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ELECTRONIC AND OPTICAL PROPERTIES IN THE ONE-DIMENSIONAL 
MOLECULAR CONDUCTOR COBALT-RICH NICKEL PHTHALOCYANINE IODIDE 

AKIOMI MISHIMA 
Kanazawa Institute of Technology, Nonoichi, Ishikawa 921, Japan 

Abstract An one-dimensional two-channel model in the molecular 
conductor cobalt-rich nickel phthalocyanine iodide is presented. 
In the model, the localized-d-electron spins on the metal spine 
couple ferromagnetically the itinerant-IT-electron spins on the 
macrocycle. The energy bands, the charge and spin densities, 
and the optical-absoption spectrum of the one-dimensional dn- 
coupled system are computed with aid of the periodic-boundary 
condition in the mean-field approximation. The optical- 
absorption spectrum shows the peaks of the T and d electrons. 
It turns out that the origin of the v-band gap is the dr- 
ferromagnetic-exchange coupling in the cobalt-rich nickel 
phthalocyanine iodide. 

INTRODUCTION 

Many studies have been done on the electric and magnetic properties 

of alloys between the two isostructural porphyrinic molecular 

conductors phthalocyaninatonickel iodide, NiPcI, and 

phthalocyaninatocobalt iodide, CoPcI of composition Co Ni PcI. 

MPcI consists of metal-over-metal stacks of MPc units surrounded by 

chains of iodine. Iodine chains provide the partial oxidation and 

weaken the interstack interaction to make the one-dimensional (1D) 

character of these molecular conductors. In NiPcI,2 the itinerant- 

charge carriers are the IT electrons on the Pc ring. This compound 

is metallic down to 10 K with no phase transition. The Ni2+ (d8) 

ions of NiPcI are diamagnetic and play no role in the electric or 
2+ 7 3 magnetic properties of NiPcI. However, the Co (d ) ions of CoPcI 

are paramagnetic. The triplet-ground state has been found in 

CoTPP(SbF6) l.o (TPP=tetraphenylporphyrinato) .4 The electronic 
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190 A. MISHIMA 

s t r u c t u r e  of phthalocyanine i s  similar t o  t h a t  of porphyrin.  The dZ2 

o r b i t a l  i s  or thogonal  t o  t h e  n o r b i t a l  i n  CoPc. These l e a d  t o  t h e  

phys ica l  p i c t u r e  of t he  dIT-ferromagnetic-exchange coupl ing i n  t h e  

coba l t - r i ch  n i c k e l  phthalocyanine iod ide .  5 

Here, w e  c l a r i f y  t h e  e l e c t r o n i c  states and t h e  o p t i c a l  

p r o p e r t i e s  of t h e  lD-dn-coupled system f o r  t h e  c o b a l t - r i c h  n i c k e l  

phthalocyanine iodide.  W e  compute t h e  t o t a l  energy of t h e  system, 

the  energy bands of d and n e l e c t r o n s ,  t h e  charge and s p i n  d e n s i t i e s  

of d and IT e l e c t r o n s ,  and t h e  op t i ca l - abso rp t ion  spectrum by us ing  

t h e  p e r i o d i c  boundary cond i t ion  i n  t h e  mean-field approximation. 

MODEL 

We start w i t h  t h e  fo l lowing  hamil tonian:  

d + H.c.) 5 t  t 
H = - T d C  2,a ( C  m = l  d 2,m+l,ud1mu -+ dl+l, l ,a 160 

6 d d  5 t  t 
+ 'd i=:tmanlm@ - Tp ~ = ~ Z , r n + l , a P ~ m u  + PZ+l,l ,aP26a 

d 6 

1 m = l  
+ H.c.) - 45 C C $m*~lm,  

) and dt (pt ) are t h e  a n n i h i l a t i o n  and c r e a t i o n  where dim (Pzma lma h a  
o p e r a t o r s  of d (n) e l e c t r o n s  wi th  s p i n  u ( a  and @ are up and down 

s p i n s ,  r e s p e c t i v e l y )  at t h e  m-th s i t e  i n  the 2-th u n i t  c e l l ,  n d 
Ima= 

(T ) t h e  t r a n s f e r  energy of t h e  d (IT) e l e c t r o n  between neighboring 

sites, U t h e  on - s i t e  Coulomb r e p u l s i o n  between d e l e c t r o n s ,  J t h e  

ferromagnetic-exchange coupl ing between nearest-neighbor  d and n 
e l e c t r o n s ,  Sd (Sp ) t h e  spin-1/2 o p e r a t o r  of t h e  d (n) e l e c t r o n .  W e  

set T =0.15 e V ,  T =-0.3 eV, U -1.5 e V  and J=0.027 e V  a t  x=2/3 i n  

Co N i  P c I . ~  The normalized s p e c t r a l  i n t e n s i t y  i s  computed by us ing  

