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Based on the theory o f  photoluminescence polarization, a description o f the determination o f  
transition-moment directions in luminescent molecules oriented in a stretched polymer film is 
given. This method is applied to the linear trans-diphenylpolyenes (C2h symmetry): 1,8-diphenyl- 
octatetraene (DPO ), 1,6-diphenylhexatriene (DPH) and 1,4-diphenylbutadiene (DPB). The same 
transition moment polarized along the long axis o f DPO, DPH and DPB is responsible for ab­
sorption and fluorescence (ß  % 0), when exciting in the long wave absorption band. The results 
are compared with relevant data obtained from dichroism measurements.

1. Introduction

In recent years a num ber o f papers report on po­
larized absorption and luminescence o f arom atic 
molecules aligned in stretched polym er films [1,2]. 
The orientational m echanism  in a streched polymer 
is m ore com plex than  in photoselection. The photo­
selection technique, in which molecules are selected 
by exciting a random  direction  distribution  of m ole­
cules in dilute vitrified  solution by linearly polar­
ized light, yields according to the Perrin  equation
[3]

'■0 =  j ( j cos2ß - i )  ( i)

{ ß  is the angle betw een the absorption and emission 
transition  m om ents); the theoretical lim its o f the 
em ission anisotropy are r0 =  -  jr and r0 =  . The 
photoselection technique is a relative m ethod. The 
directions o f the absorp tion  and em ission transition 
m om ents them selves are not revealed. A review of 
investigations in w hich the principle o f the photo­
selection was em ployed [4], is given by D örr [5, 6],

The determ ination  o f transition-m om ent direc­
tions requires studies w ith ordered systems, such as 
stretched polym er films. In this paper a som ewhat 
d ifferent procedure, based on the theory o f photo­
lum inescence polarization, is proposed.
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2, Theory

Let us consider a prolate m olecule with its d irec­
tions A and E  o f the absorption  and em ission oscil­
lators fixed in the m olecule (F igure 1). The electric 
vector e o f the exciting light m ay be oriented along 
the z-axis. /  and 7j_ designate the com ponents o f 
the fluorescence intensity (I =  I\\ +  2 I ±) parallel

Fig. 1. Geometry o f the system. The exciting light e is po­
larized in the z direction. The fluorescence is observed 
along x (or along y  in the case o f thin PVA films). The 
vectors A and E  represent the direction o f the absorption- 
and emission-transition moments. (5 is the angle between 
the planes formed by the z, A and E, A directions. The 
position o f the angles a>x, co2, y.\ and a2 is evident from the 
figure.
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and perpendicular to e, respectively, as observed 
along the .v-axis. The angles w ,, co2, ß  and Ö (Fig. 1) 
obey the relation

cos co2 =  cos co | cos ß  +  sin CO] sin ß  cos d. (2)

On squaring (2) and averaging over the azim uthal 
angle <5 (<cos<5> =  0, (c o s2 <5) = - 7) we ob ta in  to a 
given absorption oszillator direction co, a m ean 
em ission oscillator value

<(cos2 « 2)  =  cos2 co, cos2/? +  7  s in 2 CO] s in 2/?
=  (4 co s2co, -  I ) ( c o s 2/ ? -  7 ) + j , ( 3 )

where /? is constant for a given transition in the 
molecule.

Hence, the distribution  of m olecules with rod 
shape excited by vertically polarized light £ (Fig. 1) 
is given by

/  (coi) dco] = / g(cO|) cos2 co] dco]. (8)

For /?s = 1, the probability  d istribu tion  (8) deter­
mines the m axim um  selection which can be o b ­
tained using optical excitation o f an isotropic solu­
tion. The emission anisotropy in a vitrified d ilute 
solution is a product o f the loss o f anisotropy due to 
photoselection (2/5) and that due to the angular 
displacem ent o f the absorption, A,  and em ission, E, 
dipoles. Hence, from  (5) we obtain (1).

