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For sufficiently symmetric molecules without a permanent electric dipole moment, it is shown 
that refractive indices, K e r r constants and electrooptical absorption measurements in suitable 
non-polar solvents can be uti l ized to determine the components ccgx, a g y , ag2 of the polarizability 
tensor of solute molecules in the electronic ground state. Since the required quantities are avail-
able for anthracene, tetracene, perylene and bianthryl , an evaluation of the polarizability tensor 
components is made possible. 

I n solutions where the solvent molecules possess a permanent electric dipole moment or a suf-
ficiently large quadrupole moment, as for example benzene, the fluctuations of the reaction field 
cause a contribution to the K e r r constant which may be an essential reason for its solvent de-
pendence. 

For molecules with a permanent electric dipole 
moment the components oigx, OCgy and agz of the 
polarizability tensor (in the electronic ground state) 
parallel to its principal axes may generally be deter-
mined from refractive indices, Kerr constants and 
the degree of depolarization of scattered light1. To 
these three quantities correspond three independent 
equations which may be solved for the three com-
ponents <XgX, cngy, and ag 2 . For molecules without a 
permanent electric dipole moment, these equations 
are no longer independent of one another, and there-
fore, an evaluation of ct.gx, 0Lgy and cngz is possible 
only if an additional and appropriate quantity is 
known. For this purpose refractive measurements 
on crystals2-3 or empirical estimations based on the 
measurements on substituted molecules4 with a 
permanent electric dipole moment have been used. 
Alternatively, one could also obtain a suitable 
quantity from electrooptical absorption measure-
ments, i.e., from the change of the optical absorption 
of molecules due to an applied electric field5. 
Electrooptical measurements for anthracene, tetra-
cene, perylene and bianthryl have been recently 
carried out6. With the results from these measure-
ments, supplemented by the experimental results 
from Kerr measurements and refractive and dielec-
tric measurements by LE FE VRE et al. 4,7>8 and by 
KUBALL and GÖB9, the c o m p o n e n t s y.g x , y.g y , <xgz 

of the polarizability of these molecules in the 
electronic ground state have been estimated. 

The components of the polarizabilities determined 
from experimental data are rather strongly depen-

Reprint requests to Prof. D r . W . LIPTAY, Inst i tut für 
Physikalische Chemie der Universität Mainz, I I I . Ord i -
nariat, D-6500 Mainz, Jakob-Welder -Weg 26. 

dent on the theoretical model used, as has been 
shown by KUBALL and GOB3'9-10. Similar difficul-
ties, which are essentially due to the difference of 
the magnitude of the external applied electric field 
and the local field acting on a molecule in a dense 
medium, occur also in the evaluation of data of 
electrooptical absorption measurements. For the 
joint evaluation of the results of dielectric and re-
fractive measurements, of Kerr measurements and 
of electrooptical absorption measurements, all rela-
tions between the experimental quantities and the 
interesting molecular quantities have to be based on 
the same model. The model used in the following is 
based on the concepts introduced by ONSAGER11 

and modified by SCHÖLTE12. The evaluation of 
results of dielectric and refractive measurements 
has been described13 and that of electrooptical ab-
sorption measurements also6. The relations for Kerr 
effect measurements, based on the Onsager-Scholte 
model but with neglect of fluctuation effects were 
deve l oped b y KUBALL and GOB9 - 1 4 ; they correspond, 
with minor modifications, to the following equations, 
when the fluctuation dependent terms are neglected. 

I. Theory 

The quantity K, 

K=(n3-n2)ln0Ea2 , (1) 

as well as the quantity B, 

B = ( n 3 - n 2 ) - v l E J , (2) 

are usually called Kerr constant, where E& is the 
magnitude of the external applied electric field, no 
is the refractive index of the homogeneous and iso-
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tropic system for light with the wavenumber v in 
absence of an applied field, n<i and 713 are the 
refractive indices in presence of an applied electric 
field for linearly polarized light with the electric 
field vector perpendicular and parallel to the direc-
tion of the applied field, respectively. 

