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A NEW PHOTO/THERMOCHROMIC SOLID COMPOUND OF THE I N -  
DENONE O X I D E  FAMILY. 

E .  HADJOUDIS AND I .  PULIMA 
Chemistry Department, Nuclear Research Center ,  "De- 
mokritos", Aghia Paraskevi ,  A t t i k i ,  Greece. 

Abstract :  A new s t r o n g  photochromic s o l i d  compound, 
a 3-ketone of t h e  2,3-diphenylindenone oxide,  has 
been prepared for first t i m e .  The new compound exhi- 
b i t s  very s t r o n g  photochromic and thermochromic phe- 
nomena. 

INTROCU C T I O N  

I Researchers have examined t h e  photochromic behaviour of 

2,3-diphenylindenone oxide ( I )  i n  o rde r  t o  s tudy t h e  ge- 

ometric and e n e r g e t i c  changes which occur during t h e  p r i -  

mary photochemical processes  and have shown t h a t  I and i t s  

valence tautomer I1 can be photochemically in t e rconve r t ed  

and they suggested t h a t ,  i n  a condensed phase a t  room tem- 

# &+ + (1) 

0 0- 
I I1 

pe ra tu re  ,both t h e  forward  and r eve r se  r e a c t i o n s  proceed 

v i a  v i b r a t i o n a l l y  exc i t ed  ground states of t h e  two t au to -  

mers. However our  v a r i a b l e  temperature f l a s h  pho to lys i s  

s tudy of 2,3-diphenylindenone oxide ( I ) ,  2,3-diphenyl-4, 
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30 E. HADJOUDIS AND I. PULIMA 

7-dimethylindenone oxide (111) and tetraphenyl-2,3-diphe- 

nylindenone oxide (IV) showed t h e  ex i s t ence  of two t r a n -  

s i e n t s  which con t r ibu te  t o  t h e  photochemical valence tau-  
n 

tomerizat ion of t h e s e  compoundsL. 

S o l i d  I t u r n s  r e d  when i r r a d i a t e d  bu t  nothing has been 

r epor t ed  about t h e  termo- or photochemistry of t h e  s o l i d  

s t a t e  co lo ra t ion  . Therefore w e  decided t o  examine f u r -  

t h e r  t h e  s o l i d  compounds 1,111 and I V  and, a l so ,  t o  prepare 

3-ketones of t h i s  family of  compounds. These have not been 

prepared or i n v e s t i g a t e d  

as poss ib l e  i n t e r e s t i n g  photochromic ma te r i a l s4 .  I n  t h i s  

paper ,  among o the r  matters, t h e  f i r s t  success fu l  preparat ion 

of a 3-ketone of t he  2,3-diphenylindenone oxide with very 
s t r o n g  photochromic and thermochromic p r o p e r t i e s  is repor-  

t e d .  

3 

t ill  now bu t  have been suggested 

EXPERIMENTAL 

2,3-Diphenylindenone oxide (I) was prepared according t o  

l i t e r a t u r e 5  and was r e c r y s t a l l i z e d  from ethanol-water t o  

a constant  mel t ing po in t  of  142-143OC. 2,3 Diphenyl-4,7- 

-dimethylindenone oxide ( I I I ) ,  and tetraphenyl-2,3-diphe- 

,nylindenone oxide (IV) were a l s o  prepared by t h i s  method 

and had melt ing p o i n t s  of 98OC and 198OC r e s p e c t i v e l y .  

The new 3-ketone compound w a s  prepared according t o  
6 

t h e  sequence of t h e  fol lowing known r e a c t i o n s  . 
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A NEW PHOTOITHERMOCHROMIC SOLID COMPOUND 31 

The epoxidation of t h e  las t  compound leads t o  t h e  3-keto- 

ne ( V ) .  

P I 
C:O 

0 

@ 
I 

0 
0 

The new compound V has m.p.= 166 C and i t s  p u r i t y  was ve- 

r i f i e d  by s t o i c h i o m e t r i c  a n a l y s i s  and i .r.  s p e c t r a .  

The photochromic and thermchromic p r o p e r t i e s  were 

t e s t e d  i n  powders of t h e  compounds and i n  p o l y c r y s t a l l i n e  

t h i n  f i l m s  prepared between q u a r t z  o p t i c a l  g l a s s e s  by m e l -  

t i n g  and slow coo l ing  under p re s su re .  

