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T h e inf luence of inert ial e f fec ts on the fluorescence an i so t ropy r is d iscussed. 
F r o m recent work on the an i so t ropy of a p ro la t e fluorescent mo lecu l e in a l iqu id solvent it is 

known that its es t imated expe r imen ta l m o m e n t of iner t ia is as m u c h as a b o u t 3 o rde r s of magn i -
t ude greater than that ca lcula ted f r o m its geomet ry . 

In this pape r , by using a non-exponen t i a l f o r m of the m e m o r y f u n c t i o n K (t) in the genera l ized 
re laxat ion equa t ion for /-(/), a sa t is factory a g r e e m e n t be tween m e a s u r e d and ca lcula ted m o m e n t s 
of inert ia is obta ined . 

Introduction 

T h e inf luence o f the mo lecu la r reor ientat ion o n 

the depo la r i za t i on o f the f luorescent l ight in l i q u i d 

so lu t ions has been d i scussed by Pe r r i n [1] a n d 

Jab fonsk i [2]. 

T h e t ime-dependent f luorescence an i so t ropy /•(/) 

i n an i sot rop ic l i q u i d m a y be expressed as 

/ ' ( 0 ) 

= 4 < 3 c o s 2 0 ( t ) ~ 1>, (1) 

where d(t) is the angle between the ab so rp t i on a n d 

e m i s s i o n vectors and the brackets ( . . . ) denote the 

ensemble average. 

T h e Jabfohsk i ' s theory [3] is very general a n d 

y ie lds va lues o f /-(0) w i th in the l imi t s 

- 0 . 2 < /-(0) < 0 .4. 

Howeve r , for l inear rotators h a v i n g a t rans i t ion 

m o m e n t paral lel to their l ong axis, A l i c k i et al. [4] 

sugges ted the genera l ized re laxat ion equa t i on 

d r ( f ) ' 
- ± L = \ K { t ' ) r(t — t ' ) d / ' , 

d t o 

(2) 

in w h i c h K(t) is the first m e m o r y funct ion [ 5 - 8 ] 

p ropo r t i ona l to the angu la r ve loc i ty autocor re la t ion 

funct ion [4], A s s u m i n g an exponent ia l decay o f the 

excited electronic states, exp ( - //rF) together w i t h 

a s ing le exponent ia l decay o f K ( t ) a p p e a r i n g f r o m 

the L a n g e v i n equa t i on for a ngu l a r velocities, they 
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ob ta i ned the f o l l ow i n g expres s i on for the steady-

state f luorescence an i s o t r opy r: 

r( 0) 
= 1 + • 

r F / r R 

1 + A tp/lR 

wi th 

A = 1/(6 k T z 2 ) , 

(3) 

(3 a) 

where r F is the m e a n l i fet ime o f f luorescence, r R the 

reor ientat ioal re laxat ion t ime (equal to Vrj/k T) a nd 

/ the largest m o m e n t o f inert ia o f the f luorescent 

molecule. 

E q u a t i o n (2) po int s to a new aspect o f the 

B r o w n i a n or ientat iona l depo la r i zat ion. Neve r t he -

less, (3) a n d (3 a) are unsat i s factory in so far as the 

m o m e n t s o f inert ia es t imated f r o m exper imenta l 

data [9, 10, 11] w i th (3) a n d (3 a) are b y abou t three 

orders o f m a g n i t u d e greater than those calculated 

f r o m geometr i ca l m o l e c u l a r parameter s [11]. The se 

d i sc repanc ies are m a i n l y due to the i n a d e q u a c y o f 

the app l i ed m e m o r y f unc t i on K(t). W e wil l s h o w 

that a s i m p l e s em i - emp i r i c a l funct ion K(t) [12] 

leads to a rea sonab le ag reement between theoretical 

a n d exper imenta l quant it ies. 

