
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 21 February 2013, At: 11:17
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Substituent Effects on
Thermochromism of N-
Salicylide-NE-2-Aminopyridines
in the Solid State
E. Hadjoudis a , J. Petrou a & J. Xexakis a
a Chemistry Department, Nuclear Research Center
“Demokritos”, Aghia Paraskevi, Attiki, Greece
Version of record first published: 17 Oct 2011.

To cite this article: E. Hadjoudis , J. Petrou & J. Xexakis (1983): Substituent Effects
on Thermochromism of N-Salicylide-NE-2-Aminopyridines in the Solid State, Molecular
Crystals and Liquid Crystals, 93:1, 73-81

To link to this article:  http://dx.doi.org/10.1080/00268948308073517

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948308073517
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

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:
17

 2
1 

Fe
br

ua
ry

 2
01

3 



Mol. Cryst. Liq. Cryst., 1983, Vol. 93, pp. 73-81 

8 Gordon and Breach, Science Publishers, he. 
Rinted in the United States of America 

0026-8941183/93o4-oo73/$18.50/0 

SUBSTITUENT EFFECTS ON THERMOCHROMISM OF N-SALICYLIDE- 
NE-2-AMINOPYRIDINES I N  THE SOLID STATE 

E. HADJOUDIS, J .  PETROU AND J .  XEXAKIS 
Chemistry Department, Nuclear Research Center "Demo- 
kr i tos" ,  Aghia Paraskevi, A t t i k i ,  Greece. 

Abstract The subst i tuent  e f f e c t  on thermochromism of 
the  i s o s t r u c t u r a l  N-salicylidene-2-aminopyridines se- 
r i e s  has been invest igated i n  t h e  s o l i d  state.  
found t h a t  t he  subs t i t uen t s  a f f e c t  t he  thermochromic 
phenomenon mainly i n  low temperatures and i n  a stronger 
way when the  subs t i t u t ion  t akes  place i n  t h e  pyridine 
r ing  than in t h e  salicylaldehyde r ing .  

It w a s  

I. INTRODUCTION 

Crystal l ine salicylidene-2-aminopyridine (Fig.  1) and i ts  

de r iva t ives  exhibi t  thermochromic phenomena, 5 .e. they show 

a r eve r s ib l e  colour change, mostly from yellow t o  red,  as a 
r e s u l t  of a va r i a t ion  i n  temperature: Photochromism, r e -  

ve r s ib l e  colour change on u l t r a v i o l e t  i r r a d i a t i o n ,  i s  not 

observed i n  t h i s  c l a s s  of compounds. 

0 
FIGURE 1. Intramolecular dis tances  (A) and atom numbe- 
r i n g  system for salicylidene-2-aminopyridine. 

The appearance of t h e  thermochromic phenomenon and its 

gene ra l i t y  depends upon t h e  c r y s t a l  s t ruc tu re  and t h e  mole- 

cu la r  o r i en ta t ion  of t h e  compoundst 

by X-ray d i f f r a c t i o n  shows t h a t  t he  molecules are essent i -  

Thus, an invest igat ion 
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14 E. HADJOUDIS, J. PETROU and J. X E X A K I S  

a l l y  planar2 ; t h e  f l a t  molecules are arranged i n  stacks 

along t h e  shortest  c r y s t a l  a x i s  with mean interplanar  d i s -  

tance of 3 .5  A and t h e  hetero-nitrogen atom always a t t h e  

- cis  posi t ion with respect  t o  t h e  H(7) hydrogen atom. 

dis tance between these  atoms, 2.5 A , corresponds t o  nor- 

mal van de r  Waals contact.  The lone p a i r  of t h e  imino ni- 

trogen atom i n  t h i s  planar molecular structure does not 

overlap with t h e  electrons of t h e  pyridine r ing ,  and con- 

sequently t h e  b a s i c i t y  of t h e  bridge N atom and hence t h e  

s t rength of t h e  hydrogen bond between t h e  OH group and t h e  

imino N atom is higher? 

s t ruc tu res  show a strong intramolecular hydrogen bond with 

a mean H(l)--N(l) 

geometry, so t h a t  t h e  hydrogen atom points  toward t h e  lone 

p a i r  of t h e  N ( 1 )  atom. 

