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EPR STUDY OF PHOTOINDUCED DEFECT STATES I N  A QUASI-ONE- 
DIMENSIONAL HALOGEN-BRIDGED PLATINUM COMPLEX. 

SUM10 OTA AND SUSUMU KURITA 
Laboratory of Applied Physics ,  F a c u l t y  of Engineering, 
Yokohama National  Univers i ty ,  Hodogaya, Yokohama/240 JAPAN 

Abstr- The photo-induced d e f e c t  s t a t e s  i n  a quasi-  
one-dimensional, chlor ine-br idged platinum complex 
( P t - C 1 )  w e r e  s t u d i e d  by e l e c t r o n  paramagnetic 
resonance ( E P R ) .  The EPR s p e c t r a  cons i s t ed  of t h e  
u s u a l  band with t h e  well-known f i v e - f i n e  s t r u c t u r e  as 
w e l l  as some new bands when t h e  sample a t  helium 
temperature  was e x c i t e d  by u l t r a  v i o l e t  l i g h t .  The new 
bands w e r e  l oca t ed  a t  about 93 gauss on both s i d e s  of 
t h e  c e n t r a l  peak of t h e  usua l  band when t h e  X band i s  
used.  The new bands were l e s s  s t a b l e  than  t h e  usua l  
band and completely disappeared a t  about 30K. These 
i n d i c a t e  t h a t  t h e  photoinduced s ta tes  cons i s t ed  of a t  
l eas t  two kinds of d e f e c t s .  

I" 

The halogen-bridged, mixed-valence t r a n s i t i o n  metal  

complexes have a doubly degenerate  l i n e a r  cha in  s t r u c t u r e :  

. . . . -X-M4+-X-MZ+-X-M4+-X-MZ+-x-M4+- . . . .  
where X r e f e r s  t o  t h e  halogen atom ( C 1 ,  B r ,  I )  and M t o  t h e  

t r a n s i t i o n  m e t a l  ( N i ,  P t ,  Pd) . A s i n g l e  c r y s t a l  of [ P t  ( en )z ]  

[ P t  ( en )  2 C 1 ~ 1  ( C l o g )  4 ( abbrevia ted  a s  P t - C 1 ,  h e r e a f t e r )  , where en 

i s  ethylenediamine,  was used i n  t h i s  r e p o r t .  I n  t h e  P t - C 1  

chain,  t h e  c h l o r i n e  ions  a r e  loca t ed ,  not a t  t h e  midpoint 

between t h e  P t z +  and P t 4 +  ions ,  but  a t  a po in t  c l o s e r  t o  t h e  

P t 4 +  i o n .  This p e r i o d i c a l l y  a l t e r n a t i n g  valence of t h e  P t  i ons  

can be regarded as a charge d e n s i t y  wave with a commensurable 
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880 S. OTA AND S. KURITA 

index of 2 .  Moreover, t h e  P t - C 1  chain i s  surrounded by n e u t r a l  

l i gands  of e thylenediamine.  Therefore ,  t h e  i n t e r a c t i o n  between 

t h e  d i f f e r e n t  P t - C 1  cha ins  should be f a i r l y  s m a l l .  These f a c t s  

i n d i c a t e  t h a t  t h e  halogen-bridged, mixed-valence t r a n s i t i o n  

metal  complex q u a l i f i e s  a s  a good one-dimensional compound 

with a doubly degenerate  s t r u c t u r e  ( C D W ) .  I n  such a cha in ,  

i n t r i n s i c  d e f e c t  s t a t e s  ( s o l i t o n s ,  po larons ,  b ipolarons  e t c . )  

a r e  expected t o  be induced by pho toexc i t a t ion .  In  f a c t  

photoinduced midgap absorp t ion  1,2 and EPR3 have been repor ted  

and t h e  d e f e c t s  i n t e r p r e t e d  i n  terms of t h e  polaron model.4.5 

There i s ,  however, another  i n t e r p r e t a t i o n ,  t h a t  of a n e u t r a l  

s o l i t o n  about t h e  EPR s p e c t r a . =  Recently,  Okamoto e t  a l . 1  have 

shown t h e  coexis tence  of polarons and s o l i t o n s  i n  P t - B r  

c r y s t a l s .  I n  t h i s  r epor t  w e  show d e t a i l e d  EPR experimental  

r e s u l t s  of t h e  photoinduced de fec t  s ta tes  i n  P t - C 1  which 

suggest  s t rong ly  t h e  ex i s t ence  of two kinds of d e f e c t  s t a t e s .  