A light wave causes an electric polarization Po of 
a medium; the components P02 and P03 perpendi-
cular and parallel, respectively, to the applied 
electric field Ea are * 

Po<x = eo (Wa2 — 1) £aa = 2 NB <>0Ba>, (a = 2 ,3 ) , 
£ (3) 

where L a a is a component of the external electric 
field vector of the light wave, £0 = 8.854 • 10 - 1 2 J - 1 

C2 m - 1 is the permittivity of vacuum, Nb is the 
number density of molecules of the kind B, and 
</"oßa> is the average of a component of the electric 
dipole moment induced by the light wave in mole-
cules of the kind B. For wavenumbers outside of 
the absorption range, hyperpolarizabilities may be 
neglected14»15 '16. Then, the induced dipole moment 
(Xo becomes, 

(Ao = n L S , (4) 

1 
8jz2 1 + E.d 

3 
I t 

t * "* i f e [X (X f 

where II is the tensor of the optical polarizability 
and LS is the effective field strength of the light 
wave. According to ONSAGER11 the quantity LS may 
be represented as a sum of the cavity field Lh and 
of the reaction field LR : 

L S = Lh + L r , (5) 

where 

and 
L R = g fx0 (6) 

Lh = ge2 La2 + ge3 La3 • (7) 
The vectors LA2 and LA3 result from partitioning of 
the external field vector LA of the light wave into a 
vector LA2 perpendicular and a vector La3 parallel 
to the applied electric field E a . The tensors g , ge2 
and ge3 are defined in Eqs. (18) and (19). From 
Eqs. (4) to (7) one obtains 

L s = (1 — g l l ) " 1 (g e 2 L a 2 +g e 3^a3) • (8) 

For molecules with permanent electric dipole 
moments or with anisotropic polarizabilities, their 
distribution becomes anisotropic in the presence of 
an applied electric field. The probability w for a 
molecule to have a definite orientation described, fo r 
example, by Eulerian angles (p and ip is (Eq. (98)5^ 

^ £ f 2 £ + 3 f 2 a - t r ( f 2 a ) Ea (9) 

where 
£ = (1 - f ' a g ) a g E J g , (10) 

^ = ( 1 - f a g ) - 1 ^ , (11) 
a = (1 — f a g ) - 1 ag , (12) 

and where p,g is the permanent electric dipole mo-
ment and a g is the static polarizability of the mole-
cule and k is the Boltzmann constant and T the 
temperature. The second term on the right-hand 
side of Eq. (10) takes into consideration the fluc-
tuation of the reaction field5. 

The quantities f e , f, f', g eo, gel, ge2 and g are 
second-order tensors. Usually it is assumed that the 
solvent can be represented by a homogeneous and 
isotropic dielectric where the solute molecules are 
localized in cavities with a definite shape. In the 
most simple approximation the shape of the 
cavities is assumed to be spherical; consequently, 
the tensor f e is reduced to a scalar 

3 £r 
fe = / e - 1 2er+l t (13) 

where er is the relative permittivity of the solution. 
If furthermore the electric dipole moment of the 
solute molecule is approximated by a point dipole 
localized at the center of the sphere, then 

2 ( e r - l ) 
f = / - 1 = 1 (14) 4 ti eoal (2 er + 1) 

where aw is the radius of the sphere (interaction 
radius). If the shape of the cavity is assumed to be 
ellipsoidal with axes 2 ax, 2 ay and 2 az, then the 
principal components of the tensors become13 

and 
3 * * ( 1 - * * ) ( « , - 1 ) 

h = 47ieoaxayaz (1 — xx) er — «x (16) 

where 

= 
&X I ds 

(s + a\) {(* + a\) (s + al) (s+ a\)} 1/2* 

(17) 



The tensors geo> ge2 and ge3 are similar to f e , only 
ER has to be substituted by the square of the refrac-
tive indices WQ (for the wavenumber v of the incident 
light wave in absence of an applied field), n\ (in 
presence of an applied electric field perpendicular 
to the field vector of the light wave), and n\ (in 
presence of an applied electric field parallel to the 
field vector of the light wave), respectively. Hence 

fe = <J>(£r), geO = (wo) > 9e2 = ' 
ge3 = (18) 

The tensors f ' and g are related similarly to f: 
f = x ( c r ) , f' = x(" 2 )> g = x K ) , (i9) 

where n is the refractive index of the solution for 
v — 0 in absence of an applied field. It is assumed 
that the principal axes of all tensors coincide. This 
is necessarily true for sufficiently symmetric mole-
cules and assures that all products of two or more 
tensors are commutative. 

Equations (4) to (9) lead to the following average 
values for the components of the optical induced 
dipole moments 

<jM0B2> = || 1 + EL J 1 
30k T i kT 

El [ 1 T 
Y t 10 k T 

j iff (1 + tr ( f j a)} ] tr {g e 2 (1 - g H)"* I I } -

f i f f g e 2 ( i - g n ) m f r + t r { f f g e 2 ( i - g n ^ n a } ^ , 

<f*0B3> = ^ { [ l - ^ + tr(f 2a)}]tr{g e 3(1 - g Ü ) 1 n } 

fif|ge3(1 - g n ) - i n p L + t r { f | g e 3 ( 1 - g n ) i n a } ] ^ . 
El 

HkT' 
1 — 

IcT 

(20) 

(21) 

The subscripts B to the sides of the brackets de-
signate that the molecular quantities in the brackets 
are those of the molecule B in the solution. The 
barred quantities are the values averaged over the 
fluctuation of the reaction field5. 

