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SOLID STATE PHOTOCHROMISM OF ANILS 

EUGENE HADJOUDIS 
I n s t i t u t e o f  P hy s i ca l  C hemi s t ry  , N . C . S . R . "Demo k r  i t o  s I' 
153 10 Aghia Paraskevi A t t i k i s ,  Greece. 

Abstract  : The ani 1 s o f  ortho- hydroxybenzaldehyde comprise a 
chemical system which e x h i b i t s  the proper t ies of  s o l i d  s t a t e  
photochromism and thermochromism. These proper t ies are exc lus ive 
i n  t h i s  system and therefore there i s  a problem which may be 
described as the  r e l a t i o n  between photochromism and 
thermochromism on the one hand and c r y s t a l  s t ruc tu re  on the  
other.  Thus i n  t h i s  work the topochemical f ac to rs  responsib le  f o r  
these p roper t i es  are explored and "s t ruc tu ra l  engineer ing" 
approach are appl ied i n  order t o  prepare s o l i d  a n i l s  which are 
photochromic and/or thermochromic a t  w i l l .  L i t e r a t u r e  data on 
c r y s t a l  s t ruc tu re  and photo-behaviour o f  a n i l s  are presented and 
discussed under the same l i g h t  i n  order t o  have a more complete 
understanding o f  the problem. 

INTRODUCTION 

The a n i l s  o f  ortho-hydroxybenzaldehyde ( 1 ) ,  i .e. condensation products 
o f  sal  icy la ldehydes w i th  amines, are usual ly  c r y s t a l l i n e  ma te r ia l s  
w i t h  c o l o r  ranging from l i g h t  ye l low t o  red orange present ing 
polymorphism and undergoing reve rs ib le  s o l i d  s t a t e  photocolorat ion.  
The phenomenon i s  no t  general and polymorphic modi f icat ions o f  a 
c e r t a i n  photochromic a n i l  are not necessar i ly  a l l  photochromic, a f a c t  
revea l i ng  t h e  topochemical e f f e c t  on photochromism. I n  general, t he  
non photochromic compounds are thermochromicl . 

However, s c i e n t i s t s  i n  the beginning o f  t he  century who f i r s t  
observed the  reve rs ib le  sol i d  s ta te  photocolorat ion o f  these com- 
pounds, because of ill def ined experiments, d i d  not  made a f i r m  s t a t e -  
ment a t  t h a t  t ime espec ia l l y  w i th  regard t o  va r ia t i ons  o f  temperature. 
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128 E. HADJOUDIS 

Cohen and c o - w o r k e r ~ ~ - ~  c l a s s i f i e d  the  c r y s t a l s  o f  a n i l s  (q=O) 
i n t o  two types, on the  bas i s  o f  t h e i r  molecular s t r u c t u r e  and spec- 
t r o s c o p i c  p roper t i es .  According t o  t h i s  c l a s s i f i c a t i o n  o f  c r y s t a l l i n e  
N-sa l  i c y 1  idenean i l  i nes  type  a posess a non-planar mo lecu la r  s t r u c t u r e  
and t h e  e f f e c t  of u v - l i g h t  upon them r e s u l t s  i n  r e v e r s i b l e  c o l o r a t i o n :  
thus  t h e i r  name photochromic. I n  type  p t h e  molecular s t r u c t u r e  i s  
p lanar ,  t h e  e f f e c t  o f  u v - l i g h t  r e s u l t s  i n  f luorescence w i t h o u t  any 
c o l o r a t i o n ,  w h i l e  the  e f f e c t  o f  heat b r i ngs  r e v e r s i b l e  c o l o r a t i o n  and 
hence t h e i r  name thermochromic. 

