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DIRECT IMAGING OF THE L A n I C E  IN POLY(PHmOCYANINAT0- 
GERMOXANE) SINGLE CRYSTALS 

**+ 
X. ZHOU*, T .  J. MARKS* 
Materials Research Cente;', Department of  Mate3;ials Sc ience  
and Engineering**, and Department of  Chemistry , North- 
wes tern  U n i v e r s i t y ,  Evanston, I L  60201, U.S.A. 
(*Permanent address :  
Engineer ing,  Tsinghua U n i v e r s i t y ,  B e i j i n g ,  PRC). 

A b s t r a c t  Poly(phthalocyaninatogermoxane, [Ge(Pc)O] , w a s  
prepared from s i n g l e  c r y s t a l s  of t h e  monomer phtha1"oyaninato- 
germanium dihydroxide ,  Ge(Pc) (OH)*, by thermal  condensa t ion  
polymer iza t ion  i n  s o l i d  s ta te .  Direct imaging of  (100) 
l a t t i c e  p l a n e s  c o n t a i n i n g  t h e  extended molecular  c h a i n s  i n  t h e  
polymer s i n g l e  c r y s t a l s  w a s  achieved u s i n g  t r a n s m i s s i o n  
e l e c t r o n  microscopy. 
t i c e  imperfec t ions  w e r e  recorded.  

AND S.  H. CARR 

Department o f  Chemistry and Chemical 

A mosaic b l o c k  s t r u c t u r e  and many l a t -  

INTRODUCTION 

In 1956 Menter (1) f i r s t  succeeded i n  r e c o r d i n g  t h e  d i r e c t  images 

of copper  and plat inum phthalocyanine c r y s t a l  l a t t i ces  and t h e i r  

imperfec t ions  by t ransmiss ion  e l e c t r o n  microscopy (TEM). Menter 

( 2 )  and A l l p r e s s  & Sanders  (3 )  have a l s o  d i s c u s s e d  t h e  d e t a i l s  

about  t h e  d i r e c t  imaging of l a t t i ces .  T h i s  kind of  i n v e s t i g a t i o n  

on polymer c r y s t a l s  s t a r t e d  in 1968 ( 4 ) ,  but  up t o  now, o n l y  a few 

polymers, *., poly(p-xylene) (4,5,6), poly(ppheny1ene  tere- 

phthamide) Kevlar(R) (7,8), poly  [l, 6-di-(N-carbazolyl)-2,4-hexa- 
diyne]  ( 9 )  and poly(ppheny1ene  b e n z o b i s t h i a z o l e )  ( l o ) ,  have been 

s t u d i e d  by d i r e c t  imaging of  t h e i r  l a t t i c e s .  These polymers, i n  

p a r t i c u l a r ,  c o n t a i n  a h i g h  p r o p o r t i o n  of  a romat ic  r i n g s  and are, 

t h e r e f o r e ,  r e l a t i v e l y  less s e n s i t i v e  t h a n  t y p i c a l  polymers t o  

e l e c t r o n  beam damage. 

There i s  a l s o  a c o n s i d e r a b l e  a r o m a t i c i t y  in t h e  phtha locyanine  

s u b u n i t s  of t h e  c o f a c i a l l y  a r rayed  meta l lomacrocycl ic  polymer, 

poly(phtha1ocyanina togermoxane) , [Ge(Pc)O] n. Using e l e c t r o n  
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358 X. ZHOU, T. J .  MARKS AND S. H. CARR 

microscopy and s e l e c t e d  area e l e c t r o n  d i f f r a c t i o n ,  i t  w a s  found 

t h a t  as-polymerized [Ge(Pc)OIn e x i s t s  a s  c o l l e c t i o n s  of  l a t h - l i k e  

c r y s t a l s  whose 1 d i r e c t i o n  is perpendicular  t o ,  and t h e  a and t h e  

- c d i r e c t i o n s  are p a r a l l e l  t o ,  t h e  l a r g e  s u r f a c e  of t h e  l a t h  

(11,12). In a d d i t i o n ,  t h e  spac ing  of (100) l a t t i ce  p lanes  is  

13.27 8, whi le  t h a t  of (001) i s  3.53 8. 
t o  expect t o  o b t a i n  d i r e c t  imaging of (100) l a t t i ce  p lanes  w i t h  

TEM in two beam condi t ion  by means of excluding t h e  001 d i f f r a c t -  

ed beam with an  o b j e c t i v e  a p e r t u r e  of s u i t a b l e  diameter .  

