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PHOTOCHROMISM AND THERMOCHROMISM OF SOLID SALICYLIDENE- 
-DEHYDROABIETYLAMINES A N D  SALICYLIDENE-6-AMINO METHYL- 
DEHYDROABIETATES 

E .  HADJOUDIS and J .  ARGYROGLOU 
Chemis t ry  Department ,  N u c l e a r  Research  C e n t e r  "Demokri- 
tos" ,  Aghia P a r a s k e v i ,  A t t i k i ,  Greece. 

A b s t r a c t :  Photochromic  and thermochromic  phenomena ha-  
ve  been  o b s e r v e d  i n  a number of c r y s t a l l i n e  s a l i c y l i d e -  
n e - d e h y d r o a b i e t y l a m i n e s  and s a l i c y l i d e n e - 6 -  aminome- 
t h y l d e h y d r o a b i e t a t e s .  Among t h e  compounds s t u d i e d  i n  
t h e  s o l i d  s ta te ,  some were found t o  e x h i b i t  both photo- 
chromic and thermochromic phenomena as compared t o  
c r y s t a l l i n e  s a l i c y l i d e n e a n i l i n e s  whirh are e i t h e r  
photochromic o r  thermochromic bu t  not  bo th .  

I N T R O D U C T I O N  

S a l i c y l i d e n e a n i l i n e s  (1) i n  the c r y s t a l l i n e  s ta te  e x h i b i t  

photochromism o r  thermochromism i . e .  t h e y  show a r e v e r s i b l e  

c o l o u r  change ,  m o s t l y  from y e l l o w  t o  r e d ,  as a r e s u l t  of u l -  

t r a v i o l e t  i r r a d i a t i o n  or u n d e r  v a r i a t i o n  of t e m p e r a t u r e L y L .  

I t  was t h a t  t h e  a p p e a r a n c e  of  t h e s e  pheno- 

mena depend upon t h e  s t r u c t u r e  o f  t h e  compounds, s i n c e  n o  

c o r r e l a t i o n  e x i s t s  be tween them and t h e  c h e m i c a l  n a t u r e  o f  

t h e  r i n g  s u b s t i t u e n t s .  Thus ,  i n  t h e  c r y s t a l l i n e  s t a t e ,  an 

"open" c r y s t a l  s t r u c t u r e  a s s o c i a t e d  w i t h  n o n - p l a n a r  molecu- 

l e s  and a l l o w i n g  m o l e c u l a r  movement 

t o  a l l o w  photochromism, whereas  i n  thermochromic  c r y s t a l s  

t h e  m o l e c u l e s  a re  p l a n a r  and c l o s e l y  p a c k e d .  S t r u c t u r a l  s t u -  

i s  n e c e s s a r y  i n  o r d e r  

s u p p o r t  t h i s  i d e a .  
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246 E. HADJOUDIS and J .  ARGYROGLOU 

The ortho-OH group i s  cons ide red  t o  be an e s s e n t i a l  

c o n d i t i o n  f o r  bo th  phenomena. The f o l l o w i n g  model i s  pro-  

t o  e x p l a i n  t h e  mechanism i n  t h e  s o l i d  s t a t e .  For 

p l a n a r  molecules e x h i b i t i n g  thermochromism t h e r e  i s  a tem- 

p e r a t u r e  s e n s i t i v e  e q u i l i b r i u m ,  (Eq. 1) , between two tautome- 

r i c  forms, a ye l low "enol" form, t h e  "OH-form" (I) s t a b l e  

a t  low t empera tu re ,  where t h e  c h e l a t i n g  hydrogen is cova- 

l e n t l y  bonded t o  t h e  oxygen and a r e d  q u i n o i d  "keto" form, 

t h e  "NH- form" (111, a t  h igh  t empera tu res  wi th  t h e  hydrogen 

c o v a l e n t l y  bonded t o  t h e  n i t r o g e n .  The i n t r a m o l e c u l a r  pro-  

t o n  t r a n s f e r  would t h u s  occur  i n  t h e  thermochromic sys tems 

both  i n  t h e  ground and t h e  e x c i t e d  e l e c t r o n i c  s t a t e  whereas 

i n  photochromic sys tems t h i s  t r a n s f e r  occur s  on ly  i n  t h e  

e x c i t e d  e l e c t r o n i c  s t a t e E y 9 .  