0 

The 
0 

In  addi t ion,  a l l  t h e  examined 

0 
distance of 1.95 A and t h e  appropriate 

Therefore, t h e  proton t r a n s f e r  

shown i n  Fig. 2 is favoured i n  t h e  planar as against  anon- 

%* "*& 
FIGURE 2. 
2-aminopyridine. 

Thermochromic mechanism i n  N-salicylidene- 

planar conformation and thermochromism can be interpreted 

with t h i s  s h i f t  i n  t h e  tautomeric equilibrium as i n  t h e  

case of thermochromic N-salicylideneanilines for which 
4 a s imilar  i n t e rp re t a t ion  was given. 

Since it was argued t h a t  t h e  phenomenon of photochro- 

s e r i e s  is a topochemi- m i s m  i n  t h e  N-salicylideneaniline 

c a l l y  determined phenomenon, i . e . ,  t h e r e  seems t o  be no 

co r re l a t ion  of a c t i v i t y  with subs t i t uen t s ,  but the packing 

arrangement i n  t h e  c r y s t a l  i s  of importance, w e  decided 

t o  examine t h e  effects of subs t i t uen t s  on thermochromism 
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SUBSTlTUENT EFFECTS ON THERMOCHROMISM I5 

i n  so l id  N-salicylidene-2-aminopyridines which a r e  

molecules and exhibi t  exclusively thermochromic 

na: 

i n  various posi t ions of t he  two r i n g s  t o  achieve an 

crease of t h e  electron densi ty  a t  t he  nitrogen atom of the  

bridge or decrease of t h e  electron densi ty  a t  t h e  oxygen 

atom of the OH group of t h e  aldehyde r ing ,  s ince  

processes f a c i l i t a t e  t h e  approach of protons according t o  

t h e  mechanism of Fig. 2 and consequently t h e  thermochromic 

phenomenon. The extent of tautomerism, as measured by t h e  

absorbance a t  the maximum of t h e  termochromic band around 

480nm and taking t h e  moler abso rp t iv i ty  f o r  a l l  t h e  quinoid 

tautomers equal t o  1.5 X 10 lit/moleXcm5 , is  then used t o  

ca l cu la t e  equilibrium constants  ( K )  and attempt a more ge- 

neralized co r re l a t ion  ana lys i s .  

planar  

phenome- 

Electron-donat ing and withdrawing groups were placed 

in- 

these 

4 

11, EXPERIMENTAL 

The compounds were synthesized by d i r e c t  condensation of 

t h e  appropriate salicylaldehyde with t h e  appropriate 2- 

aminopyridine 

l i z a t i o n  from t h e  same solvent.  

employed i n  t h e  present work a r e  shown i n  Table 1. I n t h i s  

t a b l e  ' the indices  of t h e  v e r t i c a l  columns correspond t o  i j  

where i denotes subs t i t u t ion  i n  t h e  pyridine r i n g  (1 2 

ortho-CHg, 2 =H , 3 para-C1 

and j subs t i t u t ion  i n  t h e  salicylaldehyde ring (1 = H  , 
2 = para-Br , 3 para-OCH3 and 4 = ortho-CHg), The ortho-po- 

9 
s i t i o n  f o r  t h e  pyridine r i n g  is considered t o  be a t  the H 

o f  F ig .  1 and fo r  the salicylaldehyde r i n g  next t o  the  OH- 

group ' 

known quant i ty  of t h e  compound {10-6(M.W.)g/cm 1 between 

i n  ethanol, followed by repeated r ec rys t a l -  

The prepared compounds 

and 4 = ortho-C1 t para-C1) 

Crys t a l l i ne  f i l m s  were prepared from t h e  m e l t  of a 
2 
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76 E. HADJOUDIS, J. PJ3TROU aad J. XEXAKIS 

two quartz p l a t e s  under pressure,  t h e i r  qua l i t y  w a s  exa- 

mined under a polarized microscope and t h e i r  spectra  were 

recorded a t  various temperatures. 

