d  by h e a t i n g  i n  t h e  appro-  
p r i a t e  t e m p e r a t u r e  r a n g e .  For  example,  Kojima e t  a l .  1111 found a  f o r m a t i o n  o f  
{1101 l a y e r s  a f t e r  h e a t i n g  p l a t i n u m  f i e l d  e m i t t e r s  w i t h  a d s o r b e d  a c e t y l e n e  t o  1110 K.  

5. SUMMARY 

I n i t i a l  n u c l e a t i o n  o f  c a r b o n  o c c u r s  on  d i s l o c a t i o n s  i n  t h e  c u r v e d  h i g h  M i l l e r  
i n d e x  a r e a s .  Above 1150 K t h e s e  randomly d i s t r i b u t e d  i s l a n d s  d i s s o l v e  and f a c e  
s p e c i f i c  l a y e r s  a r e  formed o n  {110}. These  l a y e r s  c a n  e x t e n d  i n t o  n e i g h b o r i n g  
c r y s t a l l o g r a p h i c  a r e a s  where t h e y  a r e ,  however, l e s s  s t a b l e .  The sequence  of  s t a -  
b i l i t y  of  g r a p h i t e  l a y e r s  o n  p l a t i n u m  is: {110) > a l l  o t h e r  {hkO) o n  t h e  < l o o >  zone 
> (100)  f o l l o w e d  c l o s e l y  by (111).  

Layer  n u c l e a t i o n  and i n i t i a l  g rowth  i n  t h e  v i c i n a l  a r e a  of  {110} o c c u r s  a l o n g  
t h e  <112> and t h e  < l o o >  z o n e s  and n o t  o n  t h e  uns tepped  ( 1 1 0 )  p l a n e s  i t s e l f .  The 
growth  r a t e  i n  t h e  v i c i n a l  a r e a  is  d e t e r m i n e d  by t h e  e p i t a x i a l  m i s f i t  p a r a l l e l  t o  
t h e  s t e p  e d g e s .  An a l i g n m e n t  o f  t h e  g r a p h i t e  l a y e r  w i t h  t h e  u n d e r l y i n g  ( 1 1 0 )  is  
o b s e r v e d .  I t  c o r r e s p o n d s  t o  g r a p h i t e  <1010> 11 p l a t i n u m  < l o o > .  

Upon a d s o r p t i o n  o f  g r a p h i t e ,  t h e  work f u n c t i o n  o f  (11.0) is  i n c r e a s e d  o n l y  
s l i g h t l y  161.  The work f u n c t i o n  i n c r e a s e  is  much more pronounced i f  i m p u r i t i e s  
o t h e r  t h a n  c a r b o n  a r e  f a c e  s p e c i f i c a l l y  p r e a d s o r b e d  o n  (11.0). 
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