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The paper deals with the reversible changes of absorption intensities of the 
nitro group of S-bromo-l'^'^'-trimethyl-G-nitrospirofchromene^^'-indoline) 
doped into a polyacrylonitrile thin film in the infrared region. The X-ray 
structural analysis proved the random orientation of pyrans in the polymer 
matrix. The reversible changes of absorption intensities of the symmetrical 
and asymmetrical nitro group vibrations were explained by the altered 
conjugation of pyrans upon exposure to irradiation. 

The photochrome properties of 8-bromo-l\3\3'-trimethyl-6-nitrospiro(chromene-
-2,2'-indoline) (SP) doped into a polyacrylonitrile (PAN) thin film were studied in Part I 
of this work [1] from the changes of spectra in the infrared region. The hypothesis of 
uniform orientation of SP in PAN was forwarded on the basis of the reversible changes 
of absorption intensities of the nitro group. 

In this paper the possibility of preferable orientation of SP in PAN was tested by the 
X-ray structural analysis. The reversible changes of absorption intensities of the nitro 
деоир were explained by altered conjugation during photochromic transformations of SP. 

Experimental 

The samples were prepared by the same method as in [1]. The spectra in the infrared 
region (Fig. 1) were recorded on a Perkin —Elmer 125 spectrophotometer equipped 
with a Golay detector. 

The orientation degree of SP in PAN was studied by the Debye —Scherer method. 
Diffractions were recorded in the range of angles 20 = 10—50° on a Philips apparatus. 
The diffraction spectra are in Fig. 2. 

Discussion 

According to the results obtained with the spiro compounds of pyrans having different 
substituents, the ''photosensitive" absorption bands at 1340 and 1515 c m - 1 (Fig. 1) 
correspond to the symmetrical and asymmetrical nitro group vibrations. In the course 
of SP phototransformation the intensities of the nitro group stretching vibration bands 
changed in the reverse direction; formation of the coloured form w-as characterized by 
a decrease in the intensity of symmetrical vibration whereas the intensity of asymmetrical 
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Fig. 1. Change of the absorption intensity of symmetrical (1340 c m - 1 ) and asymmetrical 
(1515cm - 1) nitro group vibrations in the course of SP photochrome transformations. 

photocolouration of SP; — — — — pliotobleaching of SP. 

vibration increased. In colourless form it was vice versa. To explain this phenomenon 
the hypothesis of the uniform orientation of SP in PAN was suggested. The orientation 
of SP in coloured form was, expected to be perpendicular to the thin film plane and 
parallel to the radiation propagation. In such an arrangement, only the vector of dipóle 
moment corresponding to the asymmetrical vibration could interact with the E vector 
of radiation. We assumed that the colourless form was arranged in such a way that 
the part of SP molecule containing nitro group was located in the plane of the PAN 
matrix. The orientation degree of SP in various media could be determined from the 
difference of photobleaching efficiency supposing that the efficiency is independent of the 
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Fig. 2. Dependence of the diffraction intensity on the diffraction angle for: 1. PAN matrix; 
2. PAN matrix + SP (photocolouration); 3. PAN matrix + SP (photobleaching). 
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interact ion of S P wi th its ma t r i x . This assumpt ion could be approached when s tudy ing 
photobleaching in t h e l iquid phase . I n t h e solid s t a t e S P forms aggregates from dimers 
t o mul t imers t he q u a n t u m yields of which are subs tant ia l ly lower t h a n those of mono
mers . Moreover, t h e y differ one from the other . Therefore t he or ientat ion degree of S P 
in P A N was s tudied b y the X - r a y analysis . F ig . 2 shows the dependence of t he diffraction 
in tens i ty upon t h e incidence angle of X - r a y rad ia t ion for different samples. F o r t he 
P A N m a t r i x t he m a x i m u m of the diffraction in tens i ty was observed a t 20 = 1 7 ° cor
responding to t he la t t ice pa rame te r 5.2 Á a n d being in good agreement wi th t he l i te ra ture 
[2]. This diffraction can be in te rpre ted as the (100) diffraction of a hexagonal la t t ice . 

W i t h regard t o a considerable a m o u n t of the solvent —dime t h y lformam ide (20% t rans-
mi t t ance a t 1670 c m - 1 ) , a r a n d o m orientat ion of S P in P A N migh t be expected. However , 
it was no t clear w h a t role p layed S P in t h e format ion of the P A N th in film s t ruc tu re . 
I n case S P is a nucleat ion centre in P A N , its addi t ion into P A N wrill resul t e i ther in an 
increase of t h e diffraction m a x i m u m intens i ty a t 20 = 17° or o ther P A N s t ruc tures 
will arise showing new diffraction m a x i m a . I t is evident from Fig . 2 t h a t addi t ion of S P 
caused none of these p h e n o m e n a ; moreover , t he or ienta t ion degree of P A N decreased. 
I n the course of photobleaching a small increase in t he diffraction m a x i m u m in tens i ty 
was recorded; however , i ts value did no t reach t h a t of t he m a x i m u m of t he pure P A N 
ma t r i x . 

I t is probable t h a t the reversible changes of absorpt ion intensit ies of t he n i t ro group 
vibra t ions were affected dur ing S P photo t ransformat ions b y changes of the я-electron 

d i s t r ibut ion as a resul t of in teract ion w i t h r a d i a t i o n (A < 360 n m ) or b y dissolving S P 

in a m a t r i x h a v i n g a h igh value of p e r m i t t i v i t y . D u r i n g p h o t o t r a n s f o r m a t i o n t h e S P 

molecule became conjugated a n d t h e changed electron d i s t r ibut ion affected t h e dipóle 
m o m e n t of individual p a r t s of S P a n d consequent ly t he absorpt ion intensit ies in t he 
infrared region [3]. According to [4], t h e absorpt ion intensit ies of asymmetr ica l a n d 
symmetr ica l v ibra t ions are re la ted b y : 

Tas _ sin2 cp/2 

Ts cos2 cp/2 

where <p is t he angle among the O —N — О a t o m s . E x p e r i m e n t a l verification of th is 

e x p l a n a t i o n would prove t h e i n t e r p r e t a t i o n of reversible changes of t h e n i t r o group 

s t retching v ibrat ions (Scheme 1). A n u m b e r of a u t h o r s discussed t h e prob lem of t h e 

Scheme 1 

change of absorpt ion intensit ies of t h e XY2 group s t re tching v ibra t ions ; e.g. Zahradník 

et al. [5] presented a quantum-chemica l in te rpre ta t ion of this effect toge ther wi th experi
men ta l mater ia l . Therefore we expect our explana t ion to be sufficiently suppor ted b y 
this mater ia l . 
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