I t  is, t h u s ,  reasonable  

EXPERIMENTAL 

The [Ge(Pc)OIn samples w e r e  polymerized from s i n g l e  c r y s t a l s  o f  

t h e  monomer, Ge(Pc)(OH)2, i n  s o l i d  state a t  44OoC and t o r r  

dynamic vacuum. 

i n t o  very t h i n  l a t h - l i k e  s i n g l e  c r y s t a l s  us ing  very  mild mechani- 

ca l  ac t ion .  They were then  c a r e f u l l y  t r a n s f e r r e d  onto 300 mesh 

g r i d s  with a carbon suppor t ing  f i lm.  A JEOL-100B TEM, w i t h  

s p h e r i c a l  a b e r r a t i o n  c o e f f i c i e n t  of 5 .1  mm and chromatic  aber-  

r a t i o n  c o e f f i c i e n t  of 2.3 mm, w a s  used h e r e  and opera ted  a t  an  

a c c e l e r a t i n g  p o t e n t i a l  of 100 KV. 

chosen t o  admit on ly  t h e  i n c i d e n t ,  100, and TOO beams, thereby  

causing a (100) l a t t i ce  p lanes  image t o  form. 

The r e s u l t i n g  polymer c r y s t a l s  were separa ted  

A 60 pm o b j e c t i v e  a p e r t u r e  w a s  

RESULTS AND DISCUSSION 

We had found earlier (12) t h a t  t h e  molecular  c h a i n s  i n  most cases 

l a y  along t h e  l e n g t h  dimension of  t h e  l a t h .  

F igure  1 t h e  d i r e c t  image of t h e  l a t t i c e  p lanes  which conta in  

t h e s e  molecular cha ins .  This  f i g u r e  shows that [Ge(Pc)Oln molecu- 

l a r  cha ins  are roughly p a r a l l e l  t o  t h e  c r y s t a l  long edge, and t h a t  

t h e  l a t t i c e  is n o t  as  o r d e r l y  as  t h a t  i n  P t (Pc)  c r y s t a l s  (1) .  I n  

F igure  2, i t  is  q u i t e  obvious t h a t  t h e r e  does n o t  e x i s t  a s t r ic t  

long-range order  throughout t h e  c r y s t a l .  

W e  r e p o r t  h e r e  in 
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LATTICE IMAGES FROM POLY(PHTHALOCANINATOGERM0XANE) 359 

FIGURE 1 Direct imaging of FIGURE 2 Direct imaging of 
(100) l a t t i c e  p lanes  i n  t h e  (100) l a t t i c e  p l a n e s  i n  t h e  
[Ge(Pc)OIn s i n g l e  c r y s t a l .  The [Ge(Pc)OIn s i n g l e  c r y s t a l .  The 
molecular  c h a i n s  are p a r a l l e l  mosaic s t r u c t u r e  i s  v e r y  clear. 
t o  t h e  long edge of t h e  l a t h -  
l i k e  c r y s t a l .  w i t h i n  t h e  c i rc le  l a b e l l e d  ED. 

Edge d i s l o c a t i o n  can  be seen 

Based on t h e  s e l e c t e d  area e l e c t r o n  d i f f r a c t i o n  p a t t e r n s ,  we  had 

ear l ier  proposed (12) t h a t  t h e r e  are mosaic blocks i n  t h e  

[Ge(Pc)O], c r y s t a l s ,  bu t  w e  d i d  n o t ,  a t  t h a t  t i m e ,  have informa- 

t i o n  on t h e  a c t u a l  c h a r a c t e r  of l a t t i ce  o r d e r / d i s o r d e r .  Now, t h e  

mosaic s t r u c t u r e s  of 200-400 8 s i z e  are v i v i d l y  shown i n  t h e  

d i r e c t  image. On account of t h e s e  reso lved  l a t t i ce  images, w e  

suggest  t h a t  t h e  mosaic s t r u c t u r e s  i n  [Ge(Pc)O] c r y s t a l s  r e s u l t  

from t h e  t o p o t a c t i c  polymerizat ion process  (13-15) i t s e l f .  Edge 

d i s l o c a t i o n s ,  such as can b e  seen w i t h i n  t h e  c i r c l e  l a b e l l e d  ED 

of Figure 2,  are a l s o  numerous. That t h e  temperature  dependence 

of t h e  charge t r a n s p o r t  i n  doped phases of [Ge(Pc)OIn could be f i t  

t o  a model involving f luc tua t ion- induced  c a r r i e r  tunnel ing  through 

i n s u l a t i n g  p o t e n t i a l  b a r r i e r s  would appear  t o  be i n  accord wi th  

such a micros t ruc ture .  
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