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Summary 
2 ,2 ' -Dimethy lazobenzenes  having metal  c h e l a t i n g  l i gands  a t  meta- 

p o s i t i o n s  were syn thes i zed ,  and the i n t e r a c t i o n  with metal  ions were 
es t ima ted  for  s.$~- and a n L i - l i g a n d s  on thermal  i s o m e r i z a t i o n .  The azo- 
benzenes with the m e t a l - i n t e r a c t i o n  were t ransformed to v i n y l  azoben- 
zenes and copolymerized with s t y r e n e .  The metal  e x t r a c t i n g  a b i l i t y  was 
found in  photo- i somer ized  polymer having s ~ - b i s ( i m i n o d i a c e t i c  acid} 
groups; the s e l e c t i v i t y  was high for Cu(I I )  ion.  

I n t r o d u c t i o n  
Azobenzene and many of i t s  d e r i v a t i v e s  e x h i b i t  l a rge  conformat iona l  

change by r e v e r s i b l e  t r a n s - c i s  t r a n s f o r m a t i o n .  A number of p o i n t e r  
having azobenzene moie t i e s  have been syn thes i zed ;  t h e i r  photo- induced 
s t r u c t u r e  change has rece ived much a t t e n t i o n  for  f u n c t i o n s  as photo- 
r espons ive  polymers,  i n c l u d i n g  the change of v i s c o s i t y ,  pH, c o n d u c t i v i t ~  
s o l u b i l i t y ,  w e t t a b i l i t y ( 1 ) ,  and mechanical  e f f e c t s  in  monolayer system 
(2).  Some azobenzene chromophores having c h e l a t i n g  a b i l i t y  such as 
i m i n o d i a e e t i c  groups (3,4) and a v a r i e t y  of crown e t h e r s  (5) a t  both 
4 , 4 ' - p o s i t i o n  have been syn thes i zed  to mimic the behavior  of ion b ind ing  
a f f i n i t y  in  b i o l o g i c a l  systems and to modify a p h o t o s e n s i t i v e  ion switch; 
t h e i r  ion b ind ing  p r o p e r t i e s  have been c o n t r o l l e d  by photo- induced 
t r a n s - e i s  i s o m e r i z a t i o n .  

Authors have p r e v i o u s l y  repor ted  the syntheses  of s ide  cha in  azo- 
benzene polymers having ion b ind ing  s i t e s  and t h e i r  metal  e x t r a c t i o n  
a b i l i t y ( 6 ) ,  i n  which metal  b ind ing  l i gands  were connected a t  the 3,3 , -  
p o s i t i o n  of both phenyl r i n g s ,  However m e t a - s u b s t i t u e n t  groups in  azo- 
benzene e x i s t  i n  both a n t i -  and s y n - c o n f i g u r a t i o n ,  t h e r e f o r e  the i n t e r -  
a c t i o n  between two b ind ing  s i t e s  could not be kept c o n s t a n t  when the 
azobenzene was isomerized to c i s - fo rm.  

In t h i s  paper,  two methyl groups were s u b s t i t u t e d  a t  the 2 , 2 ' -  
p o s i t i o n  of azobenzene and the c o n f i g u r a t i o n  of metal  b ind ing  s i t e s  a t  
m e t a - p o s i t i o n  were s t e r i c a l l y  c o n t r o l l e d .  The methyl groups a t  or tho-  
p o s i t i o n s  do not  i n t e r f e r e  with c i s - t a n s  i s o m e r i z a t i o n  and do not  e x i s t  
in  s ) ~ - c o n f i g u r a t i o n  by s t e r i c  h i n d r a n c e ( 7 ) ,  so t ha t  two t igands  a t  
3 , 3 ' -  or 3 , 5 ' - p o s i t i o n  can be p re sen t  in  syn-  or a n t i - c o n f i g u r a t i o n .  The 
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d i s t a n c e  between 3,3'- or 3 , 5 ' - b e n z y l i c  p o s i t i o n s  in  azobenzene are 
es t imated  to be 10.0 A and 9.5 A in  the ~rans-form, and 7.8 A and 6.3 A 
in  the c ls - form,  r e s p e c t i v e l y  by space f i l l i n g  molecular  model(8) .  Thus 
m e t a - s u b s t i t u e n t  groups in  the c i s - fo rm become f e a s i b l e  to i n t e r a c t  each 
o ther  compared with those in  the t rans-one.  We syn thes i zed  low molecular  
weight azobenzenes,  i n  which the c h e l a t i n g  l i ga nds  a t  meta -pos i t i ons  
could he brought  c lose  to metal  ions  enough to bind i n t r a m o l e c u l a r l y  in  
e i s - i s o m e r s .  They were the rma l ly  isomerized with or wi thout  metal  ions 
in  order  to e s t ima te  the s p a t i a l  f i t n e s s  between l i gands  and metal  ions ;  
the compounds which may i n t e r a c t  with metal  ions were t ransformed to 
v i n y l - a z o b e n z e n e s ,  and metal  e x t r a c t i n g  e f f i c i e n c i e s  of the r e s u l t i n g  
polymers were i n v e s t i g a t e d .  