Theoretical Considerations 

T h e r ight s ide o f (1) def ines the angu l a r pos i t i on 

autocor re la t ion f unc t i on G (t) [13]. O n the other 

hand , G(t) is connected w i th the first m e m o r y 

funct ion K(t) as fo l l ows [ 5 - 8 ] : 

— K - L = \ K ( t ' ) G ( t - t ' ) d t ' . 
d t o 

(4 ) 
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T h i s e q u a t i o n is f o r m a l l y ident ica l w i t h (2). B o t h 

f unc t i on s r(t)/r(0) a n d G (t) d e s c r i b e the s a m e 

m o l e c u l a r m o t i o n , t hu s 

/- {t)/r (0) = G(t). (5 ) 

I f we ha ve the f u n c t i o n G(t) o r K(t) w i t h a 

k n o w n decay o f f luorescence, e x p ( — r / r F ) , w e are 

ab l e to calculate the steady-state f l uo re scence a n i s o -

t r opy /• either f r o m 

/• 1 0 0 

— = — f G ( 0 e x p ( - f / T F ) d / (6) 
r ( 0 ) r F 0 

or (by L a p l a c e t r a n s f o r m a t i o n o f (2 ) ) f r o m 

r ( 0 ) * 
- = 1 + T f J * ( / ) e x p ( - t/rF) d t . (7) 

r o 

T h e f unc t i on G(t) c a n be e x p e r i m e n t a l l y deter -

m i n e d , for instance, f r o m the d e p o l a r i z e d scattered 

l ight s pec t r um b y its F o u r i e r t r a n s f o r m a t i o n . T h e n 

K (t) can be ca l cu la ted d i rect ly f r o m (4). T y p i c a l 

e xpe r imen ta l s h a p e s o f G (t) a n d K(t) o b t a i n e d i n 

this w a y [12] are s h o w n in F i g s . 1 a n d 2, w h e r e K(t) 

is c lear ly non - exponen t i a l . 

It is wel l k n o w n f r o m other e x p e r i m e n t s [8, 7], as 

wel l as f r o m m o l e c u l a r d y n a m i c s s i m u l a t i o n s [14, 15] 

that K (t) possesses a l w a y s a po s i t i ve a n d nega t i v e 

lobe. H o w e v e r , the ana lyt ica l a p p r o a c h e s [4, 16] 

b a s i n g o n a L a n g e v i n type e q u a t i o n o f m o t i o n l ead 

to pos i t i ve va lue s o f K{t) on ly . T h u s , the correct 

v a l u e o f r can be e va l ua ted b a s i n g o n a n expe r i -

menta l G(t) o r K(t). H o w e v e r , e x p e r i m e n t a l d a t a 

are often i n comp le te a n d not a l w a y s ob t a i nab l e . 

T h e r e f o r e it is usefu l to fit the exper imenta l f unc t i on 

K(t) b y a n ana ly t i ca l exp re s s i on . T r u m p a k a j [12, 17] 

ha s sugge s ted the f o l l o w i n g f o r m u l a : 

(8) 

w h i c h can be p r o v e d theoret ica l ly w i t h a m o d i f i e d 

G a u s s i a n C a g e M o d e l / G C M / [12] *. 

T h e G C M is b a s e d o n the i dea that the d i s t r i b u -

t i on o f the l i b r a t i on f requenc ie s is G a u s s i a n . T h e 

pa ramete r s p. q a n d E c an be d e t e r m i n e d e xpe r i -

menta l l y . ( F o r e x a m p l e , i n l i q u i d c a r b o n d i s u l p h i d e 

* The details of deriving (8) are g iven in [12]. 

Fig. 1. Some experimental angular position correlation 
functions G (/*) obtained from the depolarized light 
scattered from liquid carbon disulphide [12]. The time 
scale is in the reduced units /* = t f k f J l . 

Fig. 2. Some experimental first memory functions K*(t*) 
obtained from G(t*) as in Fig. 1 by means of (4) (Ref. 
[12]). t* = t]/kT/I; K*{t*) = K{t*) • I/kT. 

p = 22, q = 2.82 a n d E = 6.3 kJ/mol . ) A c c o r d i n g to 

the i n te rp re ta t i on in [12], E is the act i vat ion energy 

for reo r ien ta t i on , p is a s soc i a ted w i th the n u m b e r o f 

nearest n e i g h b o u r s a n d q w i t h the heat capac i ty. 

