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SOLID STATE ANIL PHOTOCHROMISM+ 

EUGENE HADJOUDIS AND I .  MOUSTAKALI-MAVRIDIS 
I n s t i t u t e  o f  P h y s i c a l  C h e m i s t r y ,  N.C.S.R."Demokri tos"  
153 10 Aghia P a r a s k e v i - A t t i k i ,  Greece. 

Bbstract We r e p o r t  i n  t h i s  paper on t h e  work i n  
photochromism and thermochromism o f  a n i l s  i n  o u r  
l a b o r a t o r y  and p u t  t h i s  work i n  c o n t e x t  w i t h  t h e  p a s t .  
Thus ,  resu l t s  w i t h  a n i l s  c o n t a i n i n g  a he te ro -a tom i n  
t h e  a n i l i n e  r i n g ,  a n i l s  w i t h  t h e  t h e n y l a m i n e  moie ty  
i n s t e a d  o f  a n i l i n e  and mils w i t h  t h e  CH2 g r o u p i n g  
between t h e  n i t r o g e n  i n  t h e  b r i d g e  and t h e  a n i l i n e  o r  
t h e  theny lamine  g roup  are compared w i t h  t h o s e  o f  
N - s a l i c y l i d e n e a n i l i n e s .  

The b a s i c  r e s e a r c h  on s o l i d  photochromic  materials is 
growing  s i n c e ,  i n  a d d i t i o n  t o  t h e  s c i e n t i f i c  i n t e r e s t ,  
t h e r e  is c o n s i d e r a b l e  commerc ia l  i n t e r e s t .  A n i l s  
c o n s t i t u t e  a large c lass  o f  photochromic  compounds i n  
which t h e  c r y s t a l  s t r u c t u r e  h a s  been  c o r r e l a t e d  w i t h  
photochromism. 

The r e v e r s i b l e  s o l i d  s t a t e  p h o t o c o l o r a t i o n  o f  a n i l s  o f  
s a l i c y l a l d e h y d e s  (1) was f i r s t  obse rved  by S e n i e r  and 
co -worke r s l ,  who n o t e d  t h a t  o f  t h e  r i n g - s u b s t i t u t e d  mils 
o n l y  a few were photochromic  and t h a t  po lymorph ic  
m o d i f i c a t i o n s  of  t h e  same a n i l  were n o t  n e c e s s a r i l y  a l l  
pho tochromic .  These  two o b s e r v a t i o n s  r e v e a l e d  t h e  
topochemica l  e f f e c t  on photochromism, b u t  a f i r m  s t a t e m e n t  
a t  t h a t  time was n o t  made b e c a u s e  o f  ill d e f i n e d  

+ The p r e s e n t  paper is d e d i c a t e d  t o  MENDEL D.COHEN who 
c o n t r i b u t e d  a l o t  i n  t h e  f i e l d  o f  a n i l  photochromism. 
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32 E .  HADJOUDIS AND I .  MOUSTAKALI-MAVRIDIS 

5 6  H 

e x p e r i m e n t s ,  e s p e c i a l l y  w i t h  p r o p e r l y  r i n g - s u b s t i t u t e d  
d e r i v a t i v e s  and v a r i a t i o n s  o f  t e m p e r a t u r e .  
Cohen and co-workersz-4 u n d e r t o o k  a more systematic s t u d y  
of c r y s t a l l i n e  a n i l s  o f  s a l i c y l a l d e h y d e s  and conf i rmed  
t h a t  many a n i l s  are  d i m o r p h i c  and t h a t  t h e  two fo rms  
o c c a s i o n a l l y  d i f f e r  i n  c o l o r ,  y e l l o w  and o r a n g e - r e d .  They 
a l s o  n o t e d ,  i n  t h e  photochromic  a n i l s ,  t h e  e x i s t e n c e  o f  
two t e m p e r a t u r e  l i m i t s ,  t h e  v a r i a t i o n  of s i z e  o f  t h e  
temperature i n t e r v a l  ( t h e  "working  r a n g e "  and t h e  
impor t ance  o f  t h e  &-OH g r o u p 2 . a .  I t  was f u r t h e r  found 
t h a t  " s t r u c t u r a l  mimicry" was o p e r a t i n g ,  an e f f e c t  t h a t  
c o n s t i t u t e s  a p a r t i c u l a r l y  s t r i k i n g  example o f  
t opochemica l  c o n t r o l .  Fo r  example,  t h e  s t a b l e  c rys ta l  form 
o f  N-sal icy1  idene-4-c h l o r o a n  i l i n e  is thermochromic  , 
whereas  t h e  s t a b l e  form o f  t h e  c o r r e s p o n d i n g  
b romo-de r iva t ive  is  pho tochromic ,  t h u s  showing t h e  a b s e n c e  
of  an a p p a r e n t  c o r r e l a t i o n  o f  c h e m i c a l  p r o p e r t i e s  w i t h  t h e  
e l e c t r o n i c  c h a r a c t e r i s t i c s  o f  t h e  s u b s t i t u e n t s d .  

