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A simple method is proposed for the measurement  of the absorption spec t ra  in the visible and 
UV regions of photocolored solutions of spi ropyrans ,  formed by the action of constant low- 
intensity UV irradiat ion,  and for the construction,  on the basis  of these data, of the absorp-  
tion spec t ra  of the merocyanine forms of sp i ropyrans .  The absorption spec t ra  of the m e r o -  
cyanine forms of two spiropyrans in various solvents are  examined. 

The photochromism of spi ropyrans  is due to the conversion,  under the influence of activating UV i r -  
radiation, of the color less  spi ropyran form (A) to the colored merocyanine form (B), the s t ruc ture  of which 
is intermediate  between dipolar s t ructure  B 1 and nonpolar s t ruc ture  B 2 [1]. 
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The electronic absorption spec t rum of the merocyanine form is one of the most  important c h a r a c t e r -  
ist ics that descr ibe  the photochromic behavior  of sp i ropyrans .  However, the determination of the true 
spect rum (including the UV region) and the extinction coefficients (~) of the merocyanine  form of sp i ro-  
pyrans presents  considerable difficulties [1,2], which are associated with the impossibil i ty of separat ing 
the merocyanine and spi ropyran forms of spiropyrans,  which exist in equilibrium. For  this reason,  va r i -  
ous chemical  [3,4] and indirect  spectroscopic  methods [1,2,5,6] have been proposed for the determination 
of the ~ values.  

The absorption spec t ra  of solutions of spiropyrans containing a considerable  amount of the m e r o -  
cyanine form can be measured  only under the condition that the concentrat ion of the merocyanine  form does 
not change appreciably during the measurement .  In this connection, measurements  of this sor t  in photo- 
colored solutions are  made using a pulse technique [7,8] and also at low tempera tures  [9,10]; thermosta t ted  
solutions of spi ropyrans  in polar solvents [11,12] or solutions in nonpolar solvents with a very  high s t a r t -  
ing concentrat ion of spiropyran [13] are also used to measure  the spect ra .  A special extremely complex 
apparatus that makes it possible to measure  the spec t ra  of a solution in the photosteady state [2] is used 
with activating radiation sources  of constant action to measure  the absorption spec t ra  of photocolored solu- 
tions of spi ropyrans  in nonpolar solvents at room tempera ture .  
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In the c o u r s e  of our  invest igat ion of the pho tochromism of sp i ropyrans  [14, 15], it became  n e c e s s a r y  
to m e a s u r e  the absorpt ion  s p e c t r a  of photocolored solutions fo rmed  by the action of low-power  sources  of 
UV radia t ion of constant  action at r oom t e m p e r a t u r e .  The pulse method,  which uses  the act ivat ing pulses  
of h igh- in tens i ty  UV light, could give a spec t r a l  pa t te rn  compl ica ted  by the p r e sence  of shor t - l ived  i n t e r -  
media te  f o r m s  [7]. In this connection, we developed a method for the m e a s u r e m e n t  of the s p e c t r a  of photo- 
co lored  solutions of sp i ropyrans  by means  of a s imple  appara tus  used in kinetic s tudies .  

The data obtained, in conjunction with the e values m e a s u r e d  by an independent method [4], made  it 
poss ib le  to cons t ruc t  the absorpt ion s p e c t r a  of the merocyan ine  f o r m s  of sp i ropyrans .  

In c a r ry ing  out the kinetic s tudies ,  we used  an apparatus  that  makes  it poss ible ,  during the color iz ing 
and dark  decolor iz ing reac t ions ,  to m e a s u r e  the change in light t r a n s m i s s i o n  of the sp i ropyran  solution at 
a fixed probe  light wavelength in the absorpt ion  band of the merocyan ine  fo rm of the sp i ropyran  in the v i s -  
ible reg ion  of the s p e c t r u m .  The optical  densi ty at this wavelength inc reased  during the photocolorat ion r e -  
action and reached  a constant  value in the photosteady s ta te .  Using low-in tens i ty  sources  of activating UV 
radia t ion  (which made  it poss ib le  to d i s r e g a r d  p r o c e s s e s  involving the photodestruct ion of the sp i ropyrans)  
and f r e s h  port ions of the s t a r t ing  solution for  r epea ted  m e a s u r e m e n t s ,  we found that these  values  a re  r e p r o -  
ducible f r o m  expe r imen t  to exper iment  with an accuracy  of • 5~.  These  r e su l t s  a re  evidence that  the s ame  
photosteady s ta te  is  r ep roduced  f r o m  expe r imen t  to exper iment ,  within the l imits  of the exper imenta l  e r r o r s .  
In this connection, it s e e m e d  poss ible ,  by changing the wavelength of the probe  light f rom exper iment  to 
exper iment ,  to cons t ruc t  the absorpt ion s p e c t r u m  of the sp i ropy ran  solution in the photosteady s ta te  f rom 
the points .  