I n  a d d i t i o n  t o  the  above "spectroscopic" approach, on t h e  bas i s  
o f  s t r u c t u r a l  s tud ies ,  t h e  authors concluded t h a t  t h e r e  i s  a general  
d i s t i n c t i o n  between t h e  s t ruc tu res  o f  c r y s t a l s  o f  t ypes  a and p: i n  
t he  thermochromic c r y s t a l s  the  molecules are p lanar  and pack f a c e - t o -  
face  w i t h  s h o r t  i n te rmo lecu la r  contacts,  o f  t h e  order  o f  3.3 A, normal 
t o  t h e  molecular planes; i n  the  photochromic c r y s t a l s ,  t h e  s a l i c y l a l -  
d imino p a r t  o f  t h e  molecule i s  planar,  bu t  t h e  a n i l i n e - r i n g  l i e s  40 t o  
50° ou t  o f  t h i s  plane, and t h e  r e s u l t i n g  s t r u c t u r e  i s  r e l a t i v e l y  open 
w i t h  no c lose  face - to - face  contacts between molecules. Furthermore, i n  
o rder  t o  i n t e r p r e t  t h e  phenomena o f  photochromism and thermochromi sm, 
they  proposed an i n t ramo lecu la r  H - t rans fe r  mechanism as fo l l ows :  t h e r e  
i s  a tempera ture-sens i t i ve  e q u i l i b r i u m  i n  the  c r y s t a l  between t h e  two 
tautomers (2) o f  t h e  molecule, t h e  one w i t h  t h e  c h e l a t i n g  hydrogen 
c o v a l e n t l y  bonded t o  t h e  oxygen, the  "OH-form", and t h e  "NH-form" w i t h  
t h e  hydrogen bonded t o  t h e  n i t rogen.  The c i s - k e t o  NH-form absorbs a t  
l onger  wavelengths; t h e  popu la t i on  o f  t h i s  form increases w i t h  
i nc reas ing  temperature and thus causes a deepening 
o f  c o l o r .  

enol OH-form c i s - k e t o  NH-form t rans -ke to  NH-form 

The in t ramo lecu la r  H - t r a n s f e r  can occur i n  e i t h e r  t h e  ground o r  
t h e  e x c i t e d  e l e c t r o n i c  s ta te .  High energy i s  requ i red  f o r  H - t r a n s f e r  
i n  t h e  ground e l e c t r o n i c  s t a t e  o f  molecules i n  photochromic c r y s t a l s  
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SOLID STATE PHOTOCHROMISM OF ANILS 129 

owing t o  t h e i r  t w i s t e d  conformat ion and, as a r e s u l t ,  no abso rp t i on  
a t t r i b u t a b l e  t o  the  NH-form i s  observed. H - t r a n s f e r  can occur, how- 
ever, i n  t h e  e x c i t e d  e l e c t r o n i c  s ta te ,  and the  c r y s t a l  s t r u c t u r e  i s  
s u f f i c i e n t l y  open t o  pe rm i t  a subsequent geometr ic i s o m e r i z a t i o n  l ead -  
i n g  t o  t h e  co lo red  t r a n s - k e t o  NH-form which i s  s t a b i l i z e d  as a r e s u l t  
o f  t h e  r u p t u r e  o f  t h e  i n t ramo lecu la r  hydrogen bond. Thus, accord ing  t o  
t h i s  i n t e r p r e t a t i o n ,  i n  t h e  c r y s t a l l i n e  N - s a l i c y l i d e n e a n i l i n e s ,  photo-  
chromi sm and thermochromi sm are  mu1 u a l l y  exc lus i ve  p r o p e r t i e s z .  

TOPOCH EM I CAL EFFECT 

Since t h e  photochromic species i s  associated w i t h  t h e  W - t r a n s  form, 
t h e  r e q u i r e d  c i s+ t rans  conversion i s  h i g h l y  improbable i n  t h e  p lane-  
t o - p l a n e  packing t y p e  o f  t h e  thermochromic c r y s t a l  1 i n e  compounds b u t  
p o s s i b l e  i n  t h e  open s t r u c t u r e  o f  t he  photochromic c r y s t a l s .  

and molecu la r  s t r u c t u r e  o f  sa l i cy la ldehyde  az ine  (3 ) ,  i s  i n  accordance 
w i t h  t h e  above. 

The work o f  A r c o v i t o  and c o - w ~ r k e r s ~ ,  who determined t h e  c r y s t a l  

t r i b u t i o n  o f  bond d is tances  w 
t h e  s i g n i f i c a n c e  o f  t h e  c o n t r  
- c i s - q u i n o n o i d  form. A s t rong  
t h e  pheno l i c  hydroxy-group t o  
chain.  

The molecules a re  packed 
c r y s t a l ,  w i t h  a perpendicul  a r  

The molecules a re  centrosymmetric and n e a r l y  p lana r ;  t h e  smal l  
d e v i a t i o n s  f rom p l a n a r i t y  a re  i n d i c a t i v e  o f  i n t ramo lecu la r  overcrowd- 
i n g  between t h e  two o r tho -subs t i t uen ts  i n  the  benzene r i n g .  The d i s -  

t h i n  t h e  benzene r i n g  i s  c o n s i s t e n t  w i t h  
b u t i o n  t o  t h e  s t r u c t u r e  f rom a resonance 
n t e r n a l  hydrogen bond o f  2.645 A b inds  
the  neares t  n i t r o g e n  atom i n  t h e  az ine  

i n  p lane- to -p lane s tacks  w i t h i n  t h e  
spacing between ad jacent  molecules o f  

about 3.4 A, which i n  p a r t  accounts f o r  i t s  thermochromic p r o p e r t i e s .  
The co lo red  &-quinonoid form i s  s t a b i l i z e d  by t h e  p a r a l l e l  

packing o f  t h e  molecules through d i p o l e - d i p o l e  i n te rac t i ons296 .  
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130 E. HADJOUDIS 