We have ex tended  t h e  s t r u c t u r a l  s t u d i e s 6  i n  t h r e e  
ana logous  se r ies  o f  h e t e r o c y c l i c  mi l s  ( 2 ) .  I n  t h e  case 
of  salicylidene-2-aminopyridines, a l l  t h e  c r y s t a l l i n e  

( 2 )  
s a l i c y l i d e n e - 2 -  s a l i c y l i d e n e - 3 -  s a l i c y l i d e n e - 4 -  
a m i n o p y r i d i n e s  a m i n o p y r i d i n e s  a m i n o p y r i d i n e s  

compounds examined were found t o  be  thermochromic .  T h i s  
g e n e r a l i t y  was e x p l a i n e d  on t h e  b a s i s  of t h e i r  c rys ta l  and 

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

1:
25

 1
9 

Fe
br

ua
ry

 2
01

3 



SOLID STATE ANIL PHOTOCHROHISH 33 

m o l e c u l a r  s t r u c t u r e .  Thus t h e  m o l e c u l a r  p a c k i n g  o f  f o u r  
compounds for which t h e  c r y s t a l  s t r u c t u r e s  were s o l v e d e ,  
is c h a r a c t e r i s t i c  o f  t h a t  o f  p l a n a r  m o l e c u l e s  a r r a n g e d  i n  
s t a c k s  a l o n g  t h e  s h o r t e s t  c r y s t a l  a x i s  w i t h  a mean 
i n t e r p l a n a r  d i s t a n c e  o f  3.5 A .  The p l a n a r i t y  is a c h i e v e d  
b e c a u s e  o f  t h e  h e t e r o - n i t r o g e n  of  t h e  p y r i d i n e  r i n g .  I n  
t h e  case o f  N - s a l i c y l i d e n e a n i l i n e s ,  t h e r e  is s t e r i c  
h i n d r a n c e  due  t o  t h e  s h o r t  d i s t a n c e  o f  “2  A be tween t h e  
o r tho -hydrogen  He and t h e  e x o c y c l i c  hydrogen H 7  when t h e  
molecu le  is p l a n a r .  T h i s  r e p u l s i o n  is r e l i e v e d  i n  t h e  
case o f  N-salicylidene-2-aminopyridines b e c a u s e  t h e  
h e t e r o - n i t r o g e n  atom is a lways  a t  t h e  & p o s i t i o n  w i t h  
r e s p e c t  t o  t h e  H 7  hydrogen atom ( F i g u r e  1). The d i s t a n c e  
of  a b o u t  2 . 5  A between t h e s e  a toms c o r r e s p o n d s  t o  normal  
van d e r  Waals c o n t a c t 8 .  

FIGURE 1. D i s t a n c  ( A )  f o r  N - s a l i c y l i d e n e - 2 -  m i n o p y r i d i n e .  

The t h e r n o c h r o m i c  phenomenon was i n t e r p r e t e d  as d u e  t o  a 
s h i f t  i n  t h e  t a u t o m e r i c  e q u i l i b r i u m  (3) as i n  t h e  case o f  

N - s a l i c y l i d e n e a n i l i n e s  i n  which s u c h  a t a u t o m e r i z a t i o n  is 
i n  agreement w i t h  i n f r a r e d  s tud ie s ’ .  
N-Salicylidene-3-aminopyridities are weakly thermochromice  
i n  t h e  s o l i d  s t a t e .  The c r y s t a l  s t r u c t u r e  a n a l y s i s  f o r  t h e  
p a r e n t  compound and f o r  5-methoxysalicylidene-3-aminopyri- 
d i n e  shows0 a r o t a t i o n  o f  t h e  p y r i d i n e  p l a n e  by  14.00. 
T h i s  d e v i a t i o n  from p l a n a r i t y  may b e  r e l a t e d  t o  t h e  weak 
thermochromic b e h a v i o r l o .  
Among N-salicylidene-4-aminopyridines, pho tochromic  and 
thermochromic compounds have  been  found and t h e r e f o r e  
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34 B .  HADJOUDIS AND I .  MOUSTAKALI-MAVRIDIS 