A 200W H.B.O.  high-pressure mercury lamp with ap- 

p r f a t e  f i l t e r s  was used for t h e  i r r a d i a t i o n s .  

The t h i n  p o l y c r y s t a l l i n e  f i l m s  were i r r a d i a t e d  under 

s t a b l e  temperature with the  he lp  o f  a thermostated c e l l  

adaptor .  For measurements a t  lower temperatures a s p e c i a l  

Dewar f l a s k  with o p t i c a l  quartz  windows was used i n  con- 

nec t ion  with l i q u i d  n i t rogen  and a thermocouple. 

RESULTS AND D I S C U S S I O N  

I r r a d i a t i o n  with l i g h t  of 365 nm of a t h i n  p o l y c r y s t a l l i n e  
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32 E. HADIOUDIS AND I. PULIMA 

film of 2,3-diphenylindenone oxide (I) results in the forma- 

tion of a coloured  form, t h e  benzopyrylium ox ide  11, which 

shows a maximum absorption around 530 nm. This form on stan- 

ding in the dark reverts back in the form I. 

The format ion  of I1 f o r  v a r i o u s  times of i r r a d i a t i o n  

i s  shown i n  F igu re  l a  wh i l e  i n  F igure  l b  we  fo l low t h e  

the rma l ly  r e v e r s i b l e  change o f  I1 t o  I. 

1.0 

d 
0 

Q5 

0.0 
400 600 I 0 0  600 

A,nm 
FIGURE 1. (a) Absorption spectra of a polycrystalline 

thin film of 2,3-diphenylindenone oxide (I) at RT. 1 : 

before irradiation 2 : after 2 hrs irradiation 3 : after 

3 h r s  irradiation (photoequilibrium). 

( b )  Absorption spectra of a polycrystalline thin film 

of 2,3-diphenylindenone oxide at RT after the photo- 

equilibrium (3). 4 : after 1 hr in the dark 5 : after 

4 h r s  in the dark 6 : after 7 h r s  in the dark. 

After standing in the dark for 2 to 3 days, the absor- 
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A NEW PHOTO/THERMOCHROMIC SOLID COMPOUND 33 

p t i o n  spec t rum is  almost f d e n t i c a l  t o  t h e  s t a r t i n g  one (be- 

fore i r r a d i a t i o n ) .  The r e s u l t s  are b e t t e r  when t h e  i r r a d i a t i -  

on i s  performed a t  low t empera tu res  s i n c e  then  t h e  p r o d u c t i -  

on of s i d e  products  i s  kep t  minimal and t h e  c r y s t a l l i n i t y  o f  

t h e  f i l m  i s  p r o t e c t e d .  

WE‘ h a w  more o r  less s i m i l a r  r e s u l t s  on i r r a d i a t i o n  of  

t h i n  p o l y c r y s t a l l i n e  f i l m s  of 2,3-diphenyl-4,7-dimethylinde- 

none oxide ( I T )  a t  roam tempera ture  and a t  l i q u i d  n i t r o g e n  

t empera tu re .  

KINETICS 

A p o l y c r y s t a l l i n e  t h i n  f i l m  o f  t h e  compound I which has  been 

i r r a d i a t e d  wi th  l i g h t  o f  365 nm. c o n t a i n s  a g r e a t  number o f  

molecules of  I1 (photo-product ) .  These molecules  conve r t  i n  

t h e  da rk  back t o  f o r m  I wi th  a f i r s t  o rde r  r a t e  c o n s t a n t  

acco rd ing  t o  t h e  equa t ion :  

K1 
I ;:“I1 ( 2 )  

n -1 

This  r a t e  c o n s t a n t  K- 
p t i o n s :  1) we assume that impor tan t  s i d e  r e a c t i o n s  do n o t  

e x i s t  and 2 )  K <<Kdl. The first assumption is usually sa- 

t i s f i e d  i n  t h e  s a l i d  s t a t e .  

molpcules I1 i n  t h e  c r y s t a l l i n ?  t h i n  f i l m  i s  ve ry  s m a l l  a s  

i s  seen from t h e  a b s o r p t i o n  spectrum of f i g u r e  1 (curve  

can be c a l c u l a t e d  i f  wc make t w o  assum- 1 

1 
A t  e q u i l i b r i u m  t h e  p r o p o r t i o n  of  

1) and t h e r e f o r e  K << 1. 
eq  

With t h e s e  two assumptions and equat ion  2 we can w r i t e :  