This  i s ,  acco rd ing  t o  t h e  proposed model, a r e s u l t  of t h e  

f a c t  t h a t  t o o  h igh  a n  energy  would be r e q u i r e d  f o r  p ro ton  

t r a n s f e r  i n  t h e  ground s ta te  i n  view o f  t h e  non-p lana r i ty  

of  t h e  photochromic molecules and t h u s  an  E-keto form (111) 

may be produced. 

I n  p rev ious  work" wi th  salicylidene-2-aminopyridi- 

nes  it was found t h a t  t h e  appearance  o f  t h e  thermochromic 

phenomenon i n  t h e  s o l i d  s ta te  depends upon t h e  c r y s t a l  

s t r u c t u r e  and t h e  molecular  o r i e n t a t i o n  o f  t h e  compounds. 

However t h e  n a t u r e  of t h e  co lou red  s p e c i e s  i n  t h e  s o l i d  

s t a t e  and t h e  photochromic mechanism a r e  s t i l l  s u b j e c t s  f o r  

r e s e a r c h .  The purpose o f  t h e  p r e s e n t  pape r  i s  t o  r e p o r t  t h e  
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PHOTOCHROMISM AND THERMOCHROMISM OF SOLIDS 247 

r e s u l t s  of our s t u d i e s  on thermochromism and photochromism 

i n  a number o f  c r y s t a l l i n e  salicylidene-6-aminomethyldehyd- 

r o a b i e t a t e  ( IV)  and salicvlidenedehydroabietylamines (V) 

S c h i f f  b a s e s  and t o  compare them w i t h  t h e i r  benzene  a n a l o g s  

(I). 

R 

I V  V 

The s t u d i e d  compounds of group I V  a r e :  1; ( R  H) , 
2 ; ( R = C H  

5 ; ( R = H ,  R1=N(CH3l2, 6 ; { R = H ,  R = H  ( n o  ortho-OH g r o u p ) } ,  

and 7; {R = CH 

and 3 ; ( R = C 1 )  and of g r o u p  V :  4 ; ( R = C H 3 ,  R 1 = H ) ,  3 

1 
R1 = H  (NHCH i n s t e a d  of N = CHI}. 3' 2 

These S c h i f  f b a s e s  , when compared t o  s a l i c y l i d e n e a n i -  

l i n e s ,  have lower symmetry and p r e s e n t  i n c r e a s e d  b r e a d t h  

( a d d i t i o n  o f  two more r i n g s  t h a n  a n i l i n e  i n  t h e  c o r r e s p o n d -  

i n g  p a r t  o f  t h e  m o l e c u l e )  and  t h e r e f o r e  s u b s t a n t i a l  s t r u c -  

t u r a l  d i f f e r e n c e s  are  e x p e c t e d  w!iich c o u l d  a f f e c t  b o t h  t h e  

photochromic  and thermochromic p r o p e r t i e s ,  i f  p r e s e n t .  

EXPERIMENTAL 

The salicylidene-6-aminomethyldehydroabietate ( I V )  and sa- 

licylidenedehydroabietylamine (V) S c h i f f  b a s e s  were p r e p a -  

r e d  a c c o r d i n g  t o  p u b l i s h e d  processes ' ' .  A l l  t h e  compounds 

were p u r i f i e d  by r e p e a t e d  r e c r y s t a l l i z a t i o n  from e t h a n o l ,  

I n f r a - r e d  s p e c t r a  of t h e  compounds 1-3 showed s t r o n g  a b s o r -  
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248 E. HADJOUDIS and 1. ARGYROGLOU 

-1 p t i o n  a round 1720 and  1620 cm c h a r a c t e r i s t i c  of t h e  CO 

and > C = N -  g r o u p s  and  compounds 4-7 a round 1620 cm-' cha-  

r a c t e r i s t i c  of t h e  > C  = N -  g r o u p .  

