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SUMMARY 

The solid f i lm of poly[(~-methoxy) oligo(oxyethylene) methacrylate] [P(MEO)] 

doped with malachite green leuco hydroxide (MGLOH) or triphenylmethylalcohol 

(TPMOH) has been prepared as a new type of sol id polymer e lect ro ly te  with 
controllable ionic conductivity upon photoirradiation. The ionic conductivity 

for P(MEO) f i lm doped with 0. Imo1% MGLOH or 0.05mo1% TPMOH increased with UV 

i r rad ia t ion .  This suggests that the photogenerated ions act as conductive 

carrier in the matrix. In particular, for the TPMOH doped film, the effect of 

TPMOH content on the ionic conductivity change has been analyzed with the 

change of glass transition temperature (Tg) upon UV irradiation. 

INTRODUCTION 

Since the repoFt on sol id polymer electFolytes to be applicable to electro- 

chemical devices, this f ie ld  has stimulated considerable attentions. Actually, 

there have been many papers on sol id  state ba t te ry ( | -3 ) ,  electrochromic 
display(2,4,5) and so on. Further, some applications to microelectrochemical 

devices such as transistor(6) have been reported. Our interest is to prepare 

a new type of sol id polymer electFolytes with photofunctions, for example, 
the sol id  polymer e lec t ro ]y te  with cont ro l lab le  ionic conduct iv i ty upon 

pho to i r rad ia t i on .  The ionic conduct iv i ty  ( o )  can be expressed by the 

f o l l o w i n g  equat ion,  O :  ~ q T ' ~  

where q ,  n ,  and ~ are the charge of ions, the number of c a r r i e r  ions, and the 

m o b i l i t y  of  ions, r e s p e c t i v e l y .  I f  n or ~ was c o n t r o l l e d  by p h o t o - s t i m u l i ,  

s o l i d  po lymer  e l e c t r o l y t e s  w i t h  c o n t r o l l a b l e  i o n i c  c o n d u c t i v i t y  would  be 

r e a l i z e d .  We have a l r e a d y  r e p o r t e d  t h e  p h o t o f u n c t i o n a l  s o l i d  p o l y m e r  

e l e c t r o l y t e  in  wh ich  U i s  c o n t r o l l e d  upon p h o t o i r r a d i a t i o n ( 7 ) .  A n t h r y l  
groups c o v a l e n t l y  bound to  the polymer were used as the pho to func t iona l  group in 

the ma t r i x .  As a n t h r y l  group i s  w e l l  known to  show d i m e r i z a t i o n  behav ior  upon 
p h o t o i r r a d i a t i o n ,  the  p rog ress  of  p h o t o d i m e r i z a t i o n  e f f e c t s  the  decrease of  
segmenta l  mot ion  o f  the  po lymer  m a t r i x .  ~ was decreased upon p h o t o i r r a d i -  

a t i o n  because U in  s o t i d  po lymer  e l e c t r o l y t e s  was f a c i l i t a t e d  by segmental  

mot ion  and, consequen t l y ,  the c o n d u c t i v i t y  decreased. We have a l so  r e p o r t e d  
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t h a t  n is c o n t r o l l e d  upon p h o t o i r r a d i a t i o n  to  PEG400 (Po l ye thy l ene  g l y c o l  
w i t h  m o l e c u l a r  we igh t  o f  400)/MGLOH as the  model m a t r i x  f o r  s o l i d  po lymer  

e l e c t r o l y t e ( 8 ) .  MGLOH and TPMOH are  w e l l  known as a pho toch rom ic  m a t e r i a l  

which d i s s o c i a t e s  i n t o  MG c a t i o n  or  t r i p h e n y l m e t h y l  c a t i o n  and hydroxy anion 

upon UV i r r a d i a t i o n ( 9 , 1 0 ) .  The c o n d u c t i v i t y  a c t u a l l y  i n c r e a s e d  upon 

p h o t o i r r a d i a t i o n .  

