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INTERFACE STRUCTURE OF ORGANIC DOUBLE-LAYERED FILM 
(VOPC/GeOPC) STUDIED BY ELECTRON MICROSCOPY 

SEIJI ISODA, ITARU KUBO, AKITAKA HOSHINO 
AND TAKASHI KOBAYASHI 
Institute for Chemical Research, Kyoto University, Uji, 
Kyoto 611, Japan 

mstract Organic double-layered film composed of 
vanadyl phthalocyanine (VOPc) and poly-Ge-0-phthalocya- 
nine (GeOPc) was obtained by vapor deposition. 
Structure of the interface between the layers was in- 
vestigated by molecular imaging with high resolution 
electron microscopes and good commensurate structural 
correlation was observed. 

It is indispensable to clarify interface structures of organ- 
ic double- or multi-layers, in order to understand the mecha- 
nism of a heteroepitaxy of organic molecules and also to de- 
sign functional organic multi-layered films. So far, however, 
there are a few structural investigations on such organic 
multi-layers.1-4 We report here a structural study of a dou- 
ble-layered film composed of VOPc and GeOPc by high resolu- 
tion electron microscopy (HREM). VOPc is known to exhibit in- 
teresting optical properties5r6 and GeOPc to be conductive 

when doped with i ~ d i n e . ~  This double-layered film is consid- 
ered to be one of model systems combining photoactive and 
electrically conductive microsystems. They are expected to 
form a double-layered film in an epitaxial relation, because 
they individually crystallize on KC1 (001) with a very simi- 
lar crystallographic orientation. 

EXPERIMENTAL 

VOPc was synthesized and purified according to the Linstead’s 
method8 and monomeric GeOPc was supplied by Dr.Y.Kuwae, Cannon 
Inc. A single-layer of VOPc or GeOPc was made by vapor depo- 
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196/[720] S .  ISODA ET AL. 

s i t i o n  on an a i r - c l e a v e d  (001) s u r f a c e  o f  K C 1  p r e h e a t e d  f o r  1 

h r .  a t  4OO0C b e f o r e  d e p o s i t i o n  under a vacuum of P a .  The 

doub le - l aye r  w a s  o b t a i n e d  by subsequen t  d e p o s i t i o n  of V O P c  

a f t e r  t h e  formation of GeOPc on KC1 (001) s u r f a c e .  The re- 
s p e c t i v e  t h i c k n e s s  o f  VOPc and GeOPc forming t h e  double-lay- 
e r e d  f i l m  w a s  c o n t r o l l e d  t o  be 5 nm by monitor ing w i t h  q u a r t z  
microbalance.  The d e p o s i t i o n  ra te  w a s  u s u a l l y  1 . 0  nm/min and 
t h e  s u b s t r a t e  w a s  k e p t  a t  1 8 O o C  d u r i n g  t h e  d e p o s i t i o n .  
E lec t ron  d i f f r a c t i o n  p a t t e r n s  and molecular  images w e r e  t a k e n  
with JEM-loOoARM o p e r a t e d  a t  800 kV and JEM-200CX o p e r a t e d  a t  
200 kV. Elemental  mic ro -ana lys i s  was performed w i t h  JEM-2010 
equipped wi th  an energy d i s p e r s i v e  X-ray a n a l y z e r  ( E D X )  . 

F i g u r e  1 shows a selected area e l e c t r o n  d i f f r a c t i o n  (SAED)  

p a t t e r n  from a G e O P c  f i l m  grown e p i t a x i a l l y  on KC1, where t h e  
i n c i d e n t  beam d i r e c t i o n  i s  pe rpend icu la r  t o  t h e  f i l m  s u r f a c e .  
T h i s  p a t t e r n  i n d i c a t e s  t h a t  t h e  c - a x i s  o f  t h e  t e t r a g o n a l  
GeOPc  c r y s t a l  i s  pe rpend icu la r  t o  t h e  f i l m  s u r f a c e  and t h e  a- 
a x i s  a l i g n s  a long  <210> of  K C 1  as r e p o r t e d  p r e v i o u s l y . g  The 

u n i t  c e l l  dimensions are a=b=1.372 nm and c=O.68 nm. A c o r r e -  
sponding h igh  r e s o l u t i o n  -molecular images are shown i n  F i g u r e  
2 as  t h e  c -ax i s  p r o j e c t i o n ,  where t h e  t e t r a g o n a l  a r r a y  of  t h e  
GeOPc s t a c k i n g  i n  columns can be c l e a r l y  observed.  The image 
w e l l  c o r r e s p o n d s  t o  t h e  c o m p u t e r - s i m u l a t e d  images o f  t h e  
molecular s t a c k i n g  i n  face- to-face b u t  i n  s t a g g e r e d  manner. 

FIGURE 1. SAED of GeOPc showing t h e  c -ax i s  p r o j e c t i o n .  
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ORGANIC DOUBLE-LAYERED FILM BY HREM [721]/197 

FIGURE 2 .  High reso lu t ion  molecular images of GeOPc. 

