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For the determ ination  of the angle ß between the absorption  and emission transition m oments 
it seems appropria te  to investigate the emission anisotropy as a function of the absorption dichroic 
ratio, Rd, rather than  of the stretch ratio , Rs, of a polym er film. The angles ß thus determ ined for 
linear molecules of 1 ,8-diphenyloctatetraene (DPO), 1,6-diphenylhexatriene (DPH), 1,4-diphenyl- 
butadiene (DPB), 4-dim ethylam ino-4 '-nitrostilbene (DNS), and p-terphenyl (TP) are considerably 
smaller and closer to the zero value. Slight deviations of the angles obtained from ß — 0° result from 
the effect of limited ro ta tional m otions of the lum inescent molecules in the polymer.

1. Introduction function of the measured dichroic ratio

The know ledge of the m utual orientation of the 
transition m om ents (the angle ß) responsible for the 
absorption and em ission, as well as the orientation of 
the above m om ents relative to the m olecular frame­
work is indispensable for the determ ination of the 
relation between the structure and the optical proper­
ties o f a lum inescent m olecule (LM). Such inform ation  
can be obtained by investigating the absorption and 
em ission anisotropies o f oriented system s in which the 
distribution of the LM in the ground state is an iso­
tropic [1 -3 ] , Liquid crystals [4, 5], com pressed b io log­
ical mem branes [6], and, m ore and m ore frequently, 
stretched polym er films are em ployed as orienting sys­
tems [1, 3, 7], The degree o f the orientation of the 
environm ent (e.g. the m ultiplicity of the film stretch­
ing) has been assumed to be the measure of the ar­
rangement o f the LM. As is known, however, the ar­
rangement of the investigated LM is essentially  
affected, apart from the stretch ratio, R s, by the shape 
of the m olecule [8]. As a result, for linear LM  of differ­
ent lengths, different degrees of arrangement are ob ­
tained with the same stretch ratio, Rs, o f the polymer.

Thus, in the case of existing prolate m olecules, the 
changes in the em ission anisotropy due to the stretch­
ing of the polym er film should be investigated as a
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Rd =  A ]{/ A L. (1)

(̂ 4 j] and A ± are the com ponents of the absorbance  
A =  s C  I parallel and perpendicular to the stretching  
direction (the Z-axis) of the polym er film, where e is 
the molar absorption coefficient in litres per m ol • cm, 
C is the concentration in m ol/litres and / is the length  
in cm), which is the measure of the orientation degree 
of the LM.

The investigations of the em ission anisotropy car­
ried out together with the m easurements o f the ab­
sorption dichroic ratio enable the angle ß  between the 
absorption and emission transition m om ents to be 
determ ined m ore accurately.

2. Theoretical Basis

The follow ing expression was obtained, based on 
simple geom etrical considerations, for the absorption  
anisotropy o f uniaxial polymer films with axially sym ­
metric long LM  [2]:

K(R„<p)  =
A ,  -  A

(2)
A\ | + 2  A ±

=  { | a 2 [1 — (a2 — l )1 2 arcsin  1/a] — - |} ( |c o s 2 cp — 

where

a2 =  R 2/ ( R 2 -  1) for RS > 1 .  (3)

cp denotes the angle between the long m olecular axis 
and the direction of the absorption transition m o­
ment.
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Fig. 1. Theoretical dependence of the dichroic ra tio  Rd on 
stretch ratio /?s for different values of (p.

. ..  , . , Fig. 2. Theoretical dependence of r ( ß , R d) on the dichroic
T h e  d ic h ro ic  r a tio  (1) c an  be  w ritte n , b a se d  o n  ex- ra tj0 Rd for different values of ß.

pression (2), in the following way:

=  2

1 + 2  K (R „ (p )

1 - K ( R s,(p)

1 +  a 2 [1 — (a2

(4)

1) ' arcsin  1/a ] (3 cos q> — 1) co s2 (p
1 — a“ [1 — (a — \) ' arc sin 1/a] (3 cos cp — 1) +  cos q>

Figure 1 show s the dichroic ratio, Rd, vs. the stretch 
ratio, Rs, o f the polym er for several values o f the angle 
(p. A lthough (4) differs to a great extent from the ex­
pression obtained by Tanizaki [9], the values o f R d 
calculated for different angles (p and the sam e stretch  
ratios Rs by using these formulae are identical. Hence 
the same plots have been obtained. Form ula (4) is, 
however, much simpler than Tanizaki’s expression [9].