We will se lec t  the " r e f e rence"  wavelength as that wavelength (~tre f) in the absorpt ion  band of the 
merocyan ine  f o r m  of sp i ropyran  in the v is ib le  reg ion  of the spec t rum for  which the extinction coeff icient  
(~ref)  is known [4]. We designate  the opt ical  densi t ies  of the photocolored and s ta r t ing  solution at wave-  
length )~ re f  and at any fixed wavelength )t, r e spec t ive ly ,  as Dref(i) and Dref  (2) ; D (1) and D (2) ; we will also 
introduce the following symbols :  eA is the extinction coeff icient  of the co lo r l e s s  sp i ran  fo rm of the s p i r o -  
pyran  at wavelength )t, C o is the m o l a r  concent ra t ion  of the s ta r t ing  sp i ropyran  solution, l is the l ayer  
th ickness  in the d i rec t ion  of the p robe  light (in cen t ime te r s ) ,  and eB is the extinction coeff icient  of the 
merocyan ine  f o r m  of the sp i ropy ran  at wavelength )t. 

The following equations a re  valid when the s y s t e m  foIlows the L a m b e r t - B e e r  Law: 

where  
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Thus, by measuring the absorption spectrum of the starting solution (which generally may contain 
not only the colorless spiran form but also the colored merocyanine form), the absorption spectrum of the 
photocolored solution in the photosteady state, and the extinction coefficient of the merocyanine form of the 
spiropyran at the "reference" wavelength in the absorption band in the visible region, one can construct the 
absorption spectrum of the merocyanine form of the spiropyran [~ B = f()t)] as well as the absorption spec- 
trum of the colorless spiran form [~A = f(~t )]. 

We studied the absorption spectra in the visible and UV regions of alcohol, dioxane, and toluene solu- 
tions of 1,3,3-trimethyl-6r-nitro-8'-bromospiro(indoline-2,2'-2H-ehromene) (I, R = H) [II] and 1,3,3-tri- 
methyl-5-fluoro-6'-nitro-8'-bromospiro(indoline-2,2'-2H-chromene) (II, R = F) [15] (see the scheme above). 
In the dark in concentrations on the order of I0 -4 M, these spiropyrans form colorless solutions in toluene 
and dioxane and red-violet solutions in alcohol. In this connection, we measured the absorption spectra of 
the photoeolored solutions in toluene and dioxane by means of a kinetic apparatus and the absorption spectra 
of alcohol solutions by means of an SFD-2 spectrophotometer. 

It should be noted that the colored alcohol solutions of I and II, which contain an appreciable amount 
of the merocyanine form, are thermodynamically stable. We decolorized these solutions by irradiation 
with the fulr light of an incandescent lamp, after which we measured their absorption spectra in the UV re- 
gion; in this case, the spectrum did not have time to change appreciably during the measurements. 
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Fig. 1. Second absorption band of the 
merocyanine form of spi ropyran II in 
dioxane. 

According to the data in [2], severa l  broad, almost s y m -  
metr ica l  bands, which are  enveloped by smooth curves  without 
inflections and sharp peaks, are observed in the spec t ra  of 
photocolored solutions of spiropyrans in dioxane. There  are  
also broad absorption bands in the spec t ra  of the merocyanine  
forms of spi ropyrans  that we recorded,  but the line connecting 
the experimental points has appreciable breaks .  This is ap- 
parently associated with the fact that, because of the imposs i -  
bility of accurate ly  reproducing the same photosteady state in 
the kinetic experiments,  the accuracy  of the resul ts  is substan- 
t ially infer ior  to the accuracy  of the direct  spectrophotometr ic  
measurements .  

To smooth out the breaks on the experimental  curves and 
to obtain the s ta t is t ical ly  most  rel iable resu l t s ,  we approxi-  
mated the experimental  curves by means of Gaussian curves ,  
proceeding f rom the assumption that the absorption bands of the 
merocyanine  form of the spiropyran have a normal  distribution 
curve  [16, 17] 

(~--~max)2 In 2 
E ~ 8maxe~ 6 2 

where e max is the extinction coefficient at the maximum of the band (v max), and 6 is the band halfwidth. 

The approximation was made with an M-220 computer  f rom a p rogram in which the initial values of 
the var iable  pa ramete r s  c max, Vmax, and 6 were computed and then refined by means of the i teration pro-  
cedure of least  squares using the method of coordinate descent.  An example of a curve calculated by means 
of this method is presented in Fig. 1, The calculations demonstrated that the experimental  data a re  sa t i s -  
factor i ly  approximated by Gaussian curves ;  the mean square deviation of the experimental points f rom the 
calculated values general ly does not exceed 10~c of the emax  value. 

