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SOLID STATE PHOTOCHROMISM AND THERMOCHROMISM OF N-SA- 
LICYLIDENE-BENZYLAMINES AND N-SALICYLIDENE-2-THENYL- 
AMINES 

E. HADJOUDIS", J. ARGYROGLOU AND I. MOUSTAKALI-MAVRIDIS 
Institute of Physical Chemistry, N.C.R.N.S. "Demokri- 
tos", 15310 Aghia Paraskevi-Attiki, Greece. 

Abstract: The photochromic and thermochromic properties 
in various classes of the Schiff bases of salicylalde- 
hydes with benzylamine and thenylamine were investigated 
in the crystalline state at various temperatures. The 
reaction involved is an intramolecular hydrogen transfer 
where the enol-keto tautomeric species are in equili- 
brium. 
group that takes part in the reaction has the same geo- 
metry in the crystalline state: a strong intramolecular 
hydrogen bond that "locks" i t  i n t o  t h e  p l a n a r  conf igura-  
tion. It is suggested that what determines thermochro- 
mic or photochromic behaviour is not planarity or non 
p l a n a r i t y ,  r e s p e c t i v e l y ,  o f  t h e  molecules ,  bu t  r a t h e r  t h e  
electron density of the lone pair of the imino nitrogen 
atom. 

I n  a l l  of t h e  series s t u d i e d ,  t h e  s a l i c y l a l d i m i n o  

INTRODUCTION 

Photochromism is defined as the reversible photocoloration 

of a single chemical species between two states having dis- 

tinguishably different absorption spectra, brought about in 

at least one direction by the action of electromagnetic ra- 

diation. Photochromism, compared to other photochemical re- 

actions, poses the same problems with two exceptions: the 

system generally represents a photoequilibrium, and the 

photoproduct does not appear as a separate phase. 
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40 E. HADJOUDIS, et al. 

Schiff  bases  undergo photochromism i n  t h e  s o l i d  state 

by hydrogen t r a n s f e r  tautomerism and p resen t  common f e a t u r e s  

i n  t h e i r  s t r u c t u r e s  and r e a c t i o n  mechanisms. The obse rva t i -  

on t h a t  t h e  same photoprocesses a r e  t a k i n g  p l ace  i n  t h e  

c r y s t a l l i n e  s t a t e ,  i n  r i g i d  g l a s s e s  and i n  s o l u t i o n ,  l e d  t o  

t h e  i n t e r p r e t a t i o n  o f  photochromism, i n  t h e  Schiff  base se- 
I r ies ,  as being an i n t r i n s i c  property of t h e  molecules . Thus 

t h e  hydrogen transfer i s  in t r amolecu la r ,  occurs v i a  a s i x -  

membered r i n g  t r a n s i t i o n  state and produces enol-keto tau-  

tomeric spec ie s  with t h e  keto  forms having bathochromically 

s h i f t e d  spec t r a .  However, from e x i s t i n g  da ta  compilations it 

appears t h a t  a photochemically dr iven tautomeric  r e a c t i o n  

does not  always’take place i n  t h e  c r y s t a l l i n e  s t a t e ,  s i n c e  

t h e  r u l e s  governing t h e  photoequilibrium are not determined 

by purely chemical f a c t o r s  bu t  r e s i d e  i n  t h e  p r o p e r t i e s  of 

t h e  c r y s t a l  s t r u c t u r e  a s  we l l .  Thus t h e  non-photochromic 

compounds are thermochromic and develop on hea t ing  a spect-  

rum c lose ly  resembling t h e  spectrum of  t h e  colored photo- 

chromic s o l i d .  

Photochromism and thermochromism were found t o  be mu- 

t u a l l y  exclusive p r o p e r t i e s  i n  t h e  series of  c r y s t a l l i n e  
n 

N-salicylideneanilinesL. Thus a c e r t a i n  compound i s  e i t h e r  

photochromic or thermochromic bu t  no t  both.  The inter- 

p r e t a t i o n  i s  a s  follows: Thermochromism i s  a t t r i b u t e d  t o  a 

s h i f t  of  t h e  tautomeric  equ i l ib r ium 1 because of t h e  gene- 

r a l  resemblance of t h i s  system t o  t h e  w e l l  e s t a b l i s h e d  t au -  ,. 
3 tomerism o f  phenylazonaphthols . N . m . r .  s t u d i e s  i n  naphtha- 

l i d e n e a n i l i n e s  were suggest ive a l s o  of quinoid forms4. The 

f luorescence s p e c t r a  of thermochromic c r y s t a l s  of N-salicy- 

l i d e n e a n i l i n e s ,  which mi r ro r  t h e  thermochromic abso rp t ion  

band, l eads  t o  t h e  same conclusion . 5 
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SOLID STATE PHOTOCHROMISM AND THERMOCHROMISM 41 

enol cis-Keto 

In the photochromic compounds, the colorless ground- 

-state enol form, upon illumination with uv light, changes 

to the keto form through the hydrogen bridge with a conco- 

mitant rotation around the central C=N double bond. The pho- 

toproduct is described as a trans-keto configuration (eq.2). 
6 

enol tra ns-keto 

More recently, at least two quinoid irtermediate states 

have been identified in the course of the above reaction. 