Burr and Hobson7 added l a t e r ,  using only  two-dimensional data, 
t h e  c r y s t a l  and molecular s t ruc tu re  o f  2-bromo-N-salicylideneaniline. 
The main i n t e r e s t  o f  t h i s  s t ruc tu re  l i e s  i n  the comparative intramo- 
l e c u l a r  and in termolecular  O - - - N  distances. A f t e r  computation o f  t he  
in teratomic spacings i n  the two cases, i t  was found t h a t  t he  intramo- 
l e c u l a r  distance (2.62t0.08 A) was l ess  than the shor test  intermolecu- 
l a r  O - - - N  d istance (4.99t0.8 A) ,  thus supporting the thes i s  t h a t  t he  
movement o f  t he  hydroxyl i c  hydrogen atom dur ing the photochromic 
change i s  in t ramolecular  ra the r  than intermolecular.  Also, the s t r u c -  
t u r e  o f  photochromic N-sal icy1 ideneani l  i ne  a1 though wi thout  accurate 
molecular parameters showed con f iden t l y  the angles between the main 
molecular planes (e.g. 49O between the two phenyl r i ngs )  and thus 
proved t h a t  N - s a l i c y l  ideneani l  i ne  was c o r r e c t l y  assigned t o  the  fam i l y  
o f  a n i l s  whose benzene r i n g s  are not coplanar i n  the s o l i d  state,  on 
t h e  basis o f  t h e i r  behaviour under u l t r a v i o l e t  i r r a d i a t i o n 8 .  

N-tetrachlorosalicylideneaniline and n-tetrachlorosalicylide- 
ne- l -pyreny l  amine ind icated an intermolecular charge-transfer i n t e r a c -  
t i o n  i n  the  l a t t e r  c r y s t a l 9  i n  which the i n te rp lana r  distances between 
t h e  mean planes o f  the e n t i r e  molecule are short ,  i . e .  3.37 and 3.39 
A. Thus i n  the f i r s t  c r y s t a l l i n e  compound, a thermochromic-type behav- 
i o u r  has been observed as a s h i f t  o f  the absorption edge, wh i l e  t h a t  

o f  the second c r y s t a l l i n e  compound i s  much less  pronounced. I n  both 
compounds, however, f a i r l y  short  O-H.. . .N hydrogen bonds have been 
found, which may be mainly due t o  a s t e r i c  e f f e c t  o f  ch lo r i ne  subs t i -  
tuents.  The d i f f e rence  i n  the proton t rans fe r  between these two com- 
pounds should presumably be caused by the above mentioned intermolecu- 
l a r  charge-transfer i n te rac t i on .  

hydrogen-bond s t ruc tu re  i s  near ly  intermediate between the NH and OH 
forms. 

It thus fo l l ows  t h a t  by applying s t r u c t u r a l - d i r e c t i n g  e f fec ts ,  
producing planar o r  non-planar structures,  one may achieve des i red 
proper t  i eslo, 11. 

However, s t r u c t u r a l  and o p t i c a l  studies o f  the thermochromism o f  

I n  t h e  case o f  the second compound, i t  i s  observed t h a t  t he  
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SOLID STATE PHOTOCHROMISM OF ANlLS 131 

STRUCTURAL ENGINEERING EFFECTS 

I n  our laboratory  we introducedlO,ll a n i t rogen heteroatom i n  the  
o r tho -pos i t i on  o f  t he  a n i l i n e  r i n g  i n t o  a number o f  photochromic and 
thermochromic N-sal icy l ideneani l ines and a l l  t he  examine molecules 
turned out t o  be thermochromic, i .e.  photochromism was not  observed 
l i k e  i n  the case o f  N-sa l icy l ideneani l ines.  We explained t h i s  phenome- 
non by suggesting t h a t  the p l a n a r i t y  i s  achieved because o f  t h e  pos i -  
t i o n  o f  the hetero-n i t rogen atom o f  the p y r i d i n e  r i ng ,  which i s  always 
a t  t h e  & -pos i t i on  w i t h  respect t o  the H(7) hydrogen atom as shown i n  
Fig.  1. The suggestion o r ig ina ted  f r o m  the X-ray c r y s t a l  s t r u c t u r e  
determinat ion o f  f o u r  representat ive members o f  t h i s  c lass 