For La2 = La3 (a condition usually true for Kerr 
effect measurements) and with the approximation 
n2 + n3 = 2n0 Eqs. ( l ) - ( 3 ) , (20) and (21) yield for 
a mixture 

B 
n0 

K = ~ = 
n\-n\ NA (2*; + l) 
2 n\El ~~ 60 £0 k T V (2 n* + 1)~ 

B 
(22) 

where 
3 T" 

kJT ( l f ; g e o ( l - g n ) - i n , l 

+ 3tr{f2ge 0(1 - g n ) - i n a } 

- ( ^ - j l f ^ - f tr(fe2a)} 

tr {geo(1 - g n ) - i n (23) 

and where xb is the mole fraction of substance B, 
V = V l ^ n B is the average molar volume of the 
mixture, and Na is the Avogadro constant. 

For a solution of solute molecules (B = 2) in a 
solvent (B = 1) at sufficiently small mole fractions 
x2 the relative permittivities er, the squares nl of 

the refractive indices, the densities o as well as the 
differences n\ — n\ and the Kerr constants B and K 
are linear functions of the mole fractions x2 (and 
also of the weight fractions w2) of the solute mole-
cules to a very good approximation, hence 

. / der \ . / de, 
£r — £rs 

n0s + 

\ dx2/x2-*0 

/dnj\ 
V dx2 Jx2->0' 

x2 — £rs + du'z ) Wi—>0 W2, (24) 

n\ . (dn* 

Q s d? \ 
dx2)3 

X2 = Ps 
do 

du'2 /M'2-»0 U 2 ' 

(25) 

(26) 

dB 
B = B s + ( ~ ) X2=BS + I , , \ dx2 /X2-+0 \ d^2 Iw2-*0 

where 
der \ 
dx2) 

M2 (der \ 
i f i U«* / " « - * ) ' e t C-

w2, (27) 

(28) 

ers, n5s, Qs and Bs are the corresponding quantities 
of the pure solvent. Mi and M2 are the molar 
masses of solvent and solute molecules, respectively. 
The quantities {derldx2)X2^,0 etc. [or (derldw2)W2^0 

etc.] may easily be determined, hence the further 
evaluation will advantageously be based on the 
limit x2 -> 01 . For a non-polar solvent [(//g)i = 0J 
and with the assumption of spherical cavities for 
the solvent molecules Eq. (22) yields for the limit 
x2->0: 



(<£2)^0 = 
60e0kT Jf1J?s(2»S. + l) 

NA Qs ' n0s (2 nj , + 1) \ Bs \ dx2 )x2^0 Mi ii f dB \ + Mo 
Qs \ dx2 Jx xi.-*0 

0 , 3£rs/is(l — /lsagi)-" ^ g i l 1 /der\ 

[ - ' Crs 1 (2 £rs + 1) £rs \dar2 Jx2^0 
(2»,\ + l ) ( 3 - 2 n { . ) 3 gris(l — gisIJi)ni 1 

2 ( 2 < + l ) 1 nL — 1 

(29) 

\ dx2 )x2-*0 

where / i s and <7is are the values of / and g for a solvent molecule in the pure solvent and agi and Ui 
are the average statical and optical polarizabilities of a solvent molecule, respectively (agi = tr otgi/3 , 
IJi = trIIi /3) . 

Similarly from Eq. (23) one obtains for the limit x 2 ^ 0 : 

(<£2)^0 = T r (3 jig ff 9eo (1 - 1 ag)-* (1 - g n ) " i n fxg - jig ff (1 - f ag ) -2 ^ tr { g e 0 (1 - g H ) - i n } 

+ ( ^ ) f [ 3 t r { f 2 g e 0 ( 1 - f ' a g ) 2 ( 1 - f a g ) - 4 ( 1 - g n ) - i a 2 n } 

- t r { f 2 ( 1 - f ' a g ) 2 ( 1 - f a g ) - 4 a 2 } t r { g e 0 ( 1 - g n ) - i n } } 2 

+ 3 t r { f j g e 0 ( 1 - fag)" 1 (1 - g n ) 1 O g H ^ 
- t r { f f ( 1 - f a g ) - i a g } 2 > ^ o t r {g e 0 ( t - g n ) - i n } ^ 

Under similar conditions the following equations hold1 2 : 