C r y s t a l l i n e  t h i n  f i l m s  were p r e p a r e d  from t h e  melt  be-  

tween two q u a r t z  o p t i c a l  p l a t e s  u n d e r  p r e s s u r e .  The f i l m s  

were examined u n d e r  p o l a r i z e d  microscope  and showed p l e o c h -  

romism. 

The e x p e r i m e n t s  i n  r i g i d  g l a s s e s  were c o n d u c t e d  w i t h  

s o l u t i o n s  i n  EPA ( e t h e r : i s s p e n t a n e :  a l c o h o l ,  1:5:5) a t  1;- 

q u i d  n i t r o g e n  t e m p e r a t u r e  and i n  p o l y m e r i z e d  m e t h y l  methac- 

r y l a t e  (PMMA) a t  room t e m p e r a t u r e  and a t  l i q u i d  n i t r o g e n  

t e m p e r a t u r e .  I n  t h e s e  r i g i d  media ,  t h e  f a d i n g  of t h e  p h o t o -  

- c o l o u r  was n o t  a p p r e c i a b l e  d u r i n g  t h e  measurements  and  

t h e r e f o r e  a l l  t h e  s p e c t r a  were o b t a i n e d  s a t i s f a c t o r i l y .  No 

c o r r e c t i o n  was made t o  t h e  s p e c t r a  f o r  c o n c e n t r a t i o n  of t h e  

s o l u t i o n  upon coo l ing  a s  t h i s  was found t o  be less than  10% 

i n  EPA and o f  t h e  o r d e r  o f  5% i n  PMMA. 

Absorp t ion  s p e c t r a  were r e c o r d e d  on a Cary-17 s p e c t r o p -  

h o t o m e t e r .  A q u a r t z  Dewar v e s s e l  w i t h  q u a r t z  windows was 

used  f o r  t h e  measurements  o f  o p t i c a l  s p e c t r a  i n  t h i n  f i lms  

and r i g i d  g l a s s e s  a t  low t e m p e r a t u r e s .  

S t e a d y - s t a t e  i r r a d i a t i o n s  were c a r r i e d  o u t  w i t h  a 

200W h i g h  p r e s s u r e  Hg lamp and a p p r o p r i a t e  f i l t e r s .  

RESULTS 

POLYCRYSTALLINE POWDERS 

By s c r e e n i n g  t h e  compounds o f  g r o u p  I V  i n  t h e  form o f  p o l y -  
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PHOTOCHROMISM AND THERMOCHROMISM OF SOLIDS 249 

c r y s t a l l i n e  powders f o r  photochromic  and thermochromic  p r o -  

p e r t i e s ,  it was found t h a t  compound 1 p r e s e n t s ,  a l t h o u g h  

weakly ,  b o t h  photochromic  and thermochromic  phenomena. Thus 

t h e  compound changes  r e v e r s i b l y  from y e l l o w ,  a t  room tempe- 

r a t u r e ,  t o  w h i t e ,  a t  l i q u i d  n i t r o g e n  t e m p e r a t u r e .  T h i s  whi- 

t e  c o l o u r  t u r n s  t o  r e d  u n d e r  U V - i r r a d i a t i o n  a t  l i q u i d  n i t -  

r o g e n  t e m p e r a t u r e .  The y e l l o w  c r y s t a l s  a t  room t e m p e r a t u r e  

d o  n o t  change c o l o u r  u n d e r  U V - i r r a d i a t i o n ,  i n d i c a t i n g  t h a t  

t h e  photochromic  phenomenon o p e r a t e s  a t  low t e m p e r a t u r e s .  

