
EXISTENCE OF A PHOTODECOLORIZATION REACTION 

OF THE COLORED FORM OF SPIROPYRANS UNDER THE 

INFLUENCE OF INITIATING UV IRRADIATION 

M. B. Gordin and M. A. Gal'bershtam UDC 541.145:547.752' 814.1 

The k ine t ics  of photochromic t r a n s f o r m a t i o n s  of sp i ropyrans  of the indole s e r i e s  with v a r i -  
ous subs t i tuents  in the 1 and 5 posi t ions were  s tudied.  The exis tence  of a photodecolor iza-  
t ion reac t ion  under  the inf luence of act ivat ing UV light was proved , and the effect of sub-  
s t i tuents  on the quantum yields  of the photocolorat ion and photodecolorizat ion reac t ions  was 
s tudied.  

It is known that  t r a n s f o r m a t i o n s  i l l u s t r a t ed  by the following scheme are  the bas i s  for the photochrom-  
i sm of indoline sp i ropy rans :  
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A n u m b e r  of authors  [1-3] have a s sume d  the ex is tence  of photodecolorizat ion under  the inf luence of 
Ini t ia t ing UV light dur ing the photochromic t r a n s f o r ma t i ons  of sp i ropy rans .  This p rob lem was studied in 
pa r t i cu l a r l y  grea t  detail  in [3], where  the p re sence  of the proposed reac t ion  was conf i rmed on the bas i s  of 
a k inet ic  inves t iga t ion .  However,  In connection with the fact that Besna rd  used a n u m b e r  of e s sen t i a l  a s -  
sumpt ions  (the change in the in tens i ty  of the act ivat ing i r r ad ia t ion  with the length of t]~, l aye r  and dur ing 
the photochemical  reac t ion  was not taken into account),  it is difficult  to evaluate the r e l i ab i l i ty  of the 
evidence obtained.  

We have studied the k ine t ics  of the photochromic t r a n s f o r ma t i ons  of 1 - (p - to ly l ) -3 ,3 ,5 - t r ime thy l -6 '  - 
n i t r o - 8 ' - b r o m o s p i r o ( i n d o l i n e - 2 , 2 ' - [ 2 H ] c h r o m e n e )  in toluene at 10~ under  the inf luence of UV radia t ion 
(h 1 366 nm) .  For  a photochromic s y s t e m  in which i r r e v e r s i b l e  photodecomposit ion p rocesses  are  absent ,  
the ra te  of change of the optical dens i ty  obeys the following equation [4]: 

d DD ]~ [DrotDeB--D(eDS'A--CD'e'B)]--KD. (1) 
dt VD' 

We de te rmined  seve ra l  of the p a r a m e t e r s  of this equation [the ra te  cons tant  of the dark  reac t ion  (K), 
the optical densi ty  and coefficient  of ext inct ion for X 1 of the co lo r l e s s  solution (D 0 and ~ ), the coeff i -  
c ients  of ext inct ion of the colored  form at wavelengths co r respond ing  to the light absorpt ion ma x i mum for 
X 2 = 625 n m  and ~tt (r and ~ ,  respec t ive ly) ,  the in tens i ty  of the act ivat ing radia t ion (J0), and the length 
and volume of the cuvette (l and V)] by an independent  path [5]. The exper imen ta l  dependence of the optical 
dens i ty  on t ime  at wavelengths  X 2 [D = f(t)] was approximated by a function of the form D = [a t / (b t  + 1)] + 
[e t / (d t  + 1)], while the a, b, c, and d cons tants  were  de te rmined  from the condi t im of a m i n i m u m  of the 
sum of the squares  of the deviat ion of the expe r imen ta l  D values  f rom the calcula ted va lues .  The d D / d t  = 
f (t) cu rve  was cons t ruc ted  f rom the a - d  constants  obtained.  The exper imen ta l ly  obtained dependences of 
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the optical densi ty  on t ime for ;~1 [D' = f( t ) ] ,  as well as the 
D = f ( t )  and dD / d t  = f ( t )  dependences provide a poss ib i l i ty  for 
de te rmin ing  the quantum yields of the forward and r e v e r s e  
photoreact ions  (~ and r  when Eq. (1) is used .  Using a Razdan-  
2 computer ,  we pe r fo rmed  the desc r ibed  ca lcula t ions  for s e v e r -  
al s e r i e s  of exper imen t s  with di f ferent  sp i ropyran  c o n c e n t r a -  
t ions  and act ivat ing radia t ion in t ens i t i e s .  The �9 and r  values 
thus obtained were  reproduced with an accuracy  of • and 
-~ 45%, respec t ive ly .  An at tempt to ca lcula te  the �9 quantum 
yield  under  the condit ion r  = 0 leads to subs tan t ia l  d e t e r i o r a -  
t ion of the ma themat i ca l  descr ip t ion  of the p rocess  and to i n -  
constancy of the �9 value in different  expe r imen t s .  The r e su l t s  
convincingly  prove the ex is tence  of photodecolorizat ion under  
the inf luence of UV rad ia t ion .  