The data obtained as a resul t  of the calculations make it possible to determine the position of the 
maximum of the absorption band, the extinction coefficient at the maximum, and the band half width; they 
also enable one to calculate the osci l la tor  strength of the band f rom the formula [16] 

f = 0.92.10-se~aX6. 

The charac te r i s t i cs  of the absorption spec t ra  of the merocyanine forms of spiropyrans I and II in al-  
cohol, dioxane, and toluene are  presented in Table 1. 

As seen f rom the resu l t s ,  two broad bands are  observed in the absorption spec t ra  of the merocyanine 
forms of sp i ropyrans .  The f irs t  absorption band, which is linked with the oscillation of the charge along 
the long axis of the molecule [2], undergoes a ve ry  strong hypsochromic shift as the polari ty of the solvent 
increases ;  in most  cases ,  the integral intensity of the band also decreases  in the p rocess .  These resul ts  
are  in agreement  with the principles of the solvatochromic behavior of merocyanine dyes established in 
[18, 19] and are explained, in conformity with modern concepts of the solvatochromism of neutrocyanine 
dyes [20], by an increase  in the contribution of polar form B 1 (see the scheme above) to the real  s t ruc ture  
of the molecule as the polarizing effect of the medium increases .  

TABLE I. 

pyrans 

Absorption Spectra of the Merocyanine Fo rms  of Spiro-  

Spec~urn 

8pizopyran I in toluene 
Spiropyran II in toluene 
Spiropyran I in dioxane 
Spiropyran II in dioxane 
8pirop~ran I in alcohol 
Spirop~an II in alcohol 

586 
598 
577 
580 
524 
527 

]T~TTr 

Emaz 8C, ITI- 1 

49600 1700 
51700 1710 
42600 1470 
86400 161O 
11200 161O 
14000 1380 

, . ,  

0,777 383 
0,815j 368 
9,579 J 367 
1,279 I 377 
0,166 365 
0,178 380 

amax ~m_l  

26800 1550 
35500 2360 
28600 2390 
49400 1700 
16000 3910 
18300 2920 

0,382 
0,771 
0,629 
0,771 
0,575 
0,492 
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The second absorption band, the nature of which, according to the data in [1], is associated with the 
oscil lation of charge  along the short  axis of the molecule to the e lec t ron-acceptor  NO 2 group, does not 
undergo such regular  hypsochromic shifts as the f i r s t  band as the solvent polari ty increases ;  in addition, 
no substantial  dec rease  in the intensity of the second band is observed.  

It should be noted that the introduction of a fluorine atom into the 5 position of the sp i ropyran  mole -  
cule leads to a bathochromic shift of the maximum of the absorption band in the visible regionand an in- 
c r ea se  in its integral  intensity. Bathochromic shifts of this type are  often observed when substituents are  
introduced into the p position relat ive to the nitrogen atom of the heterocyel ic  par t  of molecules of poly- 
methine dyes [21]. 

E X P E R I M E N T A L  

A s ingle-beam apparatus with mutually perpendicular  activating and probe beams and a thermostat ted 
cuvette holder  equipped with a s t i r r e r  was used to measure  the light t ransmiss ion  of solutions of the sp i ro-  
pyrans in the photosteady state .  An SVD-120A m e r c u r y  lamp, the radiation of which was fi l tered by a com-  
bination of UFS-6 and BS-7 glass  f i l ters ,  which isolate the 366-nm m e r c u r y  line, was used as the source  
of activating light. The photocolorization react ion was ca r r i ed  out in a rectangular  quartz cuvette with 
four t ransparen t  windows with a distance of 1 cm between the walls in the directions of the activating and 
probe beams .  All of the measurements  were made at 20 • 0.1 ~ 

The absorption spec t ra  of the photocolored solutions of spi ropyrans  were measured  in the UV arid 
visible regions of the spec t ra  according to points through 10 nm. A cor rec t ion  for light scat ter ing f rom 
the activating source ,  the intensity of which was about 10~ of the intensity of the probe beam and could be 
accura te ly  measured  during the experiment,  was introduced in the 355-375 nm region. 

The absorption spec t ra  of the s tar t ing solutions were measured  with an SFD-2 spect rophotometer .  

Purif ied toluene [22], dioxane [23], and absolute ethanol, obtained by absolutizing 95% alcohol by t r ea t -  
ment with anhydrous copper  sulfate, were used as solvents.  
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