Resu l t  and Di scuss ion  

~ m f h e s e s  o f  2 ,2 ' -Dimetby lazobenzene  Der i va t i v e s  and the E f f e c t  o f  Metal 
Ion on Thermal I somer i za t lon  

2 ,2 ' -Dimethy lazobenzenes  having metal  b ind ing  s i t e s  which were modi- 
f ied  c h e l a t i n g  agents  such as e t h y l e n e d i a m i n e t e t r a a e e t i c  ac id ,  and 
p o l y ( e t h y l e n e  g l y c o l ) ( 9 ) .  Both a n t i -  and s3m-azobenzene d e r i v a t i v e s  were 
syn thes i zed  by the b imolecu la r  r e d u c t i o n  of n i t r o b e n z e n e  d e r i v a t i v e s .  In 
the case of s y n t h e s i s  of 2 , 2 ' - d i m e t h y l - 3 , 5 ' - d i a m i n o a z o b e n z e n e ( s > m - d i a m i -  
noazobenzene) by condensa t ion  with d i f f e r e n t  n i t r o t o l u i d i n e ,  th ree  major 
products  were i n e v i t a b l y  formed by s e l f - c o n d e n s a t i o n  by-produc ts  and b i -  
molecular  r e a c t i o n ,  syn-Diaminoazobenzene were p u r i f i e d  by r e e r y s t a l l i -  
z a t i o n  from aqueous methanol and then hexane -e thy l  a c e t a t e  to a f fo rd  
pale  orange c r y s t a l  in  3g % y i e l d .  Although aromatic  pro tons  of i s o l a t e d  
compound could not be d i s t i n g u i s h e d  from two by-products  by 1H-N>IR 
spectrum, two methyl s i g n a l s  with equal i n t e g r a l  va lues  appeared a t  2.5 
and 2.6 ppm, and a higher  f i e l d  peak cou]d be ass igned  as methyl group 



105 

Table 1. Pseudo f i r s t  o rder  r a t e  c o n s t a n t  fo r  i s o m e r i z a t i o n  
of azobenzene d e r i v a t i v e s  

Isomerization 

Azobenzene trans-cis a~ cfs-trans b) 

Zn Cu Ca Pb U02 

syn-TA 
an f i  -TA 
s yn  -EO- 2 
an t i  -EO- 2 
syn-EO- 3 
an t 7 -EO- 3 

2 2  
3 3  
1 4  
3 2 
0 8  
2 9  

1.5 0.6 0.8 1.4 -0.4 -0.I 

2.5 2.0 1.5 1.5 -0.4 -0.7 

3.1 1.6 1.6 3.1 1.9 2.0 
2.1 1.3 1.7 2.0 1.8 1.8 

3.0 1.9 1.3 1.9 1.7 1.9 

2.8 1.8 1.5 1.9 2.1 2.5 

a) P h o t o - i s o m e r i z a t i o n  a t  25 C ( x l 0 - Z / s ) .  b) Thermal i s o m e r i z a t i o n  
with  or wi thou t  metal  ion a t  45 C(x t0 -1 /h )  

e x i s t i n g  between amino- and azo-group.  The p o s s i b i l i t y  t h a t  the i s o l a t e d  
product  was a 1 : l - m i x t u r e  of s e l f - c o n d e n s e d  by-produc t s  ye t  remained, 
whi le  i t s  me l t i ng  po in t  was a t  85-88 C which was much lower than tha t  of 
symmetric an t i -d i aminoazobenzene ,  thus the i s o l a t e d  compound was con- 
f i rmed as asymmetric s y n - d i a m i n o a z o b e n z e n e .  

