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SUMMARY 

Photoinduced i o n i c  c o n d u c t i v i t y  in po l y (e thy lene  g l y c o l )  400 PEG4OO)/malachite 

green leuco  h y d r o x i d e  (MGLOH) was ana lyzed  w i t h  pho tochem ica l  r e a c t i o n  of  

MGLOH in i t s  m a t r i x .  The resonance s t r u c t u r e  in pho togenera ted  c a t i o n  lay  in 

t h e  f a v o r  o f  4 , 4 ' - ( d i m e t h y l a m i n o )  t r i p h e n y l m e t h y l c a t i o n  (MG +) under  UV 

i r r a d i a t i o n .  The change in the i o n i c  c o n d u c t i v i t y  was d iscussed w i t h  tha t  in 

g lass t r a n s i t i o n  temperature (Tg) of the ma t r i x  on UV i r r a d i a t i o n .  

I n t r o d u c t i o n  

So l i d  polymer e l e c t r o l y t e s  have much a t t e n t i o n  because of poss ib le  a p p l i c a t i o n  

to  some new e l e c t r o c h e m i c a l  m i c r o d e v i c e s ( 1 , 2 ) .  A d d i t i o n  of  p h o t o f u n c t i o n  in 

t h e i r  a p p l i c a t i o n s ,  such as c o n t r o l  o f  t he  i o n i c  c o n d u c t i v i t y  by p h o t o -  

i r r a d i a t i o n ,  w i l l  make a s o l i d  polymer e l e c t r o l y t e  more a t t r a c t i v e  ma te r i a l s .  

In o r d e r  to  c o n t r o l  the  i o n i c  c o n d u c t i v i t y  by p h o t o i r r a d i a t i o n ,  e i t h e r  the 

number of  conduc t i ve  c a r r i e r  ions or the m o b i l i t y  of  ions should be c o n t r o l l e d  

because the i o n i c  c o n d u c t i v i t y  i s  p r o p o r t i o n a l  to the product  of  the number of  

c a r r i e r  i ons  and the  m o b i l i t y  o f  ions.  We have a l r e a d y  r e p o r t e d  the  unique 

solid polymer electrolyte with photochemical controllable conductivity, whose 

mechanism is based on the control of segmental motion by the photodimerizatien 

of anthryl groups covalently bound to polymer matrix(3). That solid polymer 

electrolyte is classified as the system in which the mobility of ions is 

c o n t r o l l e d ,  because the m o b i l i t y  of  ions i s  deep ly  a f f e c t e d  by the segmental  

m o t i o n  in  the  po lymer  m a t r i x ( 4 ) .  The p r e s e n t  paper  i s  concerned w i t h  the  

fundamental  research fo r  new system, in which the number of  conduct ive  c a r r i e r  

ions i s  c o n t r o l l e d  by means of p h o t o i o n i z a t i o n  of MGLOH. MGLOH is  w e l l  known 

as pho toch romic  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 + and hydroxy anion by UM 

i r r a d i a t i o n ( 5 ) .  I f  p h o t o g e n e r a t e d  i ons  ac t  as c o n d u c t i v e  c a r r i e r  in  the  
m a t r i x ,  r e s u l t i n g  m a t r i x  i s  expected as a new type oT p h o t o f u n c t i o n a l  s o l i d  

polymer e l e c t r o l y t e s .  The change in i o n i c  c o n d u c t i v i t y  by UV i r r a d i a t i o n  was 
d iscussed w i t h  the p h o t e i o n i z a t i o n  process of MGLOH. The change of resonance 

s t r u c t u r e  in  MG + was a l s o  s t u d i e d  at the  s t a n d p o i n t  o f  i n t e r a c t i o n  of  t h i s  
ca t i on  and PEG. 
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Exper imen ta l  

PEG400 (Kanto ChemicaI Co., I n c . )  was d r i e d  in  vacuo at  I00~ f o r  24 h. M6LOH 