On t h e  o ther  hand, VOPc w a s  reported t o  c r y s t a l l i z e  on 
KC1 by molecular beam epi taxy a s  a t e t r agona l  form having t h e  

a-axis of 1 . 4 0 7 4  nm.lo,ll In  our case,  however, VOPc c r y s t a l -  

l i z e s  i n  two d i f f e r e n t  c r y s t a l l i n e  forms, whose l a t t i c e  d i -  
mensions i n  a basa l  plane a r e  a=1.352 nm o r  a'=1.305 nm, re-  
spec t ive ly  (Figure 3 ) .  One c r y s t a l l i n e  form with a=1.352 nm 
(Type-I) w a s  imaged by HREM i n  a t e t r agona l  a r r ay  as shown i n  
Figure 4 ,  while t h e  o the r  c rys ta l  with a'=1.305 nm (Type-11) 
gave only l a t t i ce  f r inges  along one d i r ec t ion  i n  HREM, which 
means t h a t  t h e  main a x i s  of t h i s  c r y s t a l  i s  not perpendicular  
t o  t h e  f i l m  p lane .  Therefore ,  it might have ano the r  c rys-  
t a l l i n e  form, e.g. ,  t r i c l i n i c  o r  monoclinic form. In  Figure 
3, t he  inc ident  beam d i r ec t ion  i s  perpendicular t o  t h e  f i lm  

FIGURE 3 .  SAED of VOPc,  where Type-I and -11 a r e  
observed a s  shown by t h e  t r i a n g l e s .  
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198/[722] S. ISODA ET AL. 

p lane  ( a long  t h e  c - a x i s  of Type-I) .  The e p i t a x y  of Type-I on 
K C 1  i s  j u s t  t h e  same with t h e  case of GeOPc,  i.e., t h e  a - a x i s  
o r i e n t s  a long  <210> of KC1. From F igure  4 ,  t h e  molecules  of 
V O P c  a r e  c o n s i d e r e d  t o  s t a c k  a l o n g  t h e  c - a x i s  making t h e  
molecular p l a n e s  p e r p e n d i c u l a r  t o  t h e  s t a c k i n g  a x i s  ( c - a x i s ) .  

FIGURE 4 .  High r e s o l u t i o n  molecular  images of VOPc i n  
Type-I. 

A SAED p a t t e r n  from t h e  double- layered f i l m  i s  shown i n  
Figure 5, which d i s p l a y s  no d i s t i n c t  d i f f e r e n c e  from t h e  su- 
p e r p o s i t i o n  of  F i g u r e s  1 and 3 .  In  F i g u r e  5, VOPc c r y s t a l -  
l i z e s  a g a i n  as Type-I and -11, and GeOPc as t h e  t e t r a g o n a l  
form. Th i s  SAED could be i n t e r p r e t e d  simply by ove r l app ing  of 
t h e  d i f f r a c t i o n s  from them. However, t h e  V- and Ge-atoms w e r e  
s i m u l t a n e o u s l y  d e t e c t e d  by EDX i n  many p l a c e s  of t h e  f i l m  
with a molar r a t i o  of  about 5 0 : 5 0 ,  which a g r e e s  w e l l  w i th  t h e  

FIGURE 5. SAED p a t t e r n  of t h e  double- layered f i l m .  
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ORGANIC DOUBLE-LAYERED FILM BY HREM [723]/199 

r a t i o  expected from t h e  con t ro l l ed  thicknesses  during t h e  de- 
pos i t i on .  EDX ana lys i s  was c a r r i e d  out f o r  a domain of 50 nm 
i n  d iameter ,  which co inc ides  roughly wi th  a p i c t u r e  s i z e  
shown i n  Figure 6 .  

High r e so lu t ion  images were obtained as a p r o j e c t i o n  
perpendicular  t o  the  double-layered f i lm  su r face .  The image 
can be i n t e r p r e t e d  a s  an overlap of two indiv idua l  molecular 
images of VOPc and G e O P c .  The molecular images a r e  observed 
t o  a l ign  i n  t e t r agona l  with a bas i c  spacing of about 1 . 3 7  nm 
a s  shown i n  Figure 6 .  The b a s i c  p e r i o d i c i t y  corresponds t o  
the  l a t t i c e  spacing of GeOPc. The image enlarged w a s  from a 
double-layered region,  which can be recognized e a s i l y  from 
t h e  image con t r a s t  i n  micrograph. EDX ana lys i s  showed t h e  co- 
ex is tence  of V- and Ge-atoms i n  such t e t r agona l  image a r e a .  
Therefore, it can be concluded t h a t  t he  VOPc coherent ly  crys- 
t a l l i z e s  overlapping j u s t  on t h e  molecules of GeOPc and t h a t  
a te t ragonal  c r y s t a l l i n e  form of VOPc having a l a r g e r  l a t t i c e  
u n i t  than Type-I i s  forced t o  appear.  The supposed i n t e r f a c e  
of  VOPc/GeOPc i s  i l l u s t r a t e d  i n  Figure 7, as a p r o j e c t i o n  
along t h e  a-axes of VOPc and GeOPc. 

FIGURE 6 .  High reso lu t ion  molecular image of double- 
layered region.  

VOPc molecule may possibly be deposi ted making i t s  pro- 
t ruded oxygen atom upward on GeOPc sur face  so as t o  avoid i n -  
t e r f e r e n c e  with t h e  protruded OH-group on t h e  t o p  l a y e r  of 
G e O P c .  On t h e  con t r a ry  t o  t h i s  case,  Cl- te t raphenylporphi-  
nate-Fe ( C l T P P F e )  c r y s t a l l i z e d  on GeOPc sur face  s h i f t i n g  i t s  
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200/[724] S .  ISODA ET AL. 

molecular centers with a distance of one-forth of GeOPc lat- 
tice along <1 1 O> directionI4 though ClTPPFe has an protruded 
chlorine atom and its crystalline form is tetragonal with 
nearly the same a-axis dimension with that of GeOPc. 

HREM can give us information on structural correlation 
of two crystals at interface, including translational corre- 
lation that is hard to be analyzed only by SAED. 

(a) (b) 

a c 

FIGURE 7. Schematic drawing of the see-through interface 
along the a-axis of GeOPc. a.VOPc/GeOPc, b.ClTPPFe/GeOPc. 
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