The compound shows weak f l u o r e s c e n c e  a t  room t e m p e r a t u r e  

and s t r o n g e r  a t  l i q u i d  n i t r o g e n  t e m p e r a t u r e .  

Compound 2 is photochromic  a t  room t e m p e r a t u r e  down t o  

l i q u i d  n i t r o g e n  t e m p e r a t u r e .  The c o l o u r  changes  on UV-irra- 

d i a t i o n  from l i g h t  y e l l o w  t o  r e d - o r a n g e .  The p r o c e s s  i s  re- 

v e r s i b l e  , t h u s  t h e  compound r e t u r n s  t o  i t s  o r i g i n a l  c o l o u r  

t h e r m a l l y  or u n d e r  v i s i b l e  l i g h t .  The compound i s  n o n - f l u -  

o r e s c e n t  and  p r e s e n t s  n o  chanpe i n  c o l o u r  w i t h  t e m p e r a t u r e .  

Compound 3 behaves  i n  g e n e r a l  l i k e  compound 1. 

Among compounds o f  group V ,  compound 4 b e h a v e s  l i k e  

compound 1 and compound 5 i s  o n l y  thermochromic  and f l u o r e -  

s c e n t ,  6 and I are  i n a c t i v e  and a re  n o t  f l u o r e s c e n t .  

T H I N  POLYCRYSTALLINE FILMS 

The r e s u l t s  f o r  p o l y c r y s t a l l i n e  powders  are e x e m p l i f i e d  by 

e x p e r i m e n t s  on  t h i n  p o l y c r y s t a l l i n e  f i l m s .  F i g .  l ( a )  shows 

b o t h  t h e  photochromic  and t h e  thermochromic phenomena a t  

-4OOc f o r  compound 1. I r r a d i a t i o n  a t  room t e m p e r a t u r e  

b r i n g s  no c h a n g e s  i n  t h e  spec t rum.  I!owever, an exami- 

n a t i o n  f o r  photochromism o v e r  a r a n g e  of  t e m p e r a t u r e  shows 

t h a t  t h e r e  i s  a "working range"  be tween - 7 O O C  a n d  - l O O ° C  

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

4:
21

 1
9 

Fe
br

ua
ry

 2
01

3 



250 E. HADJOUDIS and 1. ARGYROGLOU 

i n  which t h e  phenomenon appea r s  s t r o n g e r .  F i g s .  l ( b )  , ( c )  

and (d) show t h e  photochromic phenomenon of compounds 2 and 

3 ,  and t h e  photochromic/thermochromic p r o p e r t i e s  of com- 

pound 4 r e s p e c t i v e l y .  

F i n a l l y ,  i t  was noted  t h a t  powders of compounds 6 and 

7 a r e  i n a c t i v e .  Thei r  t h i n  f i l m s ,  under W - i r r a d i a t i o n  o r  

tempera ture  v a r i a t i o n ,  a l s o  remain unchanged. 

1.0 

0. E 

d 0.c 

0 

1.0 

0.E 

O.( I I I I I  I I 
400 500 600 300 LOO 500 

h ( n m )  

FIGURE 1. The a b s o r p t i o n  s p e c t r a  of  c r y s t a l l i n e  f i l m s  

of t h e  i n d i c a t e d  compounds a t  room (full l i n e s )  and 

low ( b r o k e n  l i n e s )  ? e m p e r a t u r e ;  t h e  d o t t e d  l i n e s  are  

a f t e r  UV i r r a d i a t i o n  a t  low t e m p e r a t u r e .  
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PHOTOCHROMISM AND THERMOCHROMISM OF SOLIDS 25 I 

R I G I D  GLASSES 

Experiments  i n  t h e  r i g i d  s t a t e  were conducted w i t h  s o l u -  

t i o n s  o f  EPA a t  l i q u i d  n i t r o g e n  t empera tu re  and wi th  PMMA 

a t  room tempera tu re  and a t  l i q u i d  n i t r o g e n  t e m p e r a t u r e .  The 

r e s u l t s  may be  summarized a s  f o l l o w s :  

(1) pho toco loura t ion  i n  r i g i d  g l a s s y  s o l u t i o n s  o f  t h e  exa-  

mined compounds o c c u r s  o n l y  a t  l i q u i d  n i t r o g e n  t e m p e r a t u r e .  

