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STRUCTURE, SPECTRA AND CONDUCTIVITY OF O X I D I Z E D  Z I N C  
PHTHALOCYANINE SINGLE CRYSTALS. 

M. MOSSOYAN-DENEUX, D .  BENLIAN, M. LEY. 
Lab. Chimie de Coord ina t i on .  
M. P I E R R O T .  Se rv i ce  de c r i s t a l l o c h i m i e .  
J.P. SORBIER, A. FOURNEL. Lab. d ' E l e c t r o n i q u e ,  
Centre de St-JiSrijme, r u e  H. Po inca re  
F. 13397 MARSEILLE CEDEX 13. FRANCE. 

A b s t r a c t  E l e c t r o d e  grown ZnPcCl and ZnPcClxBr(l-x c r y s t a l s  
have been c h a r a c t e r i z e d  by  X Ray c r y s t a l l o g r a p h y ,  l n f r a  r e d  
a b s o r p t i o n  spectroscopy and e lementa l  X Ray a n a l y s i s .  T h e i r  
semi conduc t i ve  p r o p e r t i e s  a r e  d i scussed  on t h e  b a s i s  o f  t h e  
h e l i c a l  s tack  and i n t e r m o l e c u l a r  ove r laps  between m a c r o c y c l i c  
1 i gands. 

PREPARATION 

S i n g l e  c r y s t a l s o f  a novel m o d i f i c a t i o n  o f  s tacked m a c r o c y c l i c  

complexes have been grown on P t  anode f r o m  o rgan ic  s o l u t i o n s  o f  

Z inc  ph tha locyan ine  i n  t h e  presence o f  c h l o r i d e  o r /and  bromide 

e l e c t r o l y t e s .  

CRYSTALLOGRAPHY 

F i g u r e  1 shows t h e  h e l i c a l  mode o f  s t a c k i n g  i n  t h e t e t r a g o n a l  

(P4/n n c )  l a t t i c e  c e l l  o f  ZnPcCl which has been comp le te l y  charac-  

t e r i z e d ' .  Two s t r i c k i n g  f e a t u r e s  a r e  t o  be s i n g l e d  o u t  i n  t h i s  

compound : ( i )  t h e  macrocycles a re  c l o s e l y  combined i n  s taggered 

b imo lecu la r  u n i t s  ( f i g . 2 1 ,  ( i i )  t h e  m e t a l l i c  atom r e s i d e s  on t h e  

a x i s  b u t  a t  a d i s t a n c e  o f  0.59 A o f  t h e  t e t r a p y r r o l i c  c e n t r e .  

Whi le  a l l  r e p o r t e d  pen tacoord ina te  MPcL complexes snow t e n t - l i k e  

de fo rma t ion  o f  t h e  aromat ic  

0 

ph tha locyan ine  l i g a n d s  a re  
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438 M. MOSSOYAN-DENEUX d al. 

r i g o r o u s l y  p lana r  and m u t u a l l y  p a r a l l e l  and p e r p e n d i c u l a r  t o  t h e  
t e t r a g o n a l  ax i s .  

FIGURE 1 Or tep drawing, v iew a long  t h e  
d i s t a n c e  i n  t h e  s tack ing .  C t  : c e n t e r  o f  
N square. 

a a x i s  showing t h e  
t h e  f o u r  p y r r o l i c  

FIGURE 2 Scheme o f  t h e  dimere u n i t .  view a lona t h e  c a x i s ,  
showing t h e  s tagger ing  angle between.the two ph iha locyan ine  
planes. 

CONDUCTIVITY 

Obvious Pc-Pc o v e r l a p  i n  Zn2Pc2 u n i t s  (3.16 A )  e x p l a i n s  good 

conduc t i ve  p o t e n t i a l i t y  w h i l e  d i s tances  between ad jacen t  u n i t s  

(e.g. p lane  t o  p lane  3.32 A, C5 (benzol -aza N = 3.40 A )  a r e  s h o r t  

0 

0 0 
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STRUCTURE, SPECTRA AND CONDUCTIVITY OF OXIDIZED ZnPc 439 

enough t o  j u s t i f y  t h e  semi conduc t i ve  m o b i l i t y  o f  e l e c t r o n s  i n  

t h e  m a t e r i a l ' .  Th is ,  w i t h  t h e  i n t e g e r  o x i d a t i o n  number,accounts 

f o r  t h e  mediocre c o n d u c t i v i t y  (a  = l o - '  Q-l cm 

a c t i v a t i o n  energy (0.16 - 0.19 eV 

curves o f  t h e  c o n d u c t i v i t y  ( f i g ;  3) show t h a t  t r a n s i t i o n  p o i n t s  

appear a t  c.a. 230 KfZnPc'Cl-Ior 200 K ZnPc'(Br0.9 C10.1)- and 

a l l o w  t o  d i s t i n g u i s h  t h e  c h l o r i d e  compound which i s  an i n t r i n s i c  

semi-conductor and t h e  mixed anion compounds whose behaviour  a t  

low temperature i s  s i m i l a r  t o  doped m a t e r i a l s .  

-1 and t h e  modest 

1. The temperature dependence 

/ m * c 1 -  

J / ~~0,9C10,1)' 

FIGURE 3 Temperature dependence curves o t  t h e  c o n d u c t i v i t y  

I . R .  SPECTRA 

When p o s s i b l e  t h e  I.R. a b s o r p t i o n  s p e c t r a  have been recorded. The 

new m a t e r i a l  appears t o  be w e l l  d e f i n e d  and d i s t i n c t  f r o m  t h e  a 

or  m o d i f i c a t i o n s  o f  ZnPc. 
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440 M. MOSSOYAN-DENEUX et al. 

TABLE Comparison between ZnPcCl and ZnPc I . R .  f r equenc ies  

Absorpt ion ZnPc ZnPcCl 

Metal dependent 1487 
1410 
1290 
1061 
888 
257 
241 

98 

s t .  
m. 
m. 
s t .  
m. 
m. 
m. 
s t .  

1486 
1402 
1289 
1061 

261 
246 

87 

a87 

W. 
W. 
sh. 
m. 
W. 
V.W. 
W. 
W. 

S tack ing  dependent 1061 s t .  1061 m. 
1080 s t .  1078 m. 
1117 s t .  1117 w. 
1067 m. 1063 w. 

Pe r iphe ra l  mode 1005 w. 1006 w. 
947 w. 950 w. 
509 s t .  499 s t .  

Zn-C1 s t r e t c h i n g  277 o r  219? s t .  

s t  : s t r o n g  ; m : medium ; sh : shoulder  ; w = weak ; 

V.W. : ve ry  weak 

s h i f t e d  broadened bands w i t h  a l a r g e  decrease of i n t e n s i t y  appear 

f o r  metal and s t a c k i n g  dependent abso rp t i ons  w h i l e  almost i den -  

t i c a l  bands remain f o r  p e r i p h e r a l  CH and C-C v i b r a t i o n s .  
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