T h e reo r ien ta t i ona l r e l a xa t i on t ime r R E L m a y be 

exp re s sed f r o m its d e f i n i t i o n a n d (8) b y 

X 

^rel = 1 / J K(t) dt = T0 e x p ( E / k T - q/2), (9) 
o 

6kT 
K(t) = e x p 

pkTv 

21 

• cos U y p(2E — qkT) 
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w h e r e 

r 0 = f p I / \ % n k T ( 9 a ) 

is a n inertial term w i th the m o m e n t o f inert ia / o f 

the f luorescent mo lecu le . 

H y d r o d y n a m i c s theor ies y ie ld the re lat ion r R = 

Vt]/k T [ 1 8 - 2 0 ] , but exper imenta l results [ 1 9 - 2 2 ] 

sugges t that the re l axa t i on t ime tends to a constant, 

z0t] > 0, w h e n the shear v i scos i ty r] is ex t rapo la ted 

to zero, i. e. 

TREL = ron + Vrj/k T . (9 b ) 

T h u s , t a k i n g into account that r ight s ides o f (9) 

a n d (9 b ) s h o u l d be equa l , we have 

exp (E/k T - q/2) = (z0t, + Vrj/k T)/r0. (9 c) 

T h e re lat ion (9 c) l i nk s the act i vat ion ene rgy E w i t h 

the v i scos i ty r\. 

N o w the integral i n (7) can be expre s sed ana -

lyt ica l ly b y 

r( 0) 
= 1 + 

T0„ + Vr]/kT 

i ^ I 6 yrc r 0 

p z F 

E 

r 
/ + 1 

l! 

q , i 1 , — , , , 
2 2 k T 2 

(10) 

w h e r e , . ,, 
a i (a + 1) , 

0 (a, Y; JV) — 1 + .x + — — + ... 
1 • y 2! 7 ( y - h 1) 

a n d r ( x ) is the g a m m a funct ion. 

F o r tp > r 0 a n d l ow va lue s o f rj, (10) b e c o m e s (3) 

i n w h i c h , howeve r , the pa ramete r A is rep laced b y 

C — t o / t F • (11) 
A l t h o u g h z 0 n does not a p p e a r i n a n y h y d r o d y n a m i c 

theory , it is often ident i f ied w i th the free rotator 

co r re la t i on t ime. 

I f we ident i fy T 0 , w i t h T0 (see T a b l e 1) then 

C = T 0 /T F = Y P Ä / J N . 

Le t us r e m a r k that in o u r case C is p r o p o r t i o n a l 

to |Z4, whe re A is g i v e n by (3 a). I n c on sequence 

in s tead o f A a / i n (3) we have got C a Y l in the 

equ i va l en t e q u a t i o n (10). T h u s , the ca lcu lated m o -

ment o f inert ia I is n o w c o m p a r a b l e w i t h its exper i -

menta l va lue ( T a b l e 1) [9, 10, 11], 

W e m u s t not ice that a l so other au tho r s [19, 21] 

have po i n ted out that T 0 , is rather p r opo r t i ona l 

to f l . 

Comparison with Experiments and Discussion 

F o r c o m p a r i s o n o f o u r a p p r o a c h w i th exper i -

menta l data we h a v e c h o s e n f ou r s i m i l a r pro late 

f luorescent mo lecu l e s : p - t e rpheny l a n d three mo l e -

cules o f o x i do - s ub s t i t u t ed p - o l i g o p h e n y l e n s , w h i c h 

were e xpe r imen ta l l y inves t i gated b y K a w s k i et al. 