P h o t o - i s o m e r i z a t i o n  reached a s t a t i o n a r y  s t a t e  w i t h i n  a couple  of 
minutes  and pseudo f i r s t  o rder  c o n s t a n t s  are g iven  in Table 1. The 
e f f e c t  of meta l  a d d i t i o n  on the r a t e  of  p h o t o - i s o m e r i z a t i o n  could not be 
determined q u a n t i t a t i v e l y ,  presumably due to the c a t a l y t i c  e f f e c t  of 
meta l  ions (10 ,11)  and each l igand  might ac t  i ndependen t ly  to form i n t e r -  
molecu la r  2:1 or 1:1 meta l -complexes  to some e x t e n t ( 1 2 ) .  The degrees  of 
thermal  i s o m e r i z a t i o n  were small  even a t  45 C in the case  of  azobenzene 
having l a r g e  molecu la r  weight  s u b s t i t u t i o n  and t he r e  was no r e g u l a r i t y  
for  the r a t e  between s3m- and a n t i - a z o b e n z e n e s .  When the s o l u t i o n  of  
Pb 2§ or U022§ ions  was added to c i s - i s o m e r i z e d  azobenzene,  the absorp-  
t i o n  maxima decreased  wi thou t  L%~-irradiat ion.  Two l i gands  in t r a n s - a z o -  
benzene might c o o r d i n a t e  wi th  metal  ions pos se s s ing  r e l a t i v e l y  l a rge  
i o n i c  l eng th  to induce t r a n s - c i s  i s o m e r i z a t i o n .  The i n h i b i t o r y  e f f e c t  of 
metal  ions  on thermal  i s o m e r i z a t i o n  was observed for  TA, EO-2, and EO-3 
( s t r u c t u r e  in F i g . l ) ;  i t s  e f f i e i e n c i e s  fo r  s bm -con f igu ra t i on  were l a r g e .  
In the ease  of  EO-3, [here  was small  d i f f e r e n c e  in i n h i b i t o r y  e f f e e t  
between s~T- and a n f i - e o n f i g u r a t i o n .  The 3 , 3 ' - l t g a n d s  pos se s s ing  long 
molecu la r  s i z e  might he p o s s i b l e  to c l o s e  each o the r  even in a n t f -  
c o n f i g u r a t i o n .  

MefaI  E x t r a c t T o n  w i t h  Azo -po l3Juer s  
Vinyl polymers having TA- and EO-2-moJet ies  which e x h i b i t e d  some 

i n L e r a e t i o n  wi th  metal  ions on thermal  i s o m e r i z a t i o n  were syn thes i zed  by 
condensa t ion  wi th  p -aminos ty rene  and by a c y l a t i o n  wi th  p - v i n y l b e n z o y l  
c h l o r i d e ;  they were copolymer ized  wi th  s t y r e n e .  Metal e x t r a c t i n g  e f f i c i -  
e n c i e s  were e v a l u a t e d  from d i s t r i b u t i o n  e q u i l i b r i a  of  p i c r a t e  ions 
between aqueous phase and organ ic  phase(13) .  The t r a n s f e r  of  p i c r i c  ac id  
from the aqueous phase was l i t t l e  by EO-copolymers.  R ig id  azobenzene 
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Tabie 2. Metal e x t r a c t i n g  e f f i c i e n c y  of azopolymers 

Polymer Metal ex t rac t ion(%)  ~) 

Isomer c i s - g  a) Ca Zn Cu 

syn-TA trans 4 . i  6.6 7.9 
c i s  35 4.9 22 43 

anti-TA t r ans  1.9 5.9 8.3 
c i s  37 1.8 20 23 

sb~-EO-2 trans 3.6 7.5 10 
c i s  59 3.7 7.0 13 

anti-EO-2 trans 5.3 8.6 12 
c i s  66 8.6 9.0 12 

a) Percentage  of pendant c is -azobenzene ,  b) Ex t rac ted  metal  p i c r a t e  
with azopols~er ;  c i s - ex t .%,  c a l c u l a t e d  by the equa t ion :  (ext.% with 
c i s -po lymer  - trans-% x t rans - ex t .%) / c i s -%.  

r ings  in  EO-moieties might i n t e r f e r e  to form the c y c l i c  s t r u c t u r e  s u i t -  
able  for metal  i on i c  rad ius  and/or  to give h y d r o p h i l i c  c i rcumstance  of 
po lye the r  r i n g ( 9 ) .  

