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Calculations of the flow birefringence of a solution of an anisotropic low-molecular weight com
pound in an isotropic solvent have shown that the method of evaluation of the birefringence 
data used so far will not give the anisotropy of intrinsic molecular poiarizability but a quantity 
which also contains terms depending on the geometrical shape of the molecule of the dissolved 
compound and on the polarizabi1ity of the molecule of the solvent. It is probable that this factor 
also plays a role in polymer solutions and contributes to the so far unexplained influence of the 
solvent on the birefringence properties of these systems. 

The magnitude of the flow birefringence of polymer solutions is influenced by the hydrodynamic, 
thermodynamic, and optical properties of the system. The relationships used for the evaluation 
of the experimental data have been derived on the basis of theories neglecting some possible 
physical phenomena. In these theories there appear frictional and conformational properties 
of the polymer molecule, excluded volume and the optical interaction between the distant and 
adjacent parts of the polymer chain; however, the solvent is regarded as a continuum. 

Such an approach has as its consequence that the theory does not in any way include the 
distribution of the solvent molecules in the vicinity of the polymer chain. Although such simpli
fications were roughly warranted by an agreement between theory and experiment, a gradual 
extension and deepening of the experimental material led to the discovery of such effects of the 
solvent which could not be explained satisfactorily in terms of the existing theories. According 
to some authors1 -12, the main cause of the effect of the molecular character of the solvent lies 
in the orientation of solvent molecules near the polymer chain. These authors have arrived at 
a conclusion that the existing relationships used for interpretation can be employed only for those 
solvents in which the orientational effects cannot appear, that is, in the solvents with geometrically 
and optically isotropic molecules. 

It has been an aim of this paper to show theoretically that the effect of the optically 
and geometrically isotropic molecules of the solvent should also be taken into account 
when interpreting the flow birefringence measurements. This effect has not as yet 
been investigated theoretically. 

Collection Czechoslov. Chern. Cornrnun. /Vol. 38/ (1973) 



Effect of Solvent in the Evaluation of the Experimental Data 849 

THEORETICAL 

Our conception of the effect of the solvent on the flow birefringence of polymer 
solutions is based in Kirkwood'sl3 approach to the calculation of the polarizability 
of nonpolar dielectrics. This approach was also used by Copicl4 and KoyamalS ,l6, 
who however took into account only the mutual optical interaction of the individual 
parts of the polymer chain. We shall show here that the optical interaction of the 
solvent molecules with the polymer must also be borne in mind, even in the case 
of a solvent with geometrically and optically isotropic molecules. This is given by the 
fact that parts of the polymer chain (segments) are generally geometrically aniso
tropic. This leads to an anisotropy of the distribution of