(30) 

X2-+0 

tr {g e 0 (1 - g l l ) -

+ 

3 Mi £0 

Na Qs { ( » 0 . - 1 ) 
M 2 
Mi 

1 I dgs \ 
es ' dx2 'x2-*0. 

2n40s+l 
3nl(nl-i) 2tr{(1 - g^IIx)-*!!' } 

kT ~ f a s ) ~ 2 [Ag + tr{f e(1 

( 2 < + l ) a®i tr{(1 

f ag ) _ 1 a g } 2,x2->0 
3 M i £0 

Na Qs {(£rs - 1) 

f- [ 2 1 4 + I -

M1 ' - 1 -( Qs \ d:r2 Jx2^0 
3 £rs ( e rs - 1 ) 2t r{(1 — fisOtgi)" 

gisiii)-ini} 

« M 

1 
(2n02s+ I K 

d n 
dx2 

(der 
(2 firs + 1) £rs \ da:2 )x2 

'-) \ 2 Jx2—Oj ' 
(31) 

(32) (2 £rs + 1) <itr{(1 —fis otgi)-1 agi}J 
With Eq. (28) and similar equations for WQ, q and B the Eqs. (29) —(32) may be transformed into the 

corresponding equations for the limit w2 0. 
By means of electrooptical absorption measurements the following quantity may be determined, 

if for example aliphatic hydrocarbons are used as solvents6: 

{3 [ m fe (1 - f a g ) - i p.g]2 - fig \ \ (1 - f ag)~2 fxg} + 3 m f2 (1 - f ag)~i a g m - tr {f2 (1 - f a g ) - i a g } 

= lcT(E+ 2f2eSW-3J;SM) + ( 2R<D-3K< 2 >) f 2 (1 - f a g ) - i f A g , (33) 

where the quantity E may be obtained from the effect of an applied electric field on the absorption 
spectra of solute molecules, m is a unit vector in direction of the transition moment of the considered 
absorption band, and where the quantities R ^ , RM, SW and SM describe the first- and second-
order electric field dependence of the transition moment5. 

The investigated molecules do not possess a permanent electric dipole moment, i.e. /ug = 0. The 
components of the tensors (f ag ) etc. are smaller than 0.1, hence the following equations hold to a 
sufficient approximation 

(1 - f a g ) = (1 - /äg ) 1 , (1 - f ' a g ) = (1 - g n ) = (1 - / 'äg ) • 1 , 

where ag = trag /3. The following quantities, dependent on the polarizabilities and the interaction radii 
aw 1 of the solvent molecules, are nearly equal to each other for non-polar solvents and therefore will 
be approximated by rjs: 

2tr{(1 - gisIIi)-2II?} 2tr{(1 -fisagi)-2a2gl} 
awitr{(1 - gislli) -i l li} < i t r { (1 - f i s a g i ) - 1 ag i } 

(2TOQ, + 1) 
(»!. - 1) (1 /is agi) /is agi = rjs . (34) 



With these approximations Eqs. (31), (32) and (29) are simplified to 

W = (1 — / ' ag ) 
3 Mi £0 

Qs { ( ^ 8 - 1 ) 
f 2ni .+ 1 

+ I 2 nj8 + 1 

i f 2 / dg 
Mi qs \ dX2 Jxt-*0 

3nl(nla — 1) 7js 
(2n?.+ l)2 

3/2 _ 1 / dg \ 
i f l gs \ dx2 )xt~*0 

2 g', + 1 
2£rs + 1 

3 £rs(firs — 1) 
(2 £rs + l)2 

ttSs \ dr2 / 2-2->0| ' 

1 / der 
ers \ dx2 1x2 

r = (1 — /ag) (1 — / ag) iVA es V »os (2 nj. + 1) 1 Bs \ dz2 )x2-*o 
d 5 \ 

M2 
MI 

1 / d q\ 
— Qs \dX2 Jx2—*0 + 3 £rs r) s 

3 - 2 < _3<7?s 
2(2n«.+ 1) + ( 2 < + I)2 

2 e r s + l 1 (2 ers + l)2 

1 / dnl\ 1 
o f ' 

J _ ( der ) 
£rs \ dx2 /X2-+0 

where 

n\a \ dx2 1x2-

W = t r {g e 0 n } 2 > a ^ o (38), X = tr{fe a g } 2 , , ^ 0 , (39) 

Y = 3tr{f2ge0agn}2;X2_0 - trffi ag}2ift^otr{geon}2i^ + Y', 

(36) 

(37) 

(40) 

(41) where Y' = (1 - / ' ä g ) (1 - / a g ) - 4 [ 3 t r { f 2 g e o a 2 g I I } - tr { f 2a 2 } t r { g e o n } ] 2 > ^ . 