EXPERIMENT 

P t - C l  was synthes ized  by t h e  method descr ibed  previously1 and 

p u r i f i e d  by r e c r y s t a l l i z a t i o n .  S ingle  c r y s t a l s  of t h e  

orthorhombic and monoclinic phases were grown i n  an oven a t  

45OC and i n  a r e f r i g e r a t o r  a t  5OC, r e s p e c t i v e l y .  Samples were 

he ld  i n  a l iquid-hel ium t r a n s f e r  c r y o s t a t  and t h e  temperature  

was c o n t r o l l e d  t o  k 0 . 3 K  from 5 K  t o  3 0 K  and f l K  i n  t h e  h igher  

temperature  range.  The EPR measurement was done by a X band of 

1mW power and a 2 G  modulation amplitude.  The c r y s t a l s  were 

o r i e n t e d  so  t h a t  t h e  cha in  a x i s  was perpendicular  t o  t h e  

magnetic f i e l d .  A mercury lamp was used a s  a l i g h t  source f o r  

t h e  pho toexc i t a t ion .  

RESULTS AND DrscussIoN 

Figure 1 shows t h e  photoinduced EPR s p e c t r a  of a s i n g l e  
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EPR STUDY OF PHOTOINDUCED DEFECT STATES 88 1 

c r y s t a l  of P t - C 1  (orthorhombic) a t  5K. I n  t h e  case ,  

(orthorhombic) i n d i c a t e s  a c r y s t a l  grown i n  t h e  orthorhombic 

(h igh  tempera ture)  phase and, t h e r e f o r e ,  a sample a t  a low 

temperature  changed phases from orthorhombic t o  monoclinic a t  

20OC. Light  of hv=2.85eV w a s  focussed on t h e  sample f ace  with 

an i n t e n s i t y  of about 1 p W / m m 2 .  The time shown i n  t h e  f i g u r e  i s  

t h e  t o t a l  i r r a d i a t i o n  t i m e .  The spectrum without 

pho toexc i t a t ion  shows t h e  usua l  band with a well-known f i v e -  

f i n e  s t r u c t u r e  which i s  always observed a t  7 7 K  for both t h e  

as-grown c r y s t a l  and with pho toexc i t a t ion .  When t h e  sample a t  

5K was i r r a d i a t e d  by t h e  l i g h t ,  new peaks appeared on both 

s i d e s  of t h e  c e n t r a l  peak. These new peaks gave r ise  t o  a 

s a t u r a t i o n  a f t e r  30  min  of p h o t o l y s i s .  The usua l  peaks,  on t h e  

o t h e r  hand, were cont inuously enhanced over t h e  1 2 0  min of 

2.4 2.8 3.2 
MAGNETIC FIELD(k0e) 

I , ') I I 

2.4 2.8 3.2 
MAGNET I C FIELD (kOe) 

FIGURE 1 The d e r i v a t i v e  curves of t h e  EPR of a [ P t  (en)Z] 
[ P t ( e r ~ ) ~ C l ~ ]  ( C 1 0 4 ) 4  s i n g l e  c r y s t a l  a t  5K a s  a func t ion  of 
t h e  i r r a d i a t i o n  t i m e  of pho toexc i t a t ion .  The magnetic 
f i e l d  was app l i ed  perpendicular  t o  t h e  chain a x i s .  Light 
of 2.84eV with an i n t e n s i t y  of about 1pW / m m 2  w a s  used f o r  
t h e  pho toexc i t a t ion .  
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882 S .  OTA AND S. KURITA 

MAGNETIC FIELD( kOe) 

F I G U R E  2 I n t e g r a l  curves  f o r  t h e  fol lowing s p e c t r a :  ( a )  
a f t e r  5 min of pho to lys i s ;  (b)  be fo re  t h e  p h o t o l y s i s  i n  
F ig .1 ;  and t h e  sub t r ac t ion  of t h e s e  ( a - b ) .  The s o l i d  b a r s  
i n d i c a t e  t h e  usua l  bands and t h e  dashed ones t h e  new 
bands.  