Table I contains a l s o  t h e  o p t i c a l  d e n s i t i e s  measured 

a t  the  maximum of t h e  thermochromic band for each 

a t  various temperatures. 

compound 

111. CORRELATION ANALYSIS 
For equ i l ib r i a ,  l i k e  those i n  Fig. 2, equation 1 appl ies ,  

from which we ca l cu la t e  t h e  standard free enthalpy A G y j  
0 A G i  j 

2.303 RT (1) 

as a function of temperature,since as i t  was mentioned e a r l i -  

er K ’ s  are evaluated from t h e  o p t i c a l  d e n s i t i e s  a t  va- 

r i o u s  temperatures. Therefore, t h e  values AG?. may be 

lOgK.. = - 
1 3  

1 3  
considered t o  have t h e  form of t h e  equation 2 €or which the 

( 2) 
0 2 AG.. = A . .  + B. .  T t C.. T 
17 11 11 11 

cor re l a t ion  coe f f i c i en t  is  g rea t e r  than 0.99. 

From these values we can deduct t he  standard enthalpy 

difference,  t he  standard entropy d i f f e rence  and t h e  stan- 

dard heat capacity difEerence : 

2 a ( A G y j  /T 
AH!. = E } = Ai j  - C . .  T 

1 7  3(l/T) P 11 

a AG?. 
0 =-  B . .  - 2C..T AS.. = -(r 
11 

a 2AG?. 

)P 11 11 

ACo. .=-T ( +)p = - 2CijT 
P I1  aT 

(3)  

(4 )  

(5) 

Based on previous assumptions6 97  ,* w e  consider t h e  
subst i tuent  e f f e c t  t o  be a combination of t h e  “ f i e ld t f  ( i n -  

cluding the llinduction’f e f f e c t  as wel l )  , t h e  “resonance“ 
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I8 E. HADJOUDIS, J. PETROU and J. XEXAKIS 

and the  "s ter ic"  e f f e c t s .  Thus, t h e  A G P j  value f o r  t h e  

react ion can be w r i t t e n  as follows: 

(6) AG?. = AGpij 0 t AGeij t AGRij + AGGsij 13 

and t h e  term AGO.. is t h e  
P I 7  

where AGsij =AGSi t AGSj 

standard f r e e  enthalpy difference not due t o  t h e  subst i tu-  

en t s  or t he  in t e rac t ion  with the  neighbouring molecules. 

The contr ibut ion of t h e  resonance in  t h e  standard 

f r e e  enthalpy i s  s e t  as a product of a constant of t h e  sub- 

s t i t u e n t  (a,) mult ipl ied by a transmission Coefficient t,. 

We thus have: 

AGRij =ari trl t arj tr2 (7) 

It  should be pointed here t h a t  w e  have two terms since we 

expect contribution from both r i n g s  of t h e  molecule, 

The subst i tuent  constant ari or a depends only 

on t h e  subst i tuent  while t h e  transmission coe f f i c i en t  de- 

pends on the  parent skeleton of t h e  molecule and on the  a- 

b i l i t y  

of t h e  r eac t  ion. 

rj  

of t h e  subst i tuent  t o  conjugate with t h e  bas i c  s i t e  

Correspondingly, t h e  contr ibut ions of t he  "field" is  

and t h e  set as a product of t h e  subs t i t uen t  constant (a,) 

transmission coe f f i c i en t  of the e l e c t r o s t a t i c  f i e l d ,  te. 
Thus, taking care  again f o r  contr ibut ions 

r ings ,  w e  have: 

'Geij = aei  ' t e l  a e j  te2. 