F ig.  1. Distances (A)  f o r  salicylidene-2-aminopyridine 

i nc lud ing  t h e  parent compound12. Thus sal  i c y l  idene-2-aminopyridine, 
5- bromo- sal  i c y l  i dene-2-ami nopyr i  d i  ne, 5-methoxy- 
sal i c y l  idene-2-amino-4-chl oro-pyr id ine and 3-methoxy- 
salicylidene-2-amino-6-methyl-pyridine are e s s e n t i a l l y  p lanar.  I n  the  
p lanar  molecular s t ruc tu re  the lone p a i r  o f  the imino n i t rogen  atom 
does n o t  over lap the  electrons o f  the py r id ine  r i n g  and consequently 
the  b a s i c i t y  o f  the br idge n i t rogen atom, and hence the  s t rength o f  
the hydrogen bond between the  H atom o f  the OH group and the imino N 
atom, should be high. Moreover, the molecular s t ruc tu res  o f  t h e  f o u r  
sal i c y l  idene-2-aminopyridines show a strong in t ramolecular  hydrogen 
bond w i t h  a mean H(1) ... N(1)  d istance o f  1.8 A, and the  appropr iate 
geometry f o r  t he  H atom t o  po in t  toward the lone p a i r  o f  N ( l )  atom. 

Based on t h e i r  i d e n t i c a l  behaviour, i n  each case thermochromic, 
we proposed t h a t  a l l  the sal  i c y l  idene-2-aminopyridine compounds w i l l  
have s i m i l a r  packing arrangement. We, therefore,  suggested t h a t  t he  
p l a n a r i t y  i s  achieved because the hetero-ni t rogen o f  t h e  p y r i d i n e  r i n g  
i s  a t  t he  or tho-pos i t ion.  I n  the case o f  sa l i cy l i denean i l i nes  there i s  

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

3:
24

 1
8 

Fe
br

ua
ry

 2
01

3 



132 E. HADJOUDIS 

s t e r i c  hindrance due t o  t h e  sho r t  d is tance o f  about 2 A between t h e  
ortho-hydrogen Hg and exocyc l i c  hydrogen H7 when t h e  molecule i s  
p l a n a r l o .  Th i s  repu ls ion  i s  r e l i e v e d  i n  the  case o f  s a l i c y l i d e -  
ne-2-aminopyr id ines because the  n i t rogen  heteroatom i s  always a t  t h e  
- c i s - p o s i t i o n  w i t h  respect t o  the  H7 hydrogen atom. The d i s tance  o f  
about 2.5 A between these atoms corresponds t o  normal van de r  Waals 
con tac t .  These f i n d i n g s  i n d i c a t e  t h a t  t h e  d r i v i n g  f o r c e  f o r  t h e  
observed p l a n a r i t y  o f  t h e  sa l  i c y l  idene-2-aminopyr id ine i s  two fo ld :  t h e  
i n t ramo lecu la r  hydrogen bond which " locks"  the  sa l  i c y l a l d i m i n o  group 
i n  t h e  p lana r  pos i t i on ,  and t h e  presence o f  t h e  n i t r o g e n  atom o f  t h e  
p y r i d i n e  moiety which a l lows the  py r im id ino  r i n g  t o  be co-p lanar  w i t h  
t h e  s a l  i c y l a l d i m i n o  group. Therefore, t h e  thermochromic behaviour, i n  
t h e  c r y s t a l l i n e  s t a t e  o f  t h i s  c lass  o f  compounds, can be i n t e r p r e t e d  
as due t o  a s h i f t  i n  t h e  tautomeric e q u i l i b r i u m  as shown i n  t h e  f i r s t  
p a r t  o f  equat ion  2. 

To t e s t  t h e  importance o f  t h e  n i t rogen  h e t e r o c y c l i c  atom i n  t h e  
o r t h o - p o s i t i o n  w i t h  respec t  t o  t h e  C=N b r idge we preparedlo a number 
o f  sal icyl idene-m-aminopyridines and s a l i c y l i d e n e - m -  
aminopyr id ines. The screening o f  sa l  i c y l  i d e n e - m - a m i n o p y r i d i n e s  f o r  
photochromic and thermochromic phenomena showed t h e  ex is tance o f  pho- 
tochromic and thermochromic compounds. Therefore, non-pl  anar and p l  a- 
nar  s t r u c t u r e s  are expected as i n  the  case o f  N - s a l i c y l i d e n e a n i l i n e s .  
Thus photochromism and thermochromism i n  the  c r y s t a l l i n e  s t a t e  were 
found t o  be mu tua l l y  exc lus i ve  p roper t i es  i n  t h e  se r ies  o f  a n i l i n e  and 
ami n o p y r i d i  ne d e r i v a t i v e s  . 