For R s >  1, from (5), (6) and (8) we obtain

r ( ß , R s) =

(a —\) '  2 +  2 a  (a — 1) — 3 a arcsin —
3 a 1

2 ( a 2— l ) -l/2 — 2 arcsin-

3 , 1 
—  cosz/? -  — 
2 2 (9)

Averaging over all d irections CO] gives the m ean 
<^cos2 co2y  which is connected with the em ission 
anisotropy r(co2) [7]:

3 / | i  1 3  .. ,  . 1 
' - ( ^ 2 )  =  — y - y  =  y  <cos 2 c o 2 > - y .  (4)

Substitution o f the averaged equation  (3) into (4) 
yields

r(ß,  co]) =  ( |< c o s 2 co ,> - 7 ) ({  cos2ß - j ) ,  (5)

where n/2

j  cos2 co, ■ y (co,) dco, 

(co s2 co,) -  0 n/2

f / ( « l) dw!
0

(6)

and /  (co,) dco] is the direction d istribu tion  in the 
excited state owing to the polarized absorption.

For molecules being in the ground state, Tanizaki
[8] derived the following d istribu tion  function o f the 
oriented rods with respect to a stretching direction 
(r-axis):

/g (oj 1) =  R ; sin CO] {1 +  (R 2 — 1) s in2 C0 ]}_3/2, (7) 

where R * is the stretch ratio* .

* The stretch ratio Rs is defined as the axial ratio a/b 
(a and b are the semi-major and -minor axes) of an ellipse 
deformed from a circle of radius r which was initially 
drawn on the film. Uniform stretching of the film was 
tested at each Rs by comparing an imaginary volume of
4 71 a ■ bz/3 with the initial volume of 4 r tr3/3. These two 
volumes agreed within an experimental uncertainty of 4%
[9]-

where
Rl

R i -  1

Plotting r ( ß , R s) against Rs for various values of 
/? (0 /? ^  n/2)  a fam ily of curves representing (9) 
are obtained as shown in Figure 2.

3. Experimental

In order to test the validity o f (9), the following 
linear trans-diphenyl-polyenes (C 2h sym m etry) Ph- 
(CH = CH)„-Ph were chosen: 1,8-diphenylocta- 
te traene (DPO) (/7 = 4), 1,6-diphenylhexatriene 
(DPH) (// =  3) and 1,4-diphenylbutadiene (DPB) 
(n =  2). Their structural formulas and directions o f 
the transition m om ents are shown in F igure 3.

It is known that the fluorescence transition  in 
DPO and DPH occurs from the low-lying 'A | state 
(S j) and in DPB from  the 'B* state (S2), which is at 
slightly higher energy [10],

For these molecules im bedded in stretched poly­
m er films the direction of the electronic transition 
moments has been determ ined by the linear di- 
chroism  and then by the method based on (9).

3.1. Samples and methods

Isotropic films were m ade of a 15% aqueous solu­
tion o f polyvinyl alcohol (PVA) in which the lum i-
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the Stretching rate. For the m easurem ents the most 
hom ogeneous film s were selected.

The polarized absorption m easurem ents were car­
ried out using a single-beam  V SU -2P spectrophoto­
meter. The use o f a parallel light beam  and a G ian 
prism  enabled a high degree o f polarization to be 
achieved (P >  0.98). The fluorescence anisotropy 
m easurem ents were carried out by means o f a 
hom e-built m easuring apparatus [14].

3.2. Dichroism of  chromophores in stretched 
P VA films

In order to determ ine the transitions directions of 
the m olecular electronic bands in the stretched PVA 
films from the d ichroic absorp tion  spectra, Tanizaki 
[8,12] proposed the following expression for the 
density ratio R d =  D / D ± (where D and D ± are 
optical densities for com pletely and linearly polar­
ized lights whose electric vectors are respectively 
parallel and perpendicu lar to the stretching direc­
tion) as a function o f the stretch ratio  R s :

2 +  2 ( 2 w 2 — 1) 7”
R a =

2 m 2 +  \ — (2 m 2 — \ ) T '
(10)

where

T =
Ri

Ri
-0.5
Fig. 2. Theoretical dependence o f r(ß,  R s) on the stretch 
/?s for various values o f ß.