This is a direct consequence of the fact that the reaction 

is not restricted to the proton migration, but it involves 

framework changes as well, which disrupt the hydrogen bond 

between the oxygen and the nitrogen atoms thus  stabilizing 

the photoproduct . 7 

The present contribution presents a comparative study 

between N-salicylidene-benzylamines and N-salicylidene-2- 

-thenylamines in the crystalline state and the glassy state 

in order to shed more light in the operating mechanism(s) 

and,especially,on the relationship between structure or con- 

figuration and photochromic and thermochromic properties. 
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RESULTS 

N- Salicyl 
nes __ 

E. HADJOUDIS, et al. 

lene-benzylamines and N-Salicy idene-2-thenylami- 

N-salicylidene-benzylamines and N-salicylidene-2-thenylami- 

nes differ from the previous series of the Schiff bases in 

that the amino group is insulated from the phenyl or the 

thenyl ring by a -CH - group. The examination of such mole- 
cules aims at finding molecules displaying both photochro- 

mic and thermochromic properties as opposed to the mutually 

exclusive photochromic or thermochromic behaviour of the 

crystalline Schiff bases studied so far . 

2 

8 

Crystalline state: Table 1 shows the results of scree- 

ning polycrystalline powders for photochromic and thermo- 

chromic properies. 

Table 1. N-Salicylidene-benzylamines and N-Salicylidene- 

R2 Property No. R1 , R2 Property 5 ' No. 

l H ,  H P 6 H y  H P 
2 H , 5-Br P 7 H , 5-Br P 
3 3-Br 5-Br t 8 3-Br , 5-Br t 

4 3-C1 5-C1 t 9 3-C1 5-C1 t 

5 H , 4-OCH ptt 10 H , 4-OCH3 ptt 

p=photochromic, t=thermochromic 
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SOLID STATE PHOTOCHROMISM AND THERMOCHROMISM 43 

An examination of the above Table shows that mosT of 

the compounds are photochromic and two compounds, 5 and - 10, 

present both photochromic and thermochromic properties. 

Figure 1 shows representative results in thin polycrystal- 

line films 

t I 
I a \ 
\ 

:b) FILM 6 

4 00 500 

Figure 1. Absorption spectra of (a) N-salicylidene- 

-henzylamine. 1, before uv-irradiation, 2, after uv- 

-irradiation at room temperature, 3,  return to the 

dark. (b) of N-salicylidene-2-thenylamine. 1, at room 

temperature, 2, after uv-irradiation at room tempera- 

ture and 3 return to the dark at room temperature. The 

number of the FILM corresponds to the numbering of  

compounds in Table 1. 

The same notation holds a l so  f o r  the next Figure,2. 

In Figure 2 we observe the double phenomenon. The co- 

lor dissapears on cooling and a new colored band developson 
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44 E. HADJOUDIS, et al. 

irradiation with uv-light at liquid nitrogen temperature. 

The phenomenon is observed at room temperature also but is 

weaker. Fluorescence is not observed in this compound,as op- 

posed to all other purely thermochromic compounds examined 

so far. 

Figure 2. Absorption spectra of (a) N-4-methoxy-sali- 

cylidene-benzylamine. 1, at room temperature, 2, at li- 

quid nitrogen temperature, 3, after uv-irradiation with 

365 nm light at liquid nitrogen temperature and 4, 

return to the dark overnight at room temperatu- 

re. (b) of N-4-methoxy-salicylidene-2-thenylamine. 1, 

at room temperature, 2, at liquid nitrogen temperature, 

3, after uv-irradiation with 365 nm light at liquid ni- 

trogen temperature and 4 ,  return to t h e  dark 

overnight at room temperature . 9 

DISCUSS I ON 

Among these compounds (Table 1) we found not only photochro- 
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SOLID STATE PHOTOCHROMISM AND THERMOCHROMISM 45 

mic andthermochromic ones but also two clear cases of com- 

pounds, N-4-methoxysalicylidene-benzylamine(5) and N-4-me- 

thoxy-salicylidene-2-thenylamine (lo), which present both 

photochromic and thermochromic properties in contrast to N- 

-salicylidene-anilines and N-salicylidene-aminopyridines in 

which either photochromic or thermochromic properties have 

been observed. The two processes, in these two last groups, 

have been interpreted in terms of an enol-keto tautomerism. 