non-p lanar  s t r u c t u r e s  are e x p e c t e d e .  
A l l  t h e  members o f  t h e  h e t e r o c y c l i c  a n i l s  ( 4 )  examined by  
u s  have been found t o  b e  pho tochromic  i n  r i g i d  glasses a t  
s p e c t r o s c o p i c  d i l u t i o n  and t h e  a p p l i c a t i o n  o f  f l a s h  
t e c h n i q u e s  h a s  p e r m i t t e d  t h e  a n a l y s i s  o f  similar b u t  
t r a n s i e n t  phenomena i n  s o l u t i o n l o .  Thus t h e  t r a n s i e n t  
a b s o r p t i o n  spec t rum o f  N-salicylidene-2-aminopyridine 
shows a spec t rum similar t o  t h a t  of t h e  p h o t o p r o d u c t  i n  
r i g i d  glasses.  The k i n e t i c  and spectral  c o n s i d e r a t i o n s  o f  
t h i s  compound i n d i c a t e d  a q u i n o i d  p h o t o p r o d u c t  h a v i n g  an  
a c t i v a t i o n  e n e r g y  o f  2.8 kca l /mole  f o r  t h e  d a r k  back  
r e a c t i o n .  Thus a g a i n ,  as i n  N - s a l i c y l i d e n e a n i l i n e s ,  when 
t h e  f a c t o r  of c r y s t a l l i n i t y  is l o s t ,  as i n  r i g i d  glasses 
and s o l u t i o n s ,  and t h e  o r i e n t a t i o n  of t h e  m o l e c u l e s  is 
random, a l l  t h e  m o l e c u l e s  of  t h e s e  t h r e e  classes appear t o  
be photochromic .  

ECT OF 

The problem of  t h e  e f f e c t  o f  c r y s t a l  s t r u c t u r e  on t h e  
photochromic  p r o p e r t i e s  o f  S c h i f f  bases c o n t i n u e s  t o  be  o f  
i n t e r e s t .  
I n  a c o n t i n u a t i o n  o f  p r e v i o u s  e f f o r t s 5 . 1 0  t o  c o r r e l a t e  t h e  
c r y s t a l  s t r u c t u r e  w i t h  photochromism and /o r  thermochromism 
of  t h e  c r y s t a l l i n e  S c h i f f  b a s e s ,  w e  p r e p a r e d  a number o f  
compounds among which w e  hoped t o  f i n d  m o l e c u l e s  c l e a r l y  
d i s p l a y i n g  b o t h  photochromic  and thermochromic  p r o p e r t i e s ,  
as opposed t o  t h e  e x c l u s i v e  pho tochromic  or thermochromic 
b e h a v i o r  s t u d i e d  so far. The compounds prepared were 
d e r i v a t i v e s  of  N-salicylidene-2-thenylamine and 
N-salicylidene-2-benzylaminel1, s i n c e  i t  appeared t h a t  
s u c h  b e h a v i o r  might  r e s u l t  f rom s a l i c y l i d e n e  d e r i v a t i v e s  
i n  which t h e  amine is a l i p h a t i c  or t h e  amino g r o u p  is 
i n s u l a t e d  from t h e  r i n g .  
Among t h e  compounds p r e p a r e d ,  i n  which t h e  amino g r o u p  is 
i n s u l a t e d  from t h e  r i n g  by t h e  -CHz-grouping , 
photochromic  and thermochromic  examples have  been  obse rved  

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

1:
25

 1
9 

Fe
br

ua
ry

 2
01

3 



SOLID STATE A N I L  PHOTOCHROMISM 35 

and a l s o  a clear case ( i n  e a c h  g r o u p )  o f  a compound 
d i s p l a y i n g  b o t h  phenomena. These  m o l e c u l e s  are n o t  p l a n a r  
due  t o  t h e  me thy lene  g r o u p  i n s e r t e d  i n  t h e  b r i d g e l z .  The 
s a l i c y l a l d i m i n o  moie ty  o f  t h e  m o l e c u l e  is p l a n a r ,  however, 
t h u s  a l l o w i n g  t h e  f o r m a t i o n  o f  t h e  i n t r a m o l e c u l a r  hydrogen 
bond.  Due t o  t h e  n o n - p l a n a r i t y  o f  t h e  molecu le  t h e  c h a r a -  
c t e r i s t i c  p a c k i n g  o f  f l a t  m o l e c u l e s  w i t h  a 3.5 A d i s t a n c e  
between p l a n e s  was n o t  obse rved  ( F i g u r e  2 ) .  