p h o t o l y s i s .  F igure  2 shows t h e  i n t e g r a l  curves  f o r  t h e  

fol lowing EPR s p e c t r a :  ( a )  a f t e r  5 min of pho to lys i s ;  (b )  

before  t h e  p h o t o l y s i s  i n  F ig .1 ;  t h e  s u b t r a c t i o n  of t h e s e  (a- 

b ) .  Two new equ iva len t  bands, as wel l  a s  t h e  usua l  bands, grow 

by t h e  pho toexc i t a t ion .  I t  i s  not c lear  whether t h e  new bands 

accompany t h e  c e n t r a l  peak o r  not because t h e  new bands cannot 

be separa ted  from t h e  usua l  bands whereas t h e  i n t e g r a t e d  curve 

(b) does not  show a wel l -def ined symmetric s t r u c t u r e .  

Figure 3 shows t h e  annea l ing  e f f e c t  f o r  t h e  fol lowing case :  

a f t e r  120  min of pho to lys i s  a t  5 K ,  t h e  sample temperature  was 

r a i s e d  t o  20K f o r  5 min and then  cooled t o  5 K  f o r  t h e  EPR 

measurement. This procedure w a s  r epea ted  f o r  a temperature  of 

3 0 K .  A s  seen i n  t h e  f i g u r e ,  t h e  new bands a t  3 0 K  completely 

d i sappea r .  The newly found d e f e c t  v a r i e s  from t h e  well-known 

photoinduced d e f e c t  because of t h e  d i f f e r e n t  behavior  of t h e  

s a t u r a t i o n  t i m e  and thermal  i n s t a b i l i t y .  I f  t h e  photo- 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
39

 1
8 

Fe
br

ua
ry

 2
01

3 



EPR STUDY OF PHOTOINDUCED DEFECT STATES 883 

MAGNETIC FIELD(k0e) 

FIGURE 3 The a n n e a l i n g  e f f e c t  of  t h e  d e f e c t  i nduced  by 
p h o t o l y s i s  f o r  120 min. The EPR spectra w e r e  measured a t  
5 K  a f t e r  5 min a t  20K and 3 0 K .  

e x c i t a t i o n  i s  done a t  a h i g h e r  power, t h e  new bands would be 

bu r i ed  by t h e  g r e a t l y  enhanced u s u a l  band.  The new bands have 

a low i n t e n s i t y  even a t  low t e m p e r a t u r e s  and d i s a p p e a r  a t  3 0 K .  

These a r e  t h e  r e a s o n s  why t h e  new bands have n o t  been found 

2.4 2.8 3.2 
MAGNETIC FIELD(k0e) 

FIGURE 4 D e r i v a t i v e  c u r v e s  of t h e  photoinduced EPR of  
P t - C 1  (monoc l in i c )  a t  5 K  under  t h e  same e x p e r i m e n t a l  
c o n d i t i o n s  as F i g . 1 .  
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884 S. OTA AND S .  KURITA 

until now. To study the sample dependence of the new bands, we 
repeated the experiment with a crystal grown in the monoclinic 
phase which did not change phase during the experimental 
treatments. Figure 4 indicates that with the Pt-Cl(monoc1inic) 
crystal, the new bands were not produced by photoexcitation. 
As shown in Fig.3, Pt-C1 (orthorhombic) crystals were found to 
have two different sorts of photoinduced defect states. Then, 
it is concluded that the phase change of the crystal is an 
important factor in the generation of the newly found 
photoinduced defect states. The defect is very likely located 
at a chain edge which may be produced occasionally by a 
breaking of the chain during the process of phase change. This 
conclusion stems from the fact that a crystal which 
experiences a phase change becomes very fragile. The EPR 
spectra of the new defect may consist of a central peak which 
coincides with the central peak of the usual band and the two 
symmetric peaks on both sides of the central peak. One 
candidate for the newly found defect state is an electron 
localized at a platinum atom on the chain edge. 
In conclusion, the newly found band is induced by 
photoexcitation only at low temperatures and disappear at 30K 
completely. It is photoinduced only on the samples which have 
experienced the phase change. 
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