Towards Photochromi sm 
When t h e  amino ( o r  aminopyridino) group i s  i nsu la ted  from t h e  aromat ic 
r i n g ,  t h e  c r y s t a l s  o f  t h e  corresponding s a l i c y l i d e n e  d e r i v a t i v e s  a re  
expected t o  be bo th  photochromic and thermochromic. Thus we found 
c r y s t a l l i n e  5-bromo-2-hydroxyphenylethylamine t o  e x h i b i t  bo th  phe- 
nomena (F igu re  2).  The molecule i s  no t  p lanar .  The d ihed ra l  angle 
between t h e  two phenyl r i n g s  i s  17.8O. This  conformat ion i s  a t t r i b u t e d  
t o  t h e  i n t r o d u c t i o n  o f  t h e  two methylene groups which separate t h e  
r i n g s .  The H bond holds t h e  bromosal icyl idene p a r t  i n  t h e  p lana r  geom- 

e t r y ,  thus  a l l o w i n g  t h e  fo rmat ion  o f  t h e  i n t ramo lecu la r  hydrogen bond. 
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SOLID STATE PHOTOCHROMISM OF ANlLS 133 

L 1 b I 

3 0  0 4 0 0  5 0 0  6 0 0  
1 , n m  

F ig .  2. Absorpt ion and f luorescence spec t ra  o f  
5-bromo-2-hydroxyphenylethylamine i n  t h i n  p o l y c r y s t a l l i n e  f i l m :  
1) a t  room temperature 2) a t  l i q u i d  n i t r o g e n  temperature 3) a f t e r  
i r r a d i a t i o n  w i t h  365 nm l i g h t  a t  l i q u i d  n i t r o g e n  temperature and 

4)  t h e  f luorescence spectrum a t  room temperature. 

Due t o  t h e  non p l a n a r i t y  o f  t h e  molecule, t he  c h a r a c t e r i s t i c  packing 
o f  f l a t  molecules w i t h  a 3.5 A d is tance between planes, was n o t  
observed. T h i s  s t r u c t u r e  does no t  preclude the  hypothesis o f  c i s 4 r a n s  
i somer i za t i on  f o r  photochromic behaviour; i t  i s ,  however, d i s s i m i l a r  
t o  t h e  s t r u c t u r e s  o f  t h e  thermochromic N - s a l i c y l i d e n e a n i l i n e s  and 
N-sal  i c y 1  ideneaminopyr id ines determined so f a d s .  However, t h e  phe- 
nomenon i s  n o t  general ,  t h a t  i s  t h e  i n t r o d u c t i o n  o f  group -CHz-which 
separate t h e  r i n g s  does n o t  always l ead  t o  both thermochromic and pho- 
tochromic phenomena as i t  was found from the  examinat ion o f  a number 
o f  such s o l i d  compounds. 

l a t e d  from t h e  r i n g  by t h e  -CHp-grouping, photochromic examples have 
been observed and a l s o  another c l e a r  case o f  a compound d i s p l a y i n g  
both phenomena. However, when the  grouping -CH$H2- i s  in t roduced,  t h e  
phenomenon i s  more general .  

Thus, among these compounds, i n  which t h e  amino group i s  i nsu -  
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I34 E. HADJOUDIS 

Provided that photochromism is induced by cis-trans isomerization 
then these molecules must be non-planar so as to preclude close inter- 
molecular packing. This is the case indeed as it is seen from their 
molecular packing. This packing arrangement is different from that of 
the thermochromic anils (e.g. 5-chloro-N-salicylideneaniline and 
N-salicylidene-2-aminopyridinesl) in which planar molecules lie plane- 
to-plane. This then suggests that close plane-to-plane packing, and 
hence molecular interactions, is not a primary requisite of thermo- 
chromism. It has been suggested that a principal difference between 
thermochromic and photochromic molecules lies in the valence state o f  
the nitrogen lone-pair; that the nitrogen lone-pair density, in the 
benzeno*d species is not diminished in the planar thermochromic mole- 
cule but is so in the photochromic non-planar molecule in which it 
interacts with the aniline ring. However in the non planar 
N -  5- bromo-2 - hydroxyphenyl ethyl ami ne the a1 i phat i c system 
-CHp-CHp-blocks interaction of the nitrogen lone-pair thus leaving it 
undiminished in density and fully available for O-H.. .N hydrogen bond- 
ing in favour of the proposed enol++keto tautomerism in the thermo- 
chromic series. Thus the compound exhibits both phenomena. 
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