The aim o f  t he  p r e s e n t  work i s  to  d e v e l o p  p h o t o i n d u c e d  i o n i c  c o n d u c t i o n  

behav io r  f o r  MGLOH or TPMOH to  s o l i d  m a t r i x .  This m a t r i x  w i l l  be e f f e c t i v e  to  

app l y  the  pho to induced  i o n i c  conduc t i on  behav io r  t o  dev ices .  The c o r r e l a t i o n  

o f  pho tochemica l  r e a c t i o n  of  these  dyes and the change in the  i o n i c  conduc- 

t i v i t y  is  discussed. 

EXPERIMENT 

MGLOH (A ld r i ch  Chemical Co.) and TPMOH (Tokyo Kasei Co.) were c r y s t a l l i z e d  tw ice 

w i t h  d i e t h y l  e the r /n -hexane .  P o l y ( e t h y l e n e  g l y c o l ) 4 0 0  (PEG400, Kanto Chemical 

Co.) was d r i e d  in  vacuo at  IO0~ f o r  24 h. 2 , 2 ' - A z o b i s i s o b u t y l o n i t r i t e  (AIBN, 

Kanto Chemica l  Co.) was c r y s t a l l i z e d  w i t h  m e t h y l  a l c o h o l .  [ ( ~ - M e t h o x y )  

o l i g o ( o x y e t h y l e n e )  me thac ry la te ]  (MEO, Nippon O i l  & Fats Co.) was po lymer ized  

w i t h  AIBN as the i n i t i a t o r  under n i t r o g e n  at 50~ in  d i s t i l l e d  THF f o r  24 h. 

The po lymer  [P(MEO)] was p r e c i p i t a t e d  t w i c e  f rom d i e t h y l  e t he r .  P(MEO) and 
MGLOH or  TPMOH were d i sso l ved  in  d i s t i l l e d  THF, and the r e s u l t i n g  s o l u t i o n  was 

cas t  on to  ITO g l a s s  e l e c t r o d e .  The f i l m  on the e l e c t r o d e  was d r i e d  in  vacuo 

at  40~ f o r  24 h, and was c o n t a c t e d  w i t h  Au s p u t t e r - d e p o s i t e d  on the  q u a r t z  

g l a s s .  C e l t  c o n s t i t u t i o n  was ITO/P(MEO) f i l m  doped w i t h  the  d y e / A u - q u a r t z  

g lass .  The c e l l  was comp le te l y  sea led w i t h  r es i n  to  prevent  the s o l i d  polymer 

e l e c t r o l y t e  f rom the  a b s o r p t i o n  o f  m o i s t u r e .  The c e l l  was i r r a d i a t e d  f rom 

A u - q u a r t z  e l e c t r o d e  s i d e  w i t h  500W Xe lamp t h r o u g h  the  U330 f i l t e r  (HOYA 

Co lo r  F i l t e r  Glass,  t r a n s p a r e n t  r a n g i n g  240-410nm) at  c o n s t a n t  i n t e n s i t y .  

I o n i c  c o n d u c t i v i t y  was c a l c u l a t e d  by the complex impedance method ( S o l a r t r o n  
1260 Impedance A n a l y z e r ) .  Tg was de te rm ined  by DSC method (Mac Science DSC 

3100). D e t a i l s  of  the p repa ra t i on  and measurements were repor ted e a r l i e r ( 8 ) .  
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RESULTS AND DISCUSSION 

Fig. I shows the change in UV-Vis spectFa foF P(ME0) f i lm doped with 0. Imoi% 

MGLOH upon UV iFFadiation at 20~ Upon UV iFradiation, the absorption at 266 nm 

assignable to MGLOH decFeased, and that at around 310 nm and 630 nm assignable 

to M6 cat ion increased. These ind icate  that  photod issoc ia t ion of MGLOH is 

pFoceeded in so l id  f i lm.  HoweveF, the absorption at aFound 630 nm tuFned to 

decFease when t h i s  f i l m  was iF rad ia ted  fOF more than 5 min. The s imi laF 

manner was also obseFved in PEG400/MGLOH system(8). When the f i lm was exposed 

to moisture a f t e r  disappeaFance of the absoFption at around 630 nm, This 

absorption was appeaFed again. This suggests that MG cation does not decompose 

in the matr ix  upon UV i r r a d i a t i o n .  This manneF is probably Felated to the 