Td 
(nP = + ) t h e  number ope ra to r  of d (IT) e l e c t r o n s ,  t 

lmad  mu Zma p ZmoP lmo 

P 

d 

4 m  -1m 
d P d- 

x 1-x 
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191 ELECTRONIC AND OPTICAL PRO IN THE ONE-DIM MOL CON 

where li> (lj>) i s  the  e igens t a t e  with energy E (Ej) occupied (un- 

occupied) by e l ec t rons ,  c 

consider  a s ingle-e lec t ron  e x c i t a t i o n  wi th in  the  mean-field theory.  

i 
) f o r  a d (TI) e l ec t ron .  We (pzrno i s  dZm Imo 

RESULTS AND DISCUSSION 

Figure 1 shows the  gap energy of t he  TI band vs .  t he  dr-exchange 

coupling J a t  x=2/3 i n  Co N i  

increases  monotonically as J increases .  Thus the  T-band gap occurs 

due t o  the  dr-ferromagnetic-exchange coupling. 

PcI. The gap energy of t he  TT band x 1-x 

CoxNil,xPcI x=2/3 
h > Td=0.15eVJ 

c3 Ud=l.SeV a 
W z 
W l  

a a 

FIGURE 1 Gap energy of t he  'TT band vs. dT-exchange coupling J. 

Td=O.l5 eV, Tp =-0.3 eV 
Ud=1.5 eV 
J =0.027eV 1 d B A N E -  

- - - - -  

0 n > 
Q, 

> 
(3 
CT w 
2 
w 

v 

-1 

FIGURE 2 Energy vs. wave vec tor  of d and TI bands. 
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192 A. MISHIMA 

The d and T bands are shown f o r  T =0.15 e V ,  T =-0.3 e V ,  U =1.5 d P d 
e V  and J=0.027 eV i n  Fig.  2. The dashed and s o l i d  l i n e s  deno te  t h e  d 

and TT bands,  r e s p e c t i v e l y .  The energy gap of about 0.022 e V  opens 

a t  t h e  Fermi p o i n t  of t h e  IT band. F igu re  3 d e p i c t s  t h e  s p i n ,  Sd ( S p ) ,  

Td =0.15 eV, Tp=-0.3eV, 
2 

>- 
I- 
Ln 
Z 
w 

W 
W a 
Q 
I 
0 

Y 

n 

-1 -61 2 4 

S I T E  NUMBER 

FIGURE 3 Spin and charge d e n s i t i e s  v s .  s i t e  number. 

and charge,  C ( C  ),  d e n s i t i e s  of t h e  d (IT) e l e c t r o n  vs .  s i t e  number. 

The local ized-d and i t inerant-IT s p i n s  form t h e  s t a t e  of a sp in -  

d e n s i t y  wave wi th  a s ix- t imes pe r iod .  

d P  

The o p t i c a l - a b s o r p t i o n - s p e c t r a l  i n t e n s i t y  v s .  t h e  a b s o r p t i o n  

~- 

Td=O.l5eV, Tp=-O,3eV, 
Ud=1.5eV, JzO.027 eV 0.4 

> 
I- 
m 
!A 
t- 
z 

IG Y 

2 0.2- 

0 ENERGY(eV)l 

FIGURE 4 S p e c t r a l  i n t e n s i t y  vs. a b s o r p t i o n  energy. 
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energy is  shown i n  F igu re  4 .  The spectrum shows t h e  asymmetric band 

of t h e  IT e l e c t r o n  w i t h  a peak a t  0.02 e V  and w i t h  a t a i l  t o  0.5 e V ,  

and t h e  seven-d i sc re t e  peaks of t h e  d e l e c t r o n .  

A s  t h e  carriers are t h e  IT h o l e s  a t  x=2/3 i n  t h i s  model, t h e  

r e s u l t  is c o n s i s t e n t  w i t h  t h e  experiment of t h e  t h e r m o e l e c t r i c  power 

f o r  0.5 I x i 0.75 i n  CoxNi 

c o n t r i b u t e  t o  t h e  e lectr ic  t r a n s p o r t  and t h e  o r i g i n  of t h e  r-band 

gap i s  t h e  dr-ferromagnetic-exchange coup l ing  at x=2/3 i n  t h e  c o b a l t -  

r i c h  n i c k e l  phthalocyanine iod ide .  

Pc I .  It t u r n s  ou t  t h a t  t h e  IT h o l e s  1-x 

I n  f u t u r e ,  t h e  randomness and t h e  s i t e  energy d i f f e r e n c e  of d 2 z 
e l e c t r o n s  on t h e  N i 2 +  and Co2+ w i l l  b e  taken i n t o  c o n s i d e r a t i o n .  

The au tho r  acknowledges f r u i t f u l  d i s c u s s i o n s  w i t h  P r o f e s s o r  

Kyuya Yakushi. 
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