Tab. 1. Data of refractometric and dielectric measurements and 

Molecule A n t h r a c e n e 

Solvent * C H C H C T B 

T/K 293.1 298.1 293.1 298.1 
Mi • 103/kg • mol - 1 84.2 84.2 153.8 78.1 
M2 • 103/kg • mol-1 178.2 178.2 178.2 178.2 

qs • 103/kg • m - 3 0.779 0.774 1.595 0.874 
frs 2.023 2.015 2.238 2.273 
Wos 2.039 2.027 2.139 2.250 
Bs • 1016/V-2 m 2 c m - l 0.0626 0.0945 0.41 
(dQ/dw)w^0 • 103/kg • m - 3 0.071 ± 0.08 - 0 . 6 ± 0.08 0.186 ± 0.002 

0.418 ± 0.09 0.85 ± 0.18 0.616 ± 0.01 
(dn02/dw)ti->o 0.559 ± 0.09 1.08 ± 0 . 1 0.598 ± 0.01 
(dB/dw)w^0 • lO^/V-2 m2 cm-1 3.2 ± 0.6 7.6 ± 0 . 7 4.45 + 0 . 0 7 
?/cm_1 17 730 26600 17 730 16 970 
E • lOSS/V-2 m2 - 0 . 7 ± 3.9 
aw • 1010/m 7 7 7 7 
äg • 1040/CV-1 m2 34 34 34 34 
(1 - / % ) 0.966 0.966 0.960 0.960 
(1 - / ' 5 g ) 0.966 0.966 0.963 0.960 
W • 1040/CV-1 m2 135 ± 12 116 ± 6 125 ± 2 
X • 1040/CV-1 m2 122 ± 12 113 ± 8 128 ± 2 
Y • 1078/C2 V - 2 m4 17.3 ± 5 20.6 ± 2.1 28.3 ± 0.5 

(Y - Y') 1078/C2 V " 2 m4 21 ± 3.7 
Z • 1040/CV-1 m2 - 2 . 2 ± 16 
Clx * ' 3.6:7.5:5.4 3.6:7.5:5.4 3.6 : 7.5 : 5.4 3.6:7.5:5.4 
TCx • My %z 0.485 : 0.204 : 0.314 0.485 : 0.204 : 0.314 0.485 : 0.204 : 0.314 0.485 : 0.204 :"0.314 
fe 1.20 1.20 1.23 1.23 
fex 1.33 1.33 1.37 1.37 
fey 1.12 1.12 1.13 1.13 
fez 1.19 1.19 1.21 1.21 
9eo 1.20 1.20 1.22 1.23 
9eox 1.33 1.33 1.35 1.37 
9eoy 1.12 1.12 1.12 1.13 
Qeoz 1.19 1.19 1.20 1.21 

* C H = cyclohexane, B = benzene, C T = carbon tetrachloride. 



The quantity Y' describes the effects caused by the fluctuation of the reaction field. (E A ) f is the average 
of the square of one component of the fluctuation of the electric field. For solvents, where all electric 
multipole moments but the dipole moment are negligible, {EA)f may be estimated by the equation5 

(E 18 71 EQ al 
(en- l )(2e r e+ 1) ( n j - l ) (2»j + 1) 

£rs »! (42) 

According to Eq. (42), (EA)f vanishes in non-polar 
solvents where ers sy Actually this is true for 
aliphatic hydrocarbons but not for dioxane or 
benzene as solvents. In view of the fact that the 
quadrupole moments of the latter molecules are 
relatively large, Eq. (42) cannot be applied6. 

Furthermore, for the molecules under investiga-
tion, m is parallel to the z-axis of the molecules and 
the quantities and SM are negligible, hence 
Eq. (33) is simplified to 

Z = {1 — /ä g ) kTE = [3 flzag2 - t r { f 2 a g } ] 2 , ^ 0 • 

(43) 

According to Eqs. (35) to (37) and (43) the quan-
tities W, X, Y and Z may be determined from 
refractometric and dielectric measurements, from 
the Kerr effect and from electrooptical measure-
ments. If light with a wavenumber v in sufficient 
distance from an absorption band is used for the 
refractometric and Kerr measurements the tensor II 
may be substituted by the tensor ag to a sufficient 
approximation. Then Eqs. (38) to (40) and (43) are 
reduced to 

IF = geox 3-gx + QeOy ocgy + geoz agz , (44) 

x = fex y-gx + fey a g y + fez <Xgz , (45) 

Cerr effect and electrooptical absorption measurements. 