FIGURE 2 .  A view o f  
N-(4-OCHs-salicylidene)-2-thenylamine. 

I n  t h e  S c h i f f  b a s e  s e r i e s  t h e  hydrogen atom o f  t h e  
--OH g roup ,  which fo rms  a hydrogen bond w i t h  t h e  
n i t r o g e n  o f  t h e  C=N b r i d g e  yia a six-membered r i n g , c a n  b e  
c o n s i d e r e d  as h a v i n g  two wel ls  i n  t h e  p o n t e n t i a l  e n e r g y  
s u r f a c e ,  c o r r e s p o n d i n g  t o  two p o s s i b l e  s t a t e s ,  one  i n  
which t h e  hydrogen is bonded t o  t h e  oxygen and one  t o  t h e  
n i t r o g e n .  The l a t t e r ,  is d i f f e r e n t  i n  t h e  thermochromic  
c r y s t a l s  t h a n  t h a t  o f  t h e  photochromic  o n e s  s i n c e  i n  t h e  
l a t t e r  c a s e  a n  i s o m e r i z a t i o n  a b o u t  t h e  C=N bond i s  r e q u i r e d  

i n  o r d e r  t o  s t a b i l i s e  t h e  p h o t o p r o d u c t .  I n  c o n n e c t i o n  
w i t h  t h i s ,  a remark  made by t h e  l a t e  G . M . J .  Schmidt  is 
r e l e v a n t :  i f  t h e  h y p o t h e s i s  o f  g e o m e t r i c a l  i s o m e r i z a t i o n  
c o r r e c t l y  a c c o u n t s  f o r  s o l i d - s t a t e  photochromy,  t h e  ra tes  
of  c o l o r a t i o n  and f a d i n g  s h o u l d  be  s e n s i t i v e  t o  m o l e c u l a r  
env i ronmen t ,  i . e .  t o  t h e  p r e s e n c e  o f  i m p u r i t i e s .  
Expe r imen t s  t o  t e s t  t h i s  p o s s i b i l i t y  are u n d e r  way. The 
c o l o r e d  t a u t o m e r s ,  c o r r e s p o n d i n g  t o  t h e  second  w e l l ,  
a r e  so  u n s t a b l e  t h a t  t h e y  have  n e v e r  been  i s o l a t e d  e i t h e r  

i n  t h e  thermochromic compounds o r  i n  t h e  pho tochromic  
o n e s  and it h a s  n o t  been e s t a b l i s h e d  what f r a c t i o n  o f  t h e  
OH-form m o l e c u l e s  is c o n v e r t e d  t o  t h e  NH-form m o l e c u l e s .  
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36 E .  HADJOUDIS AND I .  MOUSTAKALI-MAVRIDIS 

The p o s i t i o n  of  t h e  p r o t o n ,  as i n  e a r l y  x - r a y  d i f f r a c t i o n  
s t u d i e s ,  h a s  n o t  been  l o c a t e d  c r y s t a l l o g r a p h i c a l l y  and 
i n f r a  r ed  s p e c t r o s c o p y  is s t i l l  t h e  more persuas ive  
t e c h n i q u e .  
T h i s  c lass  o f  compounds shows t h a t  t h e  p l a n a r i t y  or 
n o n - p l a n a r i t y  of  t h e  molecu le  is n o t  t h e  o n l y  d e t e r m i n i n g  
f a c t o r  f o r  thermochromic or pho tochromic  b e h a v i o r ,  
r e s p e c t i v e l y ,  and more s t r u c t u r e s  are needed  i n  o r d e r  t o  
c l a r i f y  t h e  e x t e n t  o f  t h e  s t r u c t u r e  e f f e c t  on t h e s e  
p r o p e r t i e s .  
Thus c o n c e r n i n g  t h e  p r e v a i l i n g  mechanism( s) of  
photochromism and thermochromism o f  S c h i f f  b a s e s ,  a number 
of  i n v e s t i g a t o r s  c o n f i r m  t h e  b a s i c  p r o p o s a l s  o f  Cohen and 
Schmidt  i n  t h a t  t h e y  i d e n t i f y  t h e  d s - k e t o  form as t h e  
species produced  i n  t h e  t h e r m o c h r o n i c  p r o c e s s  (as w e l l  as 
t h e  second s p e c i e s  formed i n  hydrogen-bonding s o l v e n t s )  
and t h e  t r a n s - k e t o  form as t h e  s p e c i e s  produced  
p h o t o c h e m i c a l l y  . 
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