( A l d r i c h  C h e m i c a l  Company, I n c . )  was r e c r y s t a l l i z e d  t w i c e  w i t h  d i e t h y l  

e the r /n -hexane ,  and was ob ta ined  as wh i t e  c r y s t a l .  The s o l u t i o n s  were i r r a d i a t e d  

w i t h  500 W Xe lamp through the  U330 f i l t e r  (HOYA Color  F i t t e r  Glass, t ransparen t  

r ang ing  240-410 nm) at  cons tan t  i n t e n s i t y .  Dur ing the  i r r a d i a t i o n ,  the  temper-  

a t u r e  was c o n t r o l l e d  at  30~ w i t h  the rmos ta t  under a n i t r o g e n  atmosphere. UV-Vis 

a b s o r p t i o n  s p e c t r a  o f  t h e  sample  s o l u t i o n s  were o b t a i n e d  w i t h  d o u b l e  beam 

s p e c t r o p h o t o m e t e r  (Shimazu UV-2200).  Tg was d e t e r m i n e d  by DSC (Mac Sc ience  

DSC-3100) method.  A s c a n n i n g  r a t e  was 20~ -T ove r  t he  t e m p e r a t u r e  range 

f rom -120 to  100~ The i o n i c  c o n d u c t i v i t y  o f  t he  s o i u t i o n s  was measured w i t h  

c o n d u c t i v i t y  meter Hor iba DS-14) a t  25~ 

Resu l ts  and d i scuss ion  

Photochemical  r e a c t i o n  of  MGLOH was i n v e s t i g a t e d  in PEG400 s o l u t i o n  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 .  Fig.  1 shows the  change in  absorbance of  

MGLOH c h a r a c t e r i s t i c  bands w i t h  t he  i r r a d i a t i o n  t ime .  At t he  i n i t i a l  s tage ,  

the  absorbances  a t  311 and 632 nm c o r r e s p o n d i n g  to  MG + inc reased  and t h a t  at  

266 nm c o r r e s p o n d i n g  t o  MGLOH decreased  g r a d u a l l y  by UV i r r a d i a t i o n .  These 

r e s u l t s  suggest  t h a t  i o n i c  d i s s o c i a t i o n  of  M6LOH proceeds in  PEG400 s o l u t i o n .  

However a t  abou t  1 h a f t e r  i r r a d i a t i o n ,  t h e  absorbance  at  632 nm g r a d u a l l y  

decreased v i a  maximum p o i n t .  For t h i s  change in  spectrum co r respond ing  to  MG +, 

we no te  t h a t  t h e r e  i s  a resonance s t r u c t u r e  in  M6 + as desc r i bed  in  scheme I. 

In  o r d e r  t o  o b t a i n  some i n f o r m a t i o n  on t h i s  resonance s t r u c t u r e ,  pho tochemica l  

i o n i c  d i s s o c i a t i o n  o f  t r i p h e n y l m e t h y l  a l c o h o l  [ (C6H5) 3COH] (TPMOH) was 

a n a l y z e d  i n  PEG400. TPMOH i s  a l s o  w e l l  known to  d i s s o c i a t e  i n t o  t r i p h e n y l -  

m e t h y l c a t i o n  and h y d r o x y  a n i o n  by UV i r r a d i a t i o n .  TPMOH however  have  no 

d i m e t h y l a m i n o  group as auxochrome, and r e s u l t i n g  pho togene ra ted  c a t i o n  do not 

show resonance  i n  i t s  s t r u c t u r e  as seen in  MG +. The i n c r e a s e  of  absorbance  

o n l y  a t  310 nm was obse rved  when t he  p h o t o d i s s o c i a t i o n  of  TPMOH was c a r r i e d  

out  in  PEG400 by UV i r r a d i a t i o n .  These r e s u l t s  i n d i c a t e  tha t  resonance s t r u c t u r e  

in  M6 + l i e s  in  the  f a v o r  of  t r i p h e n y t m e t h y l c a t i o n  (Scheme l - a ) .  I t  i s  w e l l  known 

t ha t  a l k a l i  meta l  c a t i o n  i s  coo rd ina ted  by PEG s i m i l a r l y  to  crown e ther ,  because 