[9, 10] at 296.5 K in d i ferent so lvents w i t h d i f ferent 

v i scos i t ies f j . F r o m these data the va lue s A a nd / 

were e t imated by m e a n s o f (3) a n d (3 a), a nd the 

effective v o l u m e s V were ob t a i ned f r o m the h i g h 

v i scos i ty s l ope o f Pe r r i n ' s dependence o f r~] o n rf 

T h e va lue s o f / o b t a i n e d in this w a y are o f the o rder 

o f 1 0 _ 4 0 k g - m 2 [9 ,10] , whe rea s those ca lcu lated 

f r o m its geomet r i c a l s t ructure are in the o rde r o f 

10~ 4 3 k g • m 2 (cf. T a b l e 1). 

T a b l e 1 

Q u a n t i t i e s • X + A 

< r F ) [ n s ] 1.11 1.31 1.38 1.30 

1044 7 ^ . 0.438 0.523 1.041 0.731 
[ k g • m 2 ] 5.247 5.117 5.208 6.920 

5.685 5.639 6.249 7.650 
To [ps] 2.32 2.32 2.44 2.70 

W P s ] 9 ± 3 9 ± 2 4 ± 7 4 ± 1 
104 4- / [ k g - m 2 ] 91 ± 66 89 + 51 15 ± 60 21 ± 14 
103 0- F [ m 3 ] 165 ± 12 148 ± 9 211 ± 32 231 ± 5 

M e a n i n g of t h e symbol s : 

A ( ^ y ^ y ^ ( ° ) p - t e r p h e n y l 

o 

2 ,2 ' - epoxy te rpheny l 

o 

+ < ° V - f V < o } 5 ' - m e t h o x y - 2 , 2 ' - e p o x y t e r p h e n y l 

A <̂ >V-\°)-\°/ 3 " - m e t h o x y - 2 , 2 ' - e p o x y t e r p h e n y l 

Viscosity t] [cP] of the solvents [9, 10]: 

n - h e x a n e b e n z e n e cyc lohexane d i o x a n e 

0.32 0.66 1.01 1.45 

Parameters used: /-(0) = 0.4 and p = 22 ± 7.9. 
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0.06 

0.04 

0.02 

0.5 1 1.5 q[cP] 

Fig. 3. rF/[/-(0)/r - 1] vs. q plot according to (12) for a low-
viscosity region. Marks: experimental points taken from 
[9. 10]. ' 

M o r e o v e r , we mus t notice that the expe r imenta l 

data [9, 10] w h i c h we have u sed are not fu l ly 

adequate for precise c ompa r i s on . W h e n a p r o b e 

mo lecu le is relocated f r o m one so lvent to another , 

its interact ion w i th the solvent change s i n a n o n -

l inear manne r and so does its effective v o l u m e 

[23, 6], T h i s effect takes place also in this case. 

I f bo th cond i t i on s r F > z0 and low // are fulf i l led, 

then (10) can be reduced to the f o rm 

r(0)/r-rT°"+ ' 
Vrj 

T f 
(12) 

T h i s is the case for prolate molecu les o f o x i d o -

subst i tuted p - o l i g opheny l ene s in non -po l a r solvents. 

O u r results, ca lculated f r om (12) w i th exper i -

mental data [9, 10] are l isted in Tab l e I. 

It can be seen that the calculated componen t s I . 

are a lmost c o m p a r a b l e w i th I ob ta i ned f r om ex-

per iment, whereas the va lues o f / ob ta ined f r o m (3) 

a n d (3 a) are three o rder s o f m a g n i t u d e greater. 

T h e effective v o l u m e s est imated f r o m the l ow-

v i scos i ty reg ion possess b y about 2 0 % lower va lues 

than those ob ta ined f r o m the h i gh -v i s co s i t y r eg i on 

[ 9 - 1 1 ] . S u c h an effect was First f o u n d in l ight 

scattering exper iment s [23, 6] in wh i ch , however , the 

v o l u m e s mea su r ed were not greater than the geo-

metrical ones. I n non -po l a r solvents both exper i -

ments. the l ight scatter ing and the fluorescence, are 

in g o o d accordance. 

T h e results g i v e n above suggest that a s ing le 

exponent ia l m e m o r y funct ion K(t) is not adequate 

for the descr ipt ion o f mo lecu la r d y n a m i c s in a 

l iqu id . 
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