Combining equations (61, (7) and ( 8 )  w e  get  : 

from both 

(8) 

AG:j =AGpi 0 j+ari*trlta,i*teltarj *tP2taej * t e 2 t A G s i j  (9) D
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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:
17

 2
1 

Fe
br

ua
ry

 2
01

3 



SUBSTITUENT EFFECTS ON THERMOCHROMISM 19 

2 2 
1 a te2)  a G s i j  + a  (- t -  

e j  a T 2  P aT2 

and combining equations ( 5 )  and (10) we get:  

(10) 

Since t h i s  value depends only on t h e  subs t i t uen t s  wecan 

where C g l ,  C q g l ,  C32 and C i 2  a r e  constants independent 

of the p a r t i c u l a r  subst i tuent  . 6 

The 

t r l = C  11 t c  2 1  TtC31T2 ( 1 2 )  tp2=C12tC22TtC32T (14) 

(15) 

solut ions now of t he  above d i f f e r e n t i a l  equati-  

ons a re :  

te l=Cr l l  tC121TtC131T 2 (13) te2=C112tC122T+C;2T2 

If we consider C analogous t o  C ’  then t h e  solut ions 

are wr i t t en  a s  follows: 

t r l = C  +C TtCBIT (16) tr2=C12tC22TtC32T (18) 

(19) 

11 2 1  

T.. -a( ~,tC2,TtC3,T2) (17) te2=a( C12tC22TtC32T 2 

logK.. = plui t p2uj  Esi t E  s j  t c  ( 2 0 )  

el- 

A comparison of t h e  equation ( 9 )  as a function of the  e- 
8 

quations (161, ( 171, (18) and ( 19) with t h a t  of Hammett 

11 

gives : 

= T “21 “31T 

D
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80 E. HADJOUDIS, I. PETROU and I. XEXAKIS 

- 2.0 

-3.0 

- 4.0 

a a ei a - = r.R. t f.F. 0. = --- 
1 2.3R 2.3R 1 1 1 1 

ej a - = r.R. t f.F 
j ' 2 . 3 ~  2.3R 1 1  3 j  

ri 
6 } Swain and Lupton a a 

= - - -  Ti 

AGsi 
2.3RT 

Eii= - - 

Q 
0 - 

- 0  
- 0 

-0 

- 
I I I I I I 

j' 
If we replace now the values of ii, ri, fj, rj, Fi, F 
Ri and R from Swain and Lupton and calculate Esi and 
E f o r  the ortho-substituted compounds in comparison with 
all others without ortho-substituent and make a statistical 
treatment based on the regression equation 21, we calculate 

j 
sj 

logK.. - Esi - Esj = p l i  u t p 2 1  6. t C (21) 
1 3  

p1 and p2 

Fig. 3. 

as a function of temperature as it is shown in 

2.0 t 
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SUBSTITUENT EFFECTS ON THERMOCHROMISM 81 

Figure 3 shows t h a t  t h e  thermochromic phenomenon is  

f a c i l i t a t e d  by s u b s t i t u e n t s  i n  t h e  pyr id ine  r i n g  

crease t h e  e l ec t ron  dens i ty  of t h e  n i t rogen  atom of t h e  

br idge  (curve 1) and by s u b s t i t u e n t s  i n  the  sa l icy la ldehyde  

r i n g  which reduce 

o f  t h e  OH group (curve 2) t o  a lesser degree, however. 

should be not iced  a l s o  t h a t  above - 250K t h e  s u b s t i t u e n t s  

i n  both r i n g s  have a very  small effect .  

i n  agreement wi th  l i t e ra ture  s i n c e  it is known t h a t  a re- 

a c t i o n  which is  f a c i l i t a t e d  by inc reas ing  t h e  e l e c t r o n  den- 

s i t y  a t  t h e  r e a c t i o n  s i t e  has a negat ive  value o f  

one f a c i l i t a t e d  by reducing t h e  e l e c t r o n  dens i ty  a t  t h e  re- 

a c t i o n  s i t e  has  a p o s i t i v e  value while  p-scale covers  

roughly Ot4. - 

which de- 

t h e  e l e c t r o n  d e n s i t y  of  t h e  oxygen atom 

It 

These r e s u l t s  a r e  

p , and 

a 

The above r e s u l t s  show t h a t  a s u b s t i t u e n t  effect i n  

t h e  thermochromic phenomenon of s o l i d  N-salicylidene-2-ami- 

mopyridines opera tes  a t  low temperatures  and. t h a t  a 

c a r e f u l l y  designed and executed work w i l l  bear f r u i t  i n  t h e  

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

more 

organic  r e a c t i o n s .  
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