Fesonance StFuctuFe Of MG cat ion in the matr ix as descFibed in the pFevious 

papeF concerning PEG400/MGLOH system(8). This was analyzed with photochemical 

Feaction foF TPMOH, which did not show resonance in i t s  cation stFuctuFe, in 

PEG400/TPMOH system�9 Namely, the resonance structure in M6 cation also l i es  

in favoF of 4,4'-(dimethylamino) tr iphenylmethyl cation in P(ME0) matrix upon 

UV iFFadiation. Time dependence of ionic conduct iv i ty  was measuFed for P(ME0) 

f i lm  doped wi th MGLOH upon UV iFFadiat ion (Fig. 2). The ion ic  conduc t i v i t y  

for P(ME0) f i lm doped with 0.1 mo1% MGLOH (vs. ethylene oxide unit) incFeased 

upon UV iFFad ia t i on .  This suggests tha t  the photogenerated ions act as 

conduct ive CaFFieF in P(ME0) matFix iFFespect ive of the Fesonance in i t s  

cation StFuCtUFe. 
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Fig�9 1 Absorption spectra for P(MEO) f i lm doped with 0�9 mol% 
MGLOH upon UV irradiat ion at 20~ 
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Fig. 2 Time dependence of i o n i c  c o n d u c t i v i t y  fo r  P(MEO) f i l m  
doped w i th  0.1 mol% MGLOH upon UV i r r a d i a t i o n  at 30~ 
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Fig. 3 Time dependence of i on i c  c o n d u c t i v i t y  fo r  P(MEO) f i l m  
doped w i th  TPMOH upon UV i r r a d i a t i o n  at 30~ 
[TPMOH] :O, O. 05 mo1%; G, O. I mo1%;m, O. 5 mo1%. 

Photoinduced i o n i c  c o n d u c t i v i t y  f o r  P(MEO)/TPMOH f i l m  was a lso analyzed, 
because t r i pheny lme thy l  ca t ion  photogenerated from TPMOH showed no resonance 
in i t s  s t ruc tu re .  Fig. 3 shows the time dependence of i on i c  conduc t i v i t y  for  
P(MEO) f i rm doped wi th  TPMOH upon UV i r r a d i a t i o n .  P(MEO) f i lm  doped w i th  0.05 
mo1% TPMOH showed larger  increase of i on i c  c o n d u c t i v i t y  upon UV i r r a d i a t i o n .  
Ions photogenerated from TPMOH also acted as conduc t i ve  c a r r i e r .  But the 
t ime dependence of i o n i c  c o n d u c t i v i t y  upon p h o t o i r r a d i a t i o n  var ied w i th  the 
increase of TPMOH concentrat ion.  The increment of the i on i c  c o n d u c t i v i t y  upon 
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Fig. 4 Time dependence o f  Tg f o r  P(MEO) f i l m  doped w i t h  1.0 mol% 

TPMOH upon UV i r r a d i a t i o n .  

UV i r r a d i a t i o n  f o r  P(MEO) f i l m  doped w i t h  0.1 mol% TPMOI4 was s m a l l e r  than  

t h a t  w i t h  0 .05 mei% TPMOH. F u r t h e r ,  a t  t he  TPMOH c o n c e n t r a t i o n  of  0 .5  mol%, 

t he  i o n i c  c o n d u c t i v i t y  a t  f i r s t  i nc reased  upon UV i r r a d i a t i o n ,  but t u rned  to  

dec rease  t h r o u g h  a maximum a f t e r  about  10 min. The change o f  n caused by 

the  p h o t o i o n i z a t i o n  o f  TPMOH is  assumed to  e f f e c t  t h i s  d i f f e r e n c e .  Gene ra l I y ,  

t he  i o n i c  c o n d u c t i v i t y  f o r  s o l i d  po lymer  e l e c t r o l y t e s  i s  s t r o n g l y  r e l a t e d  to  