The theoretical considerations and the investiga­
tions of the linear dichroism carried out for linear 
sym metrical m olecules indicate that the absorption  
transition m om ent lies along the long axis o f the m ol­
ecule, which implies that <p =  0°. The dependence of 
the dichroic ratio, R d, on the stretch ratio, Rs, show n  
in Fig. 1 based on (4) for cp =  0°, is linear and can be

described by

I
4'

Hence, when cp =  0° one obtains 

vd +  b

(5)

(6)

This function, representing the true degree of the ori­
entation o f long m olecular axes, taking also into ac­
count such factors as the degree o f the orientation of 
the polym er, the shape factor, etc., can be determined 
from m easurem ents o f the absorption dichroic ratio, 
R<i — A  || M i -

The form ula for the em ission anisotropy obtained  
in the preceding paper [1],

1)1/2 +  2 a (a -  1)

2 ( a 2 — 1) 1/2 — 2 arc sin 1 /a

1/2 — 3 a2 arc sin 1 la 1 , , ,
---------- z M f c o s 2 / ? - } ) ,  (7)



remains valid, with a being given by

^2 _  (0.8 Rd +  0.2)2
a (0.8 R d +  0.2)2 -  1

Figure 2 show s r (/?, ß d) as a function o f R d for different 
angles ß.

3. Comparison with Experiment and Discussion

The em ission anisotropies, r ( ß , R d), measured in 
stretched polyvinyl alcohol (PVA) films for linear 
D PO , D P H  and D PB  m olecules exam ined previously, 
and for D N S and T P as a function of the dichroic 
ratio, R d = A J A ± are show n in Figure 3. F or higher 
stretch ratios, the measured values of the em ission  
anisotropy are included between the theoretical 
curves r ( ß , R d) plotted for ß =  0° and ß  =  10°. For the 
highest stretch ratio of the film, the measured em ission  
anisotropies closely approach the theoretical curve 
with ß =  0°. The angles ß  found for D P O , D P H , D PB , 
D N S  and TP am ount to 4°, 5°, 7°, 5° and 8°, respec­
tively. The angles ß  thus determ ined are distinctly  
smaller than those found with the previous m ethod  
[1], The corrected function given by (6) leads in fact to 
much better agreement between the experim ental re­
sults and theoretical predictions concerning the em is­
sion anisotropy.

It is worth noting that for an isotropic PVA film (for 
Rd =  1), the measured lim iting fluorescence anisot­
ropies differ markedly from the theoretical value 
rf =  0.4, am ounting to 0.354, 0.360, 0.330, 0.363, and
0.318 for D P O , D PH . D PB , D N S, and TP, respective­
ly. The angle ß  calculated with the Perrin equation  
[10] for the LM examined in an isotropic rigid film  
exceeds a value o f 15°. Such a high value o f ß  results 
from limited rotational m otions [11 -14 ], w hich m eans 
that in isotropic PVA films and in m any other media 
considered rigid or highly viscous, the LM have little 
freedom o f limited rotational m otions. Such m otions
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Fig. 3. D ependence of r ( ß , R d) on the dichroic ratio  Rd for 
D P O  (□), D PH  ( + ), DPB (a), DN S (o) and T P  (o). Full lines 
represent the theoretical curves obtained according to for­
m ula (7) for ß =  0° and ß  =  10°.

occurring in the PVA polym er are effectively elim i­
nated by the stretching o f the film. As a result o f the 
deform ation o f the polym er caused by stretching, the 
LM are com pressed m echanically inside the polym er 
cavities, which causes a restriction of their thermal 
rotations but does not affect the character of the intra­
m olecular processes, this being evidenced by the fact 
that the location  and the shape of the absorption and 
fluorescence spectra are independent of the degree of 
the polym er film stretching. U pon the elim ination of 
such restricted rotational m otions, the values of the 
lim iting anisotropy, r0 , o f the LM investigated ranged 
from 0.388 to 0.397, thus being very close to the value 
o f the fundam ental em ission anisotropy, rf =  0.4.

It can be concluded that the results obtained by 
em ploying the m ethod outlined above indicate that 
for the linear LM investigated, the directions o f the 
transition m om ents in the longw ave absorption band 
and in the em ission from the S, state are parallel to the 
long axis of the m olecule.*

* Note added in proof'. In the previous paper [3] in expres­
sion (14) before the fraction on the right hand instead of 3/2 
is 1.

for R d >  (8)
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