I n  t h e  c a s e  o f  EPA, t h e  e f f ec t  is r e v e r s e d  when t h e  r i g i d  

s o l u t i o n  s o f t e n s  and i n  PMMA when t h e  sample i s  warmed up .  

( i i )  t h e  compounds, thermochromic or photochromic i n  t h e  

c r y s t a l l i n e  s t a t e ,  are a l l  photochromic i n  r i g i d  g l a s s e s .  

( i i i )  i n  t h e  absence  of  t h e  ortho-OH @oup from t h e  s a l i -  

cy l a ldehyde  moiety (compound 6 )  o r  when t h e  C = N  b r i d g e  i s  

s a t u r a t e d  (compound 7 ) ,  photochromism i s  n o t  obse rved .  F i g .  

2 shows t h e  r e s u l t s  i n  PMMA f o r  compounds 2 and 4 .  

FIGURE 2 .  Absorp t ion  s p e c t r a  of t h e  i n d i c a t e d  com- 

pounds a t  l i q u i d  n i t r o g e n  t empera tu re  ( f u l l  l i n e s )  and 

a f t e r  U V  i r r a d i a t i o n  a t  t h e  same t empera tu re  (broken  

l i n e s )  
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252 E. HADJOUDIS and J .  ARGYROGLOU 

DISCUSS1 ON 

By comparing ou r  f i n d i n g s  wi th  those  of s a l i c y l i d e n e a n i -  

l i n e s  we n o t i c e  two s u b s t a n t i a l  d i f f e r e n c e s .  F i r s t ,  w e  now 

have compounds which are bo th  photochromic and thermochromic , 
and second, i n  t h e  b r i d g e  compounds e longa ted  by a d d i t i o n  

of t he  -CH group, w e  do n o t  have e x c l u s i v e l y  photochromic 

compounds as i n  ~ a l i c y l i d e n e a n i l i n e s ~  , b u t  thermochromic/ 

photochromic and thermochromic a s  w e l l .  This  i s  an ind i -  

c a t i o n  t h a t  t h e  s t r u c t u r a l  requi rements  f o r  s a l i c y l i d e n e a n i -  

l i n e s ,  p l a n a r i t y  w i t h  s h o r t  i n t e r p l a n a r  d i s t a n c e s  of the  

order  of 3 . 5 1  f o r  thermochromism and nonp lana r i ty  wi th  

i n t e r p l a n a r  d i s t a n c e s  more than  4 .51  f o r  photochromism, are 

no t  enough t o  e x p l a i n  p re sen t  r e s u l t s  as w a s  a l s o  found f o r  

some salicylideneaminopyridinesl*. Therefore  e i t h e r  t h e r e  

are s t r u c t u r e s  which permit t h e  s imul taneous  appearance  of 

photochromism and thermochromism o r  t h e  p l a n a r  s t r u c t u r e s  

i n  t h e  p re sen t  ca se  are a l s o  "open" wi th  i n t e r p l a n a r  d i s -  

t a n c e s  more than  4.58 and t h e r e f o r e  permi t  r o t a t  i o n s ,  ana lo-  

gous t o  those  shown i n  E q .  2 ,  which produce photoproducts  

of  t h e  "keto" form V I .  These s t r u c t u r e s  have t o  await X-ray 

three-d imens iona l  a n a l y s i s .  
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