When a benzene s o l u t i o n  of Copoly(TA)s having i on i c  i m i n o d i a c e t i c  
l igands  was v i g o r o u s l y  s t i r r e d  in  an aqueous s o l u t i o n  of metal  p i c r a t e ,  
an i n s o l u b l e  polymer complexed with meta ls  appeared in  both phases 
except calcium ion.  E x t r a c t i o n  of calcium ion was only  in  a small  amount 
by four k inds  of Copoly-(TA)s presumably as consequence of a low complex 
s t a b i l i t y  a g a i n s t  hydroxy an ion  (9) .  The e x t r a c t i o n  of Zn 2§ and Cu 2" 
ions with c i s - i s o m e r s  were l a r g e r  than those of t rans-ones ,  and a s e l e c -  
t i v i t y  ( r a t i o  of e x t r a c t i o n  e f f i c i e n c y  of trans to c i s )  was s i g n i f i c a n t  
in  sbm-azohenzene polymer. Two l i gands  in  syn-azobenzene are c lose  to 
each o ther  by c i s - i s o m e r i z a t i o n ,  the r e s u l t i n g  c o - o r d i n a t i o n  with metal  
ions inc reased  compared with those in  ant i -one .  The s e l e c t i v i t y  for Cu 2§ 
ion i s  s l i g h t l y  higher  than tha t  for Zn 2+ ion.  The phenomenon was q u i t e  
d i f f e r e n t  to the r e s u l t s  for 4 , 4 ' - b i s [ b i s - ( e a r b o x y m e t h y l ) i m i n o m e t h y l ]  
azobenzene(3) and 3 , 3 ' - b i s [ b i s ( c a r b o x y m e t h y l ) a m i n o ]  azobenzene polymer 
(6).  Dis tance  of two l i gands  in  s3~n-cis-azobenzene i s  a pp r op r i a t e  with 
Cu-~onic rad ius  compared with Zn ion possess ing  l a rge  i on i c  r a d i u s .  

Although i t  i s  imposs ib le  to a t t a i n  1 0 0 % - s e l e c t i v i t y ,  t ha t  i s ,  a l l  or 
no th ing  change in ion b ind ing  a b i l i t y  because of the occurrence  of co- 
o r d i n a t i o n  by the mono- tmlnod iace t i c  acid groups,  the amount of immisci -  
ble  e t s -azobenzene  polymer eomplexed with metal  ions slowly decreased 
with s t i r r i n g .  This i n d i c a t e s  tha t  the moderately binded metal  ions  are 
r e l eased  by thermal ~somer iza t ion  of azobenzene m o i e t i e s .  The r e v e r s i b i -  
i i t y  sugges ts  p o s s i b l e  a p p l i c a t i o n s  for  pho t o - r e gu l a t e d  maeromoiecular  
ionophores .  

Experimental 

Syn the s i s  o f  2 ,2 ' -d imethyJazobenzene  d e r i v a t i v e s  
3 , 3 ' - B i s [ b i s ( c a r b o x y m e t h y l ) a m i n o ] - 2 , 2 ' - d i m e t h y l a z o b e n z e n e ( a n t i -  TA): 

3 ,3 ' -d iamino-2 ,2 ' -d ime thy lazobenzene (an t i -d iamino-azobenzene )  was pre-  
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pared by r e d u c t i v e  coup l ing  r e a c t i o n  of  4 - m e t h y l - 3 - n i t r o - a n i l i n e  wi th  
z inc  powder in  75% aqueous methanol  c o n t a i n i n g  sodium h y d r o x i d e ( 1 4 ) ,  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  from 90% aqueous e t h a n o l .  Y i e l d ,  76%. mp, 
126-128 C. 1H-N]v[R(CDCI3): 6, 2 .6 ( s ,6H,  ERa), 3 . 7 ( s ,  4H, NH2), 6 ,6 ,  6.8 
(d, 4H, 3 ,4-ArU) ,  7 . 2 ( d ,  2H, 6-ArH)ppm. 