t r a c e n e 

C H 

P e r y l e n e 

B C H 

B i a n t h r y 1 

B C H 

Refer-

ences 

1 
1 
3 
874 
273 
250 
41 
266 ± 0.02 
76 ± 0 . 1 
79 ± 0 . 0 7 
5 ± 0 . 2 
70 

963 
963 
± 8 
± 9 . 5 
± 1.5 
± 4 . 3 

8.8:5.4 
: 0.166:0.329 

» > 

298.1 
84.2 

228.3 
0.774 
2.015 
2.027 

21200 
- 5 . 6 ± 4 . 5 

46 
0.968 
0.967 

- 2 2 ± 18 
3.6 : ! 
0.51 : 
1.20 
1.35 
1.09 
1.20 
1.20 
1.35 
1.09 
1.20 

1.8:5.4 
0.166:0.329 

298.1 
78.1 

252.3 
0.874 
2.273 
2.250 
0.41 
0.240 ± 0.002 
0.65 ± 0 . 0 3 
0.66 ±0.01 
6.5 ± 0.2 

16970 

7 
47 
0.942 
0.942 

171 ± 2 
172 ± 3 
56 ± 1.9 
37 ± 5 

3.6 : 6.3 : 7.5 
0.511 :0.274: 0.215 
1.23 
1.40 
1.18 
1.14 
1.23 
1.40 
1.18 
1.14 

298.1 
84.2 

252.3 
0.774 
2.015 
2.027 

23000 
8.9 ± 4.5 

7 
47 
0.953 
0.953 

34 ± 18 
3.6 : 6.3 : 7.5 
0.511 :0.274: 0.215 
1.2 
1.35 
1.16 
1.12 
1.2 
1.35 
1.16 
1.12 

298.1 
78.1 

354.4 
0.874 
2.273 
2.250 
0.41 
0.22 ± 0.01 

0.52 
1.2 

16 970 

±0.1 
±0.1 

63 
0.950 
0.950 

229 ± 3 

15.7 ± 1.2 
7 ± 5 

7 .5 :7 .5 :7 .5 
0.333:0.333 
1.23 
1.23 
1.23 
1.23 
1.23 
1.23 
1.23 
1.23 

298.1 
84.2 

354.4 
0.774 
2.015 
2.027 

25700 
- 1 2 . 2 ± 13.3 

4, 8, 9 
7, 8, 9 
7, 8, 9 
7, 8, 9 
4, 8, 9 

6 
6 

63 
0.956 
0.956 

50 ± 52 
7.5 • 7 5 • 7.5 

0.333 0.333 ! o!333 : 0.333 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 



Y = 3(fex9eOxV-gx + feyQeOy^ly "f /ez^eOz^gz) 

ifex^-gx + fey^-gy + /ezagz) 
[geOxXgx + geOyXgy + PeOzOtgz) + Y' , (46) 

Z = 3 flz Kgz — (fix Xgx + fly a gy + flz y-gz), (47) 

where agA, /eA and ĝ O/i (A = x, y, z) are the compo-
nents of the tensors ag , fe and geo, respectively, 
parallel to the principal axes of the molecule. The 
quantities /eA and geoa may be determined using 
Eq. (13) or Eq. (15) and Eq. (18) with the relative 
permittivity ers and the square n^s of the refractive 
index of the pure solvent. For Kerr measurements 
in solvents as aliphatic hydrocarbons, for example, 
the quantity Y' is negligible, then the Eqs. (44) to 
(47) may be solved for the components <xgx, ag2/ and 
ag2 of the polarizability. For Kerr measurements in 
other solvents the quantity Y' has to be estimated 
from independent measurements or with the help 
of Eq. (42), if this relation is appropriate. 

According to Eq. (47) agz (or generally the com-
ponent of the polarizability parallel to the transition 
moment of the electronic band investigated by 
electrooptical absorption measurements) may be 
determined uniquely. The axes of the other two 
components must be chosen on basis of other argu-
ments. In the case of planar aromatic molecules it 
may be assumed that the smallest component of the 
polarizability is perpendicular to the plane of the 
molecule. It should be mentioned, that for suffi-
ciently symmetric molecules, where electrooptical 
absorption measurements could also be made on a 
further absorption band with a transition moment 
perpendicular to the transition moment of the 
other investigated absorption band, a unique 
determination of a second component of the polari-
zability would be possible. In such a case all compo-
nents agA could be determined without using Kerr 
effect measurements. 

