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The effect of temperature (103 K < T < 303 K) upon the limiting fluorescence anisotropy /-0 of 
POPOP was investigated in a cellulose acetate film. A slow increase in /-0 was observed when 
reducing the temperature. Based on the Jabtonski theory, the frequency of the torsional 
vibrations of POPOP was determined to be co = 1.3 x 10 l 2s_1 . The depolarization due to these 
torsional vibrations was found to occur immediately following excitation during the thermal 
relaxation of the luminescent centre, thus somewhat lowering the value of the fundamental 
fluorescence anisotropy r{ to the limiting r0 value. 

1. Introduction 

The effect of temperature on the limiting fluores-
cence anisotropy /-0 [1, 3], in frozen or rigid solutions 
has been the object of numerous investigations 
[5-15], Nevertheless, the results obtained so far 
cannot be considered as satisfactory in view of the 
following factors that should be always taken into 
account when measuring >'o(T): 

a) Short- and long-wave absorption bands should 
be well separated to avoid simultaneous excitation 
in two bands, 

b) the change of the solution temperature is 
accompanied by a change in the dielectric constant 
and the refractive index, which results in a shift of 
the absorption and fluorescence bands, 

c) phosphorescence or prolongated fluorescence 
are undesired, 

d) the mean lifetime r of the luminescent mole-
cule should not vary in the relevant temperature 
range. 

The aim of the present paper is to investigate the 
behaviour of r0 as a function of temperature for 
POPOP in a rigid solvent - a cellulose acetate 
film - with the above mentioned conditions being 
taken into account. The POPOP molecule has a 
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relatively low electric dipole moment ( / / g = 2 . 2 2 D 
and //e = 3.3 D [16]) and the transition moment 
coincides with the long molecular axis [17], 

2. Experimental 

POPOP (5- 10" 5 M) in a thin cellulose acetate 
film (to eliminate reabsorption and secondary 
fluorescence) was placed between quartz plates in a 
cryostat of stainless steel (77 to 350 K). The sample 
was excited from the front wall at an angle of 45° 
(/.exc = 385 nm). Before each measurement of r0 the 
temperature was established by means of a tem-
perature controller type 650 UNIPAN ( ± 1 K). The 
fluorescence anisotropy was measured using a 
sensitive self-recording Polarimeter described in our 
previous paper [18]. 

3. Results and Discussion 

Figure 1 shows the relative fluorescence aniso-
tropy (/•(•- r0)/r{ of POPOP as function of the 
temperature T. As has been observed, the limiting 
fluorescence anisotropy /-0 gradually grows when 
lowering T. Jabtonski [19-21] obtained the follow-
ing expression for the temperature dependence of 
the limiting fluorescence anisotropy /-0: 

r0(T) = r{(\ ~\u{T))\ (1) 
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Fig. 1. Dependence of ( /- f- r0)//-f on tem-
perature for POPOP in cellulose acetate 
film according to (4). 

where u(T) = (sin2 y) % y2 = 2Ö\ Ö is the dispersion 
of the angle of torsional vibrations along one of the 
two axes of the rigid molecule (torsional vibrations 
about the third axis, which is parallel to the 
direction of the absorption oscillator, do not de-
polarize the fluorescence light). The value of (5 
depends on the temperature and on the moment of 
torsions acting on the molecule 

V / = / c o 2 , (2) 

where o j / 2 t i is the frequency of the torsional vibra-
tions and 1 the moment of inertia of the molecule. 

Assuming that for small amplitudes the torsional 
vibrations [22] of the three axes of inertia can be 
regarded as independent, Jablonski [19] has given 
the following approximate expression for this dis-
persion (kT5> hco): 

^ „C f l 2kT u(T) = 20 = -—+—^ 
I CO I CO 

(3) 

Since u 1, (1) may be replaced by the following 
approximate formula, with (3) being taken into 
account: 

> - ( - ''o A + BT, 

where 

A = 
and 

B=-

3h_ 

I co 

6 k 
I OJ 

2 ' 

(4) 

(5) 

(6) 

In the case investigated, the angle y between the 
mean direction of the position equilibrium and the 
instantaneous direction amounts to 8.9° and 5.35° 
for F = 293 K and F = 1 0 3 K , respectively, for co 
determined below. Thus, the approximation given 
by (4) holds true. 

As can be easily seen, u does not vanish when the 
temperature tends to 0 K. However, the formulas 
(3) and (4) are true only for kT> hco, and therefore 
the value A can not be evaluated from the extra-
polation /-0(F) for T - * OK. Plotting the left-hand 
side of (4) as a function of T for r{ = 0.4 one obtains 
a straight line with the slope B (Figure 1). The 
moment of inertia / can be calculated from the 
known structure of the molecule. The mean moment 
of inertia with respect to the axis perpendicular to 
the long axis of the POPOP molecule results to be 
/ = 19.7 x 10~44 kg m2 and is considerably smaller 
than that determined from the rotational depolari-
zation in liquid solvent [24], The vlue of B (Fig. 1) 
obtained is 2 .4xlO~ 4K~ 1 and, hence, from (6) 
co — 1.3 x 10'2 s ~' and from (2) . ^ = 3 . 3 x l 0 - 1 9 

mrkg.s - 2 . The value of co obtained seems quite 
reasonable. In rigid solutions where the luminescent 
molecule does not rotate, the torsional vibrations 
are the -only depolarizing factor in the solution, 
immediately following excitation during thermal 
relaxation (F ' % 4.7 x 10_12s). 

We thank Professor A. Schmillen (University of 
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