an t i -TA was p repa red  by c a r b o x y m e t h y l a t i o n  of  a n t i - d i a m i n o a z o b e n z e n e  
wi th  h romoace t i c  a c i d  in  an aqueous a l k a l i n e  e t h a n o l ( 6 ) ,  Y i e l d ,  77%. mp 
220-224 C(deeomp.) .  [R(KBr): 3600-2500(OH), 1700(C=0) cm-~ IH-X~(DMSO 
do) ,  6 : 2 . 6  (s ,  6H, CHa), 4 . 1 ( s ,  8H, CH2), 5 . 9 (b s ,  OH), 6 .8 (d ,  4H, 3 ,4 -  
ArH), 7 . 2 (d ,  2H, 6-ArH)ppm. amos= 327 nm, e=9400(e thano l ) .  Found: C, 
55.79; H, 5.21;  N, 11.91%. Calcd for  C22~24X408: C, 55.93; H, 5.12;  N, 
11.81%. 

syn-Diaminoazobenzene:  r e c r y s t a l l i z e d  from 50% aq. methanol  and then 
a mix ture  of h e x a n e - e t h y l  a c e t a t e ( 9 5 : 5 ) .  Y ie ld ,  36%. mp 85-88 C. ~H-NMR 
(CDCl~), 6: 2.5(s, 3H, 2-CH3), 2.6(s, 3H, 2'-CH3), 6.7-7,2(m, 6H, 
Arg)ppm. 

3,5'-Bis[bis(carboxymethyt)aminoJ-2,2'-dimethylazobenzene(syn-TA): 
Yie ld ,  20%. mp 202-210 C(deeomp.) ~H-NNR(DMSO, d6) ,  6, 2 . 6 ( t ,  6H, CHa), 
4 . 0 ( s ,  8H, CH2), 6 . 6 ( b s ,  OH), 6 .6 -7 .4 (m,  6H, ArH)ppm. amax = 327 nm, e= 
9 6 0 0 ( e t h a n o l ) .  Found: C, 56.17; H, 5.34; N, 1i.40%. 

3,5'-Bis(2-hydroxydiethoxycarbonyl)-2,2'-dimethytazobenzene(syn-EO-2)) 
: 3 , 5 ' - D i c a r b o x y - 2 , 2 ' - d i m e t h y l a z o b e n z e n e  was s y n t h e s i z e d  by a coup l ing  
r e a c t i o n  of  2- and 5 - m e t h y l - 3 - n i t r o b e n z o i c  acid(mp,  270-275 C, decomp.) ,  
and then conve r t ed  to 3 , 5 ' - b t s ( c h l o r o e a r b o n y l ) - 2 , 2 ' - d i m e t h y l a z o b e n z e n e  
wi th  t h i o n y l  eh lo r i de (mp .  118-122 C). B i s ( a c y l  c h l o r i d e )  was condensed 
wi th  d i e t h y l e n e  g l y c o l  in  the p resence  of t r i e t h y l a m i n e .  Y ie ld ,  32%. IR 
(KBr): 3400(0H), 1710(C=O)cm-~. ~H-N>~(CDCla), 6= 2 , 6 ( s ,  3H, 2-CHa), 2.9 
(s ,  3H, 2-CHa), 3 .5 -3 .9 (m,  12H, -CHzOCHzCH2OH), 4 . 4 ( t ,  4H, ArCOO-CH2), 
7 .0 -8 .1 (m,  6H, ArH). amax- 325 nm, e= 10000(e thano l ) .  Found: C, 60.95; 
H, 6.61; N, 6.04%. Calcd for C22H28N208: C, 60.75; H, 6.37; N, 5.90%. 

Syntheses of Azobenzene Polymers 
3 - B i s ( c a r b o x y m e t h y l ) a m i n o - 5 ' - [ N - c a r b o x y m e t h y l - N - ( 4 - v i n y l p h e n y i c a r b a -  

m o y l m e t h y l ) a m i n o ] - 2 , 2 ' - d i m e t h y i a z o b e n z e n e { s s m - v i n y l - T A ) :  A s o l u t i o n  of  
&~3i-TA(1.0 g, 2.1 mmol) and d i cyc lohexy lca rbod i imide (DCC,  0.63 g, 3 
mmol) in  1O0 ml of DHAc was s t i r r e d  a t  room t empera tu r e  o v e r n i g h t ,  and 
then added p -aminos ty r ene  (1 .2  g, 10 mmol) and a smal l  amount of  hydro-  
quinone to the  s o l u t i o n .  The r e a c t i o n  mix ture  was s t i r r e d  a t  50 C for  
5 h, and then poured i n t o  wate r  c o n t a i n i n g  2 g of NaOH. DCC-urea was 
s e p a r a t e d  by f i l t r a t i o n  and u n r e a c t e d  p - a m i n o s t y r e n e  was e x t r a c t e d  wi th  
benzene.  The s o l u t i o n  was a c i d i f i e d  to  pH 2.5;  the  p roduc t  thus  p r e c i p i -  
t a t e d  was f i l t e r e d ,  washed wi th  wa te r ,  and r e c r y s t a l l i z e d  from e t h a n o l .  
Y ie ld .  35%, mp. 155-157 C(decomp.) IR: 1680(amide)cm -1 1H-NMR: 5 . 5 - 5 . 8  
(q, 2H, v iny l )ppm.  Found: C, 82.16; H, 6.27;  N, 11.84%. Calcd fo r  
C30Ha,Ns07: C, 62.80; H, 5.27;  N, 12.21%. 