1 - —  -  arctan (R 2S-  1) 1/2
( * ? - ! ) •

1/2

CH XCH ^ ( Q )  DPB

Fig. 3. Structural formulas and the directions (double 
pointed arrows) o f transition moments o f trans-diphenyl- 
polyenes.

nescent molecules DPO  D PH  and DPB were set up 
by methanol. The m ethod of obtaining the Films was 
described early [11 -13 ]. PVA films were stretched 
at abou t 350 K, the rate o f stretching being con­
trolled. The quality o f obtained film sam ples was 
found to be essentially affected by tem perature and

a =  arc cot m

is the angle between the direction of the transition 
m om ent and the orien tation  axis.

The m easured absorp tion  spectra o f DPO , DPH  
and DPB for the D  and D ± com ponents in the PVA 
film stretched 5-fold (Rs =  5 3/2) are shown in F ig­
ure 4. In the long-wave absorption  bands for DPO 
(2 2 0 0 0 -  30000 c m “ 1), D PH  (24000 -  32000 c m '1) 
and DPB (26000 — 34000 cm -1) Rd rem ains con­
stant. The values o f m for D PO , D PH  and DPB 
were obtained from  a com parison o f the m ea­
sured Rd versus Rs values with the theoretical curves 
calculated according to (10) (see Figure 5). m amounts 
to 13, 11 and 8 in the investigated bands o f DPO, 
D PH  and DPB, thus yielding the angles a =  4 .4°, 
5,2° and 1.2°,  respectively. It follows tha t the first 
long-wave absorption  bands for the investigated
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Fig. 4. Absorption spectra o f a) DPB, b) DPH, and c) DPO  
for the D and D x components in PVA Film stretched 
5-fold, and the dependence o f R d =  D\ \ /D± vs. wave­
number v.

molecules exhibits po larization  along the long axis 
o f these molecules, as shown in F igure 3.

3.3. Fluorescence ani so t ropy  o f  c hr om opho re s  
in s t re tched  P  VA f i l m s

The measured lim iting fluorescence anisotropies 
/•0 for DPO, DPH and DPB in isotropic PVA films 
are 0.354, 0.360 and 0.330, respectively. The d iffer­
ence between the fundam ental fluorescence aniso­
tropy (rf = 0.4) and the lim iting value (r0) is due to 
the depolarization o f torsional vibrations which oc­
cur im m ediately following excitation during the 
therm al relaxation of the lum inescent molecule 
[15,16],

The m easured values o f r for DPO , D PH  and 
DPB in stretched PVA films are shown in F igure 6. 
The values lie between the theoretical curves cal­
culated according to (9) for the angles ß  0° and 
10°. For DPO, D PH  and DPB the angles ß  are 6 ° , 
8° and 11°, respectively. F or m olecules having a 
large long-axis-short-axis ratio  (C 2h sym m etry) the 
obtained angles ß  are small, because the molecules 
rigidly em bedded in cavities between the closely 
spaced polym er chains are considerably oriented in 
a stretched polym er film. The DPB m olecule is not 
well oriented in the stretching direction  o f the PVA 
sheet. Nevertheless, it is possible to draw  conclu­
sions about the angle ß.

O ur results show that the transition  from  the ex­
cited singlet state to the ground state is polarized 
along the long axis o f these m olecules and the same

Fig. 5. Theoretical curves o f Rd vs. the stretch ratio R s for 
different values o f m and the corresponding measured m 
values (□  -  DPO, O -  DPH, A -  DPB).

Rs
Fig. 6 . Dependence o f r(ß,  R s) on the degree of stretching 
R s for DPO (O), DPH (+) and DPB (□ ). The full lines are 
the theoretical curves according to (9) for ß  =  0°  and ß  =  
15°. The measured r values were determined by the ex­
citation wavenumbers 26178 cm -1 , 27933 cm -1 and 
29990 cm -1 for DPO, DPH and DPB, respectively.
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transition m om ent is responsible for absorption and 
for em ission (ß  ~  0), when exciting in the long wave 
absorption  band. Polarization of transitions to high-
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