PEG has e l e c t r o n - d o n a t i n g  e the r  oxygen in t h e i r  u n i t  s t r u c t u r e .  When the spect ra  

o f  PEG c o n t a i n i n g  L iCI04 was ana lyzed as a f u n c t i o n  of  L iCI04 concen t ra t i on ,  the 

a b s o r b a n c e  a t  280 nm was found t o  dec rease  w i t h  i n c r e a s i n g  L i C I 0 4  concen -  

t r a t i o n  as shown in  F ig .  2. Th i s  was p r o b a b l y  a t t r i b u t e d  to  the  i n t e r a c t i o n  

be tween  PEG and d i s s o c i a t e d  i o n s ,  because such a s p e c t r a l  change was no t  

observed when n o n - i o n i c  subs tance was d i s s o l v e d  i n t o  PEG400. When the  spec t ra  

o f  PEG400 c o n t a i n i n g  M6LOH was ana l yzed  a f t e r  i r r a d i a t i o n ,  the  same s p e c t r a l  

change was revea led  to  be observed as shown in  Fig. 3. Namely, the absorbance at  

286 nm g r a d u a l l y  decreased by UV i r r a d i a t i o n .  This  i n d i c a t e s  tha t  photogenerated 

ions  i n t e r a c t  w i t h  PEG400. A c t u a l l y ,  the  Tg of  PE6400 c o n t a i n i n g  10 wt% M6LOH 
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Fig. 1 Time dependence of absorbance 
for  MGLOH in PEG400 under UV i r r a d i -  
ation. [MGLOH]=O. ImM. 
0,266nm; E],311nm; 0,632nm. 
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Fig. 2 Var ia t ion of absorption spectra 
for  PEG400 so lu t ion  of L iCI04 

Fig. 3 Absorpt ion spectra f o r  MGLOH 
in PEG400 under UV i r rad ia t ion .  
Broken l i ne ,  dark 12 h a f t e r  i r r a d i -  
a t ion fo r  4 h. [MGLOH]=O. ln~ 

increased from -72.1~ to -70.8~ under UV i r r a d i a t i o n  a f t e r  10 h (Table 1). 
This resu l t  supports that  photogenerated ions in te rac t  w i th  PE6 as a sotvent. 
On the other hand, the photo ion ized M6 + and hydroxy anion are wet1 known to 
show backward react ion  in to  BdLOH under dark. In t h i s  system, the absorbance 
at 311 nm corresponding to M6 + g radua l l y  decreased under dark, but tha t  at 
286 nm corresponding to i n t e r a c t i o n  did not re turn .  This was a t t r i b u t e d  to 
the strong coordinat ion of ion ic  species by PEG (6). 
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Table 1 Glass t r a n s i t i o n  temperature for  
MGLOH in PEG400 under UV i r rad ia t i on .  

I r r a d i a t i o n  Time (h) Tg (~ a) 

0 -72. 1 
10 -70.8 

a) Determined by DSC method; [MGLOH] :10 wt% 
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Fig. 4 Time dependence of i on ic  conduc t i v i t y  for  MGLOH 
in PEG400 under UV i r r a d i a t i o n  at 25~ [MGLOH]=IOmM 

Time dependence of i o n i c  c o n d u c t i v i t y  was measured fo r  PEG400 c o n t a i n i n g  
MGLOH under UV i r r a d i a t i o n  (Fig. 4). The i on i c  c o n d u c t i v i t y  increased by UV 
i r r a d i a t i o n .  However, increased i o n i c  c o n d u c t i v i t y  d id not go back in  the 
absence of  i r r a d i a t i o n .  Th is  suggests  t h a t  pho togenera ted  ions  act as 
conductive car r ie r ,  but backward react ion in the absence of i r r ad ia t i on  does not 
proceed because of the s t a b i l i z a t i o n  of i on i c  species by PEG400 matr ix.  This 
was also supported by the increase of Tg for  the matr ix a f te r  i r r ad i a t i on .  The 
technique using t h i s  photoinduced i on i c  c o n d u c t i v i t y  w i l l  be also e f f e c t i v e  
to analyze the i on i c  d i s s o c i a t i o n  and conduct ive p roper t ies  in so l i d  polymer 
e l e c t r o l y t e .  Fur ther  i n v e s t i g a t i o n  is  now i n  progress, and w i l t  be reported 
in the near future.  
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