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Investigations of fluorescence anisotropy and mean lifetime of pyrene and pyrene excimer in 
cellulose acetate films have shown that this environment can not be considered as a strictly rigid 
solution, being rather a medium consisting of empty spaces where small pyrene molecules have 
considerable freedom. It has been concluded that the mechanism of the excimer formation is the 
same as that in liquid solvents. 

1. Introduction 

The origin of the excimer f luorescence of pyrene 
in rigid amorphous po lymer media is still an actual 
problem. As is known, in l iquid solutions excimers 
are formed during the excited state of monomers , 
the process depending on the d i f fus ion rates of the 
excited and unexcited monomers and their concen-
tration. The concentration dependence is consistent 
with the hyperbolic Stern-Volmer fo rmula [1], The 
diffusion rate is inversely propor t ional to the solvent 
viscosity rj. The relation between the m o n o m e r and 
excimer fluorescence q u a n t u m yields of pyrene and 
the solvent viscosity has been investigated by 
Förster et al. [2-4] , 

Excimer fluorescence of pyrene at high concentra-
tions was also observed in doped a roma t i c crystals 
[5, 6], For the fluorescence propert ies of pure pyrene 
monocrystals of the review articles of Förster [7] and 
Birks [8], Mataga et al. [9] observed excimer fluo-
rescence of pyrene in a cyclohexane mat r ix at 77 K 
and attributed it to the ground state d imer of 
pyrene. Oster et al. [10] were the first to observe 
excimer fluorescence in polymer solutions. Dur ing 
the sixties, at tempts to explain the occurrence of the 
excimer fluorescence of pyrene in polystyrene were 
taken up at the Förs ter laboratory [11, 12]. In-
vestigations of the excimer f luorescence of pyrene in 
polystyrene were also repor ted in Refs. [13, 14]. 
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In the present paper we investigate the fluores-
cence anisotropy and decay t ime of pyrene and 
pyrene excimer in cellulose acetate f i lms within a 
broad temperature range ( 9 3 - 3 0 3 K). We also ex-
plain the origin of the excimer f luorescence in poly-
mer solutions. 

2. Experimental results 

Figures 1 and 2 show the fluorescence spectra of 
pyrene in cellulose acetate f i lms at two concentra-
tions ( ~ 1 0 - 2 M and 7 X 1 0 ~ ' M ) and at d i f fe ren t 
temperatures. At 7 X 1 0 " ' M , the strong excimer 
band can be observed on the long wavelength side. 
Figure 3 shows the pyrene m o n o m e r f luorescence 
(360-420 nm) anisotropy, /•, and life t ime, r, in the 
temperature range 9 3 K ^ F ^ 3 1 3 K in cellulose 
acetate films. 

We also have tried to find the excimer fluores-
cence anisotropy of pyrene in cellulose acetate films. 
For high concentrations, at which distinct excimer 
fluorescence occurs, no fluorescence anisotropy 
could be observed. At 7 X 1 0 ~ ' M , the measured 
value /• ~ 0.003 is within the exper imental error. 
Figure 4 shows that the mean l i fet ime r of the 
excimer fluorescence grows, similarly as the mono-
mer fluorescence, with decreasing tempera ture . 

The monomer fluorescence anisotropy was mea-
sured also as a function of concentrat ion at d i f fer -
ent temperatures. To minimize reabsorpt ion effects 
done /• was measured on thin f i lms 1 pm) . T h e 
intensities being too small at lower concentrat ions, 
Fig. 5 shows the results only for higher concentra-
tions. 
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/• o kTz 
for a rigid solution — = 1 H should become 

/• v rj 
unity for rj —• oc. The experimental l imiting value 
r ' 0 ( T ^ O ) differs f r o m /-0 according to the relation 
i'o = /'o (1 —T w)2, where 

. . h 2kT 
" = <s in^y>» — + — j ; 

/ W I CO 

u is the mean square angle devia t ion of the excited 
oscillators by torsional vibrations [15, 17]. 

If, /• for the cellulose acetate films were given by 
the Perrin and Jablonski relations with rj -> oo in 
the case of low concentrat ions, one would measure 
/• o, which should decrease with growing temper-
ature. The observed r values (Fig. 3) show an 
opposite t empera ture dependence and the absolute 
values deviate very strongly f r o m the l imiting 
value /'o-

We believe that the small r values can be inter-
preted as a rotat ion effect of the luminescence 

Figs. 1-2 . Fluorescence spectra of 
pyrene in cellulose acetate films 
for C=10~2M (Fig. 1) and c = 
1 x KT1 M (Fig. 2) at different 
temperatures: o — 93 K x - 173 K 
• — 303 K 

15 v[l<K] 

3. Discussion 

The observed low value of /• for pyrene m o n o m e r 
molecules and its t empera tu re dependence are not 
consistent with the theoretical predict ions of 
Jablonski [15]. According to the Perrin [16] theory, 

molecules sitting on special f ree places [18]. The 
rotation will be h indered not by the macroscopical 
but by a microscopical viscosity. T h e small increase 
- in contrast to the expected decrease — of r with 
temperature may be caused by the decrease of r. 
Such an increase of r with T has been observed in a 



Fig. 3. Plot of r (•) and r (o) of 
pyrene in cellulose acetate film for 
c = 10~2 M vs. temperature. 

Fig. 4. Plot of r (•) of pyrene in 
cellulose acetate film for c = 
7 x 10"' M vs. temperature. 

Fig. 5. Fluorescence anisotropy r of pyrene in cel-
lulose acetate film versus concentration c for differ-
ent temperatures ( • - 293 K, o - 223 K, x - 173 K, 
• - 9 3 K). 

previous paper [19] (the denotat ions in [19] Fig. 4 
are correct; the legend is faulty). At higher concen-
trations /• will be reduced, as seen in Fig. 5, by 
energy migration. 

The excimer fluorescence emission of pyrene is 
not polarized and the mechanism of the excimer 

formation is the same as in l iquid solvents. But in 
this case, both molecules, the excited and unexcited 
one are neighbored and unbound in the ground 
state. If, according to Mataga et al. [9], a ground 
state dimer of pyrene with fluorescence abili ty had 
existed in our case, we would have observed at high 



concentrations an anisotropic fluorescence compar-
able to the monomer fluorescence anisotropy. Our 
conclusion - excimer and not d imer emission - is 
in accordance with Loewenthal et al. [20]. 
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