Using a s i m i l a r  method,  we a lso  studied the k inet ics  of 
photocolorat ion and photodecolorizat ion of a n u m b e r  of s p i r o -  
pyrans  with the genera l  fo rmula  I. We demons t ra t ed  (Table 1) 
that the quantum yield for photocolorat ion va r i e s  symba t i ca l ly  
with the ra te  constant  of the dark  decolor iza t ion .  Thus changes 
in the s t ruc tu re  of the sp i ropyrans  that lead to slowing down of 
the ra te  of dark  decolor iza t ion  s imul taneous ly  dec rea se  the 
quantum yields of photocolorat ion.  Each of these  two effects 
separa te ly  changes the magnitude of the optical densi ty  in the 
photosteady state  in the opposite d i rec t ion ,  and the i r  s i m u l t a n e -  
ous change par t i a l ly  compensa tes  for one another .  In the case  
of the quantum yields of the r e v e r s e  photoreact ions ,  one ob-  
s e rves  a sharp  difference between the sp i ropyrans  with methyl  
subs t i tuents  attached to n i t rogen,  for which ~ '  < r  and phenyl 
subs t i tuents  at tached to n i t rogen,  for which ~ '  > ~ .  It is pos-  
s ible  that in this s e r i e s  of sp i ropyrans  the s t a r t ing  co lo r l e s s  
forms  have a monotypic or ienta t ion of the excited e lec t ronic  
levels  ; at the same t ime,  the or ienta t ion  of the e lec t ron ic  levels  
of the colored  forms  is subs tan t ia l ly  different ,  and the p r e s -  
ence of d i f ferent  subs t i tuen ts  in the indoline port ion of the 
molecule  can, in pr inc ip le ,  lead to more  profound changes in 
the re la t ive  or ien ta t ion  of these leve ls .  

EXPERIMENTAL 

The spiropyrans were synthesized by the method de- 
scribed in [6]. The properties of the compounds obtained are 
presented in Table 1. 

Kinetic Apparatus. The curves of the change in the op- 
tical density of the spiropyran solutions during photocoloration 
and during dark decolorization were measured by means of a 
kinetic apparatus with perpendicularly situated probe and 
activating beams and fitted with rectangular cuvettes with a 
stirrer. The photometric accuracy of the apparatus was no 
l ess  than 99~c. 

Activat ing Radia t ion .  The monochromat ic i ty  of the UV 
radia t ion beam with a wavelength of 366 n m  was ensured  by a 
combinat ion  of UFS-6 and BS-7 g lass  f i l t e r s .  A PRK-4  m e r -  
cu ry  lamp was used as the source .  The quantum in tens i ty  of  
the rad ia t ion  that impinged on the reac t ion  cuvette ,  which was 
de te rmined  by means  of a fe r r ioxa la te  ac t inomete r ,  was 9.77 
10 -9 e i n s t e i n / s e e .  
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Solvent.  Toluene pur i f ied  by the method in [7] was used as the solvent .  The concent ra t ions  of the 
sp i ropyran  solut ions were  10 -6 to 10 -4 M; the optical dens i ty  in the photosteady state  did not  exceed 1.0. 
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