s a l t  c o n c e n t r a t i o n ( 1 1 , 1 2 ) .  The ~ncrease of  s a i t  c o n c e n t r a t i o n  l eads  t o  the  

i n c r e a s e  o f  i o n i c  c o n d u c t i v i t y  f o r  s o l i d  po lymer  e l e c t r o l y t e s  at  a range o f  

low s a l t  c o n c e n t r a t i o n .  The maximum was, however,  found in  the  s a l t  concen-  

t r a t i o n  dependence of  t he  i o n i c  c o n d u c t i v i t y .  Namely, i o n i c  c o n d u c t i v i t y  a t  

f i r s t  i n c r e a s e s ,  passes t h r o u g h  a maximum, and t hen  dec reases  as t h e  s a l t  

c o n c e n t r a t i o n  i s  inc reased .  Th is  decrease o f  i o n i c  c o n d u c t i v i t y  i s  a t t r i b u t e d  

to  t h e  d e c r e a s e  o f  ~ e x p l a i n e d  by t he  i n c r e a s e  o f  Tg w i t h  i n c r e a s i n g  the  

s a l t  c o n c e n t r a t i o n .  The two opposing e f f e c t s  of  s a l t  concen t ra t i on  on n and 

l e a d  t o  such a change o f  i o n i c  c o n d u c t i v i t y  upon s a l t  c o n c e n t r a t i o n .  Time 

dependence o f  Tg f o r  P(MEO) f i l m  doped w i t h  1 mol% TPMOH upon UV i r r a d i a t i o n  

i s  shown in  F ig  4. The Tg o f  t h i s  f i l m  i n c r e a s e d  upon UV i r r a d i a t i o n .  Th is  

suggests  t h a t  pho togenera ted  ions i n t e r a c t  w i t h  po lymers  as g e n e r a l l y  observed 

in  s o l i d  po lymer  e l e c t r o l y t e s .  The c o n t i n u o u s  UV i r r a d i a t i o n  f a c i l i t a t e d  the  

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

t r a t i o n  i n  t he  m a t r i x .  T h e r e f o r e ,  t he  change of  i o n i c  c o n d u c t i v i t y  as shown 

in  Fig.  3 was p r o b a b l y  i n f l u e n c e d  by the  f a c t o r  o f  ~ as w e l l  as n .  Namely, 

the  i nc rease  of  i o n i c  c o n d u c t i v i t y  in  P(MEO) f i l m  doped w i t h  0.05 and 0.1 mol% 

TPMOH was c e n s i d e r a b i y  due t o  the  i n c r e a s e  o f  n upon UV i r r a d i a t i o n .  On the  

o t h e r  hand, f o r  t he  f i l m  doped w i t h  0 .5  mel% TPMOH, the  change in  t he  i o n i c  

c o n d u c t i v i t y  was due t o  t h e  i n c r e a s e  o f  n upon UV i r r a d i a t i o n  a t  f i r s t  

10 min. The i n c r e a s e  of  n in the  m a t r i x  caused the  decrease of  ~ because of  

i o n - p o l y m e r  i n t e r a c t i o n  and, c o n s e q u e n t l y ,  t he  i o n i c  c o n d u c t i v i t y  decreased  

upon i r r a d i a t i o n .  The s i m i l a r  change in  the  i o n i c  c o n d u c t i v i t y  was a l s o  found 
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for  the f i lm  doped wi th  1 mol% MGLOH. The d i f fe rence in the ion ic  conduc t i v i t y  
change upon UV i r r a d i a t i o n  fo r  the f i l m  doped w i t h  MGLOH and TPMOH at the 
same c o n c e n t r a t i o n  may be a t t r i b u t e d  to the i n t e r a c t i o n  of polymer and MG 
c a t i o n  or t r i p h e n y l m e t h y l  c a t i o n .  Consequent ly ,  the photo induced i o n i c  
conductor  has become f e a s i b l e  to dope the dye, which d i s soc i a t es  i n t o  the 
ions upon photo i r rad ia t ion ,  in to  the matrix for  so i id  polymer e lect ro ly tes.  
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