Vinyl  monomer of  sovm-EO-2 was s y n t h e s i z e d  by a e y l a t i o n  of &vn-EO-2 
wi th  p - v i n y l b e n z o y l  c h l o r i d e  in a c e t o n e .  Yie ld  66%. Found: 64.83; H, 
6.65;  N, 4.68%. Calcd for  CalHa4N20~: C, 65.56; H, 6 .00;  N, 4.63 %. 

C o p o l y ( a n t / - T A ) :  A s o l u t i o n  of an~i-TA(0.1 g) ,  s t y r e n e ( 0 . 7 2  g, 40 
molar  e q u i v a l e n t  to  an t i -TA) ,  and AIBN(0.02 g) in  DMF(5 ml) was hea ted  
a t  55 C fo r  50 h, and poured i n t o  methanol(100 ml) .  Copo ly (an t i -TA)  thus  
p r e c i p i t a t e d  was f i l t e r e d ,  and tho rough ly  washed wi th  methanol .  A pend- 
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ant  azobenzene u n i t  was c a l c u l a t e d  from an absorbance at  325 nm. Copoly- 
(ant i-TA):  Yield,  46%. Azobenzene u n i t ,  1.41%. [7  ]= 0.064 dlg - t  in  
benzene a t  25C. 
Copoiy(syn-TA): Yield 48%. Azobenzene u n i t ,  0.95%. [ ~]=0.062 d lg - t  
Copoly(anti-EO-2): Yield ,  45%. Azobenzene u n i t ,  2.8%. [ ~]=0.059 dig -~ 
Copoly(syn-EO-2):  Yie ld ,  48%. Azobenzene u n i t ,  2.9%. [ ~]=0.083 dlg -~.  

Isomerizat ion and kletal Ex trac t ing  E f f i c i e n c y  
A s o l u t i o n  of azobenzcnc d e r i v a t i v e ( 1 . 2 5  x 10-4M1-1) in  10% aq. 

e thano l  c o n t a i n i n g  1.2 e q u i v a l e n t  of NaOH was i r r a d i a t e d  a t  25 C us ing  a 
75W-high p re s su re  Hg lamp with UV-cut f i l t e r ( T o s h i b a  UV-310)(15). The 
r a t e  c o n s t a n t s  was c a l c u l a t e d  by moni to r ing  the a b s o r p t i o n  maxima of 
t r a n s - i s o m e r ( ~ - . * - b a n d ) ;  the f i r s t  order  p l o t s  were g e n e r a l l y  l i n e a r  for  
a h a l f  per iod  to reach a s t a t i o n a r y  s t a t e .  The degree of i s o m e r i z a t i o n  
was c a l c u l a t e d  on the assumption t h a t  an a b s o r p t i o n  of cls - i somer  would 
be n e g I i g i b l e  a t  the ~-~*-band of t rans- isomcr(16) .  

Metal e x t r a c t i o n  was conducted by v igorous  s t i r r i n g  a benzene so lu -  
t i o n  of c l s - i somer i zed  p o l y m e r ( c o n c e n t r a t i o n  of azobenzene u n i t ,  10 -3 
M1-1) i n  an aqueous p i c r i c  ac id  s o l u t i o n  (10-3M1-1) c o n t a i n i n g  metal  
hydrox ide(2 .5  x 10-3M1-1) for  30 min. An i n s o l u b l e  metal  complexed with 
polymer was separa ted  by c e n t r i f u g a t i o n ;  the c o n c e n t r a t i o n  of p i c r a t e  
ion in  the aqueous phase was determined s p e c t r o p h o t o m e t r i c a l l y .  
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