{‘I1- z K1 {I} - K-l  { II} dt- ( 3 )  
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34 E. HADJOUDIS AND I. PULIMA 

where { I )  and {I11 are consi-dered t o  be t h e  "concen t r a t ions ' "0 r  

t h e  proport ions of molecules I and I1 i n  t h e  p o l y c r y s t a l l i n e  

t h i n  f i l m  a t  

t r a t i o n "  of I before  i r r a d i a t i o n .  

each moment and (Il0 is  t h e  i n i t i a l  "concen- 

Equation 3 i s  transformed t o  5 : 

which on i n t e g r a t i o n  gives  : 

where {II}, i s  1111 for t= o (maximum). 

I n  t h e  s t a t e  of equi l ibr ium (t= w equation 5 becomes: 

where (11) is t h e  { I I )  f o r  t= (equi l ibr ium) 

Replacement of { I l 0  from 7 t o  6 r e s u l t s  i n  8 : 

Considering t h e  o p t i c a l  d e n s i t i e s  ( O . D . )  t o  be p ropor t iona l  

t o  t h e  concentrat ions and remembering our  second assumption 

(K1 << K - l )  w e  end w i t h  t h e  equation 9 .  

(O.D)m - (0.D) 

( 0 . D )  - ( 0 . D )  
(9) - eq 

I n  - K - p  

eq 

Therefore a graph of t h e  f i r s t  p a r t  of t h i s  equation 
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A NEW PHOTO/THERMOCHROMIC SOLID COMPOUND 35 

ver sus  t imc ( t )  r e s u l t s  i n  a s t r a i g h t  l i n e  t h e  slope of 

which i s  K d l .  The ra te  measurement a t  va r ious  temperatures  

i s  shown i n  F i g m e  2a. F i n a l l y ,  using t h e  Arrhenius equa t i -  

on, p l o t t i n g  l o g  K-l versus 1/T (F igu re  213) we f i  d t h e  

energy of a c t i v a t i o n  of t h e  r eve r se  r e a c t i o n  I1 

which f o r  t h e  case under examination i s  Ea s 14  Kcal/molp. 

-1 R 
I 

(b) 

Ea = ?  4.3 Kcal/mo Le 

0 .o I I I I I 

0 10 30 3 .O 3.4 
t , hr ld/T 

F I G U R E  2 : (a) Graphic r e p r e s e n t a t i o n  o f  t h e  f i r s t -  

o rde r  r e v e r s i b l e  process  of t h e  photo-product I1 t o  I 

a t  va r ious  temperatures  i n  t h e  solid s t a t e .  

( b )  Arrhenius D l o t  of t h e  f i r s t - o r d e r  r e v e r s i b l e  p ro -  

cess of t h e  photo-product T I  t o  I i n  t h e  s o l i d  s t a t e .  

THE NEW PHOTO/THERMOCHROMIC COMPOUND 

The newly prepared compound, a 3-ketone (V)  of indenone oxide 

( I ) ,  p re sen t s  a s p e c i a l  f e a t u r e  : it hea r s  a carhonyl group 

nea r  t h e  r e a c t i o n  c e n t e r .  Since carbonyl groups a r e  i n  p n c -  
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36 E. HADJOUDIS AND I. PULIMA 

r a l  v e r y  r e a c t i v e  towards l i g h t ,  some kind o f  i n t e r a c t i o n  i s  

expec ted  between t h i s  group and t h e  r e a c t i o n  c e n t e r  upon 

b reak ing  t h e  three-membered r i n g .  D i f f e rences  from t h e  

g e n e r a l l y  accepted  mechanism2 because of t h e  presence  of 

the carbonyl  group i s  under i n v e s t i g a t i o n .  

However, t h e  compound p r e s e n t s  ve ry  s t r o n g  photochromism 

i n  the s o l i d  s t a t e .  It t u r n s  from whi te  t o  r e d  r e v e r s i b l y .  

A d e t a i l e d  photochemical and photophys ica l  i n v e s t i g a t i o n  o f  

t h i s  compound i s  under way. 
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