In the thermochromic crystals the molecules are intramole- 

cularly hydrogen-bonded and essentially planar, thereby al- 

lowing close plane-to-plane van der Waals contacts; in the 

photochromic crystals the molecules are also intramolecular- 

ly hydrogen-bonded but non-planar, thus precluding close in- 

termolecular contacts. In this case it has been postulated 

that stabilization of the keto species is provided by cis- 
trans isomerization around the exocyclic C (1) - C (7) bond. 
This 

2). 

was supported by spectroscopic studies7. (eq's 1 and 

In this work, the compounds 3 and 4 behave like thermo- 

chromic N-salicylideneanilines and N-salicylideneaminopyri- 

dines. 

enol - cis- ke to 

q-3 N-CH, 

hv 
L - 

OH enol trans-keto 
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46 E. HADJOUDIS, et al. 

The compounds 1 and 2 behave, more or less, like pho- 
tochromic N-salicylideneanilines and N-salicyiideneaminopy- 

ridines. Therefore we can write the corresponding equili- 

bria 3 and 4, as shown above. 

The occurance of the geometrical change from the &- 
keto to the trans-keto isomer in the photochromic process 

is supported by the fact that the electronic absorption 

spectrum of the photochromic colored species is different 

from that of the cis-keto amine formed simply by the hydro- 

gen transfer in the ground state (see Figure 2 (c)). 

Concerning the behaviour of compounds 5 and - 10 in the 

crystalline state (both photochromic and thermochromic) 

which is in contradiction to the crystalline N- salicylide- 

neanilines and N-salicylideneaminopyridines, we note that 

the latter molecule is not planar due to the methylene 

group inserted in the bridge . However, the s a l i c y l a l d i m i n o  

moiety of the molecule i s  planar thus a l l o w i n g  the for -  

mation of the intramolecular hydrogen bond. Due to the non 

planarity of the molecule the characteristic packing of 

flat molecules with a 3.5 a 
observed (Figure 3). This structure does not preclude the 

hypothesis of cis-trans isomerization f o r  the photochromic 

behaviour. However, it is dissimilar to the structures of 

the thermochromic N-salicylideneanilines and N-salicylide- 

neaminopyridines determined so far . 

10 

distance between planes is no t  

11 

Figure 3. 

View of N-4-methoxy-sa- 

licylidene-2-thenylami 

ne29. 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:
02

 1
9 

Fe
br

ua
ry

 2
01

3 



SOLID STATE PHOTOCHROMISM AND THERMOCHROMISM 41 

Tlli:, c l a s s  of compound!; st,ows t h a t  p l a n a r i t y  or non 

F1ar:ar.i ~y of t!ie niolccule  i s  n o t  t!ic d e t e r m i n i - n g  f a c t o r  

f o r  t : .erncchromic or pliotochromLc S e h a v i o u r  r e s p e c t i v e l y .  

'Tie a l i p h z t i c  methylenc  g r o u p  for,Sids t h e  m o l e c u l e s  t o  b e  

p l a n a r .  T h e r e f o r e ,  c o n t r a r y  t o  what is o b s e r v e d  i n  coni- 

pourids 3 ,  I t  arid - 5 ,  no thermochromic be t lav iour  s h o u l d  be  e x -  

petted. On t h e  o t h e r  hand ,  t h e  n a t u r e  of t h e  s u b s t i t u c n t s  

of t h e  s a l i c y l a l c j i n l n o  p a r t  o f  t h e  N-salicylidenebenzylami- 

~ c s  hads t o  t h e  h y p o t h e s i s  t h a t  t h e  e l e c t r o n  d e n s i t y  of 

t \ , c  loric p a i r  o f  t h e  ini.no n i t r o g e n  i s  what d e t e r m i n e s  

t ! ie i r '  chromo-l>ehaviour .  Tf t h i s  e l e c t r o n  d e n s i t y  i s  h i g h ,  

tlie compound i:; thermochromic ,  i f  low,  it is photo-chr0mi.c. 

T h e  r o l e  o f  p l a n a r i t y  o r  non p l a n a r i t y  o f  t h e  m o l e c u l e s  is 

importar:t o n l y  i r i  s o  f a r  a s  it a f f e c t s  the n i t r o g e n  e l e c -  

t r o n  d e n s i t y .  More s u b s t i t u t e d  N-s ; iLicy l idenebcnz .y lamir i~s  

a re  needed t o  p r o v e  t h i s  h y p o t h e s i s .  

- -  
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