II. Results 

The data necessary for the determination of IF, 
X, Y and Z according to Eqs. (35) to (37) and (43) 
are available for the molecules anthracene (I), 
tetracene (II), perylene (III) and bianthryl (IV) and 
are collected in Table 1. The molecules and the 
coordinate system used are given in the following 
figure. The values of (do/dw)w_o etc. are determined 
from 

cco _: ccoo 

published data using Eqs. (24) to (27). The values 
of the interaction radii aw , needed for the calcula-
tion of / and /', and the ratios axjay\az, needed for 
the calculation of feA and geOA are chosen from our 
recent work6. The estimated value of rjs = 0.85^0.2 
was used for all solvents17. The calculated value of 
W, X, Y and Z are listed in Table 1. For Kerr effect 
measurements in the solvents cyclohexane and 
carbon tetrachloride the quantity Y' may be 
neglected, hence in these cases from the quantities 
W to Z the values of <XgZ, otg2/ and agz may be 
calculated according to Eqs. (44) to (47). For Kerr 
measurements in benzene as solvent the value of 
Y' is comparable to the value of Y due to the rather 
large quadrupole moment of the benzene molecule. 
From fluctuation effects in electrooptical absorption 
measurements6 and also from the solvent depen-
dence of spectra a maximal value of (EA)f = 1 8 
• 1016 V2 m - 2 was estimated for the average of the 
square of one component of the fluctuation of the 
electric field at the location of the solute molecules 
in benzene as the solvent. With this value, (Y—Y') 
was evaluated (Tab. 1), which is for anthracene 
almost identical to the values of Y obtained from 
Kerr effect measurements in cyclohexane and 
carbon tetrachloi'ide as should be expected. The 
value of (Y — Y') together with the values of W, X 
and Z yield, then, the components ag;. of the 
polarizability. In spite of Y' being of the same 
magnitude as Y the neglect of Y' does not have an 
essential effect on the calculated values of agA as 
may be seen from the data listed in Table 2. The 
reason is, that for these molecules the value of } ' 
is rather small compared to the other values needed 
for the calculation of the components of the polari-
zability. Hence, in such cases, even a large error in 



Tab. 2. Polarizabilities ag of some aromatic hydrocarbons in the electronic ground state 

Molecule A n t h r a c e n e 

Solvent * C H C T B Pol. acc. to ref. 

Approximation ** E ( N F ) S(NF) E ( N F ) S(NF) E ( W F ) E ( N F ) S(NF) 2 3 4 7 18 

OCgz • 1040/CV-l m2 

ag„ • 1Q40/CV-1 m 2 
agz • 1040/CV-1 m2 

tr ag 1040/CV-1 m2 

21 ± 4.5 24.5 ± 4.5 
43 ± 4.5 50 ± 4.5 
38 ± 5 36.7 ± 5 

102 ± 1 1 111 ± 1 1 

16 ± 2 
39 ± 2 
32 ± 4 
87 ± 2 

18 ± 2 
46 ± 2 
31 ± 4 
95 ± 2 

18 ± 2.2 
41 ± 2.2 
34 ± 3.7 
93 ± 1.3 

16.6 ± 1.8 
42 ± 1.8 
34 ± 3.6 
92 ± 1.3 

18 ± 1.8 
50 ± 1.8 
33 ± 3.6 

101 ± 1.3 

13.2 10.9 17.8 
44.8 49.7 40.0 
28.7 28.7 27.0 
86.7 89.3 84.8 

14.5 16 
37.8 49 
32.3 32 
84.6 97 

Molecule T e t r a c e n e P e r y l e n e B i a n t h r y 1 

Solvent B Pol. acc. B Pol. acc. B 

Approximation E ( W F ) E ( N F ) S(NF) toref . 7 E ( W F ) E ( N F ) S(NF) to ref.7 E ( W F ) E ( N F ) S(NF) 

ag* • 1040/CV -1 m2 

ag y • 1040/CV-1 m 2 
0Lgz • 1040/CV-1 m2 

tr ag 1040/CV-1 m2 

21 ± 2 . 7 18 ± 2 22 ± 2 
58 ± 2 . 7 61 ± 2 73 ± 2 
40 ± 4.7 41 ± 4.5 40 ± 4.5 

119 ± 6 120 ± 6 135 ± 6 

17.3 
53.6 
38.6 

109.5 

21 ± 3 
48 ± 3 
62 ± 4.5 

131 ± 3 

18 ± 3 
51 ± 3 
63 ± 4.5 

132 ± 3 

22 ± 3 
63 ± 3 
55 ± 4.5 

140 ± 3 

19.2 
(49) 
(49) 
117.2 

68 4- 10 74 ± 10 
68 ± 10 61 ± 10 
50 ± 12 50 ± 12 

186 ± 1 1 185 ± 1 1 

74 ± 10 
61 ± 10 
50 ± 12 

185 ± 11 

* Solvents used for refractometric and Kerr effect measurements: C H = cyclohexane, B = benzene, C T = carbon tetrachloride. 
** Approximation used for evaluation of data: 
E ( W F ) : Ellipsoidal cavity and taking fluctuation effects into account [(Ezi),2 = 18 • 1016 V2m~2], 
E ( N F ) : Ellipsoidal cavity and neglect of fluctuation effects ( Y ' = 0), 
S ( N F ) : Spherical cavity and negloct of fluctuation effects ( Y ' = 0). 

OJ 
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the determined quantity Y or in the estimated 
quantity Y' will cause only a minor effect on the 
calculated values of • 

The evaluation of the components ag;. of the 
polarizability are based on the assumption of 
spherical cavities for the solute molecules as well 
as on the assumption of ellipsoidal cavities. The 
values obtained are listed in Tab. 2. For anthracene 
there are refractometric and Kerr effect measure-
ments in three solvents; the values of ag;. obtained 
from these measurements are in rather good agree-
ment. In Tab. 1 are also given the components ag^ 
determined b y LE FEVRE et a l . 4 ' 7 , VUKS 2 and 
KUBALL and GÖB3 . T h e c o m p o n e n t s a g x and v.gy 

are in rather good agreement with the values of 
LE FEVRE et a l . 4 , h o w e v e r the c o m p o n e n t a g 2 ob -
tained in this paper is a little larger than their value. 
Furthermore the components y.gx and xg2 calculated 
by AMOS and BURROWS18 are in very good agree-
ment with experimental values, only the component 
ocgy is a little larger. 

The values of agA for tetracene compare quite 
well with those for anthracene. The main increase 
of the polarizability is parallel to the y-axis as may 
be expected. The same holds for perylene, where in 
the estimation based on ellipsoidal cavities the lar-

* Vectors are represented b y bold-faced italic type letters, 
tensors b y bold-faced sanserif type letters. Thus for 
example p. is a column vector, pi is the corresponding 
row vector and a a tensor; hence fip. is the scalar product 
and [Ap. the second-order tensor product. The physical 
quantities are given in S I units. The conversion factor 
for the polarizability a in cgs units is 

[a ]s i/CV - 1 m 2 = 1.11265 • 10"16 [a]cgs/cm3 • 
1 C. G . LE FEVRE a n d R . J . W . LE FEVRE, Chap . X X X V I ; 

in : Physical Methods of Organic Chemistry, ed. A. WEISS-
BERGER, Interscience Publ. , New Y o r k I960, Vol . I , 
Pt . I l l 2459. 

2 M . F . VUKS , O p t . S p e c t r . 20, 361 [ I 9 6 0 ] . 
3 H. G. KUBALL and R . GÖB, Z. physik. Chem. N F 63, 

2 5 1 [ 1 9 6 9 ] . 
4 R . J . W . L E FEVRE, L . RADOM , a n d G . L . I ) . RITCHIE, 

J . Chem. Soc. B 1967, 595. 
5 W . LIPTAY a n d G . WALZ, Z . N a t u r f o r s c h . 26 a. 2007 

[1971], 
6 W . L I P T A Y , G . W A L Z , WOLFRAM BAUMANN, H . - J . 

SCHLOSSER, H . DECKERS , a n d N . DETZER . Z . N a t u r f o r s c h . 
26a, 2020 [1971]. 

7 R . J . W . L E FEVRE a n d K . M . S . SUNDARAM , J . C h e m . 
Soc. 1963, 4442. 

gest polarizability is along the z-axis. In bianthryl 
the value of ag2 is too small compared with the value 
of ag2 of anthracene. Also one should expect (nearly) 
equal values of <xgx and a g y . However for this 
molecule the values of the components ag;. may be 
rather erroneous due to a poor value of Z, i.e. to 
rather poor electrooptical absorption measurements. 

The difference between the values of the compo-
nents agA obtained with the assumption of ellipsoidal 
cavities and the values obtained on the basis of 
spherical cavities are never too large, however, they 
are significant. Incase of perylene there is even an 
exchange of the largest component resulting in the 
two models. Probably the most reliable data are 
those obtained with the assumption of ellipsoidal 
cavities. 

Since the component of the polarizability parallel 
to the transition moment of the absorption band, 
investigated using electrooptical absorption mea-
surements, is obtained uniquely, the relative values 
of the components y.gx, xgy and ag2 confirm that the 
transition moment of the first singlet-singlet tran-
sition of the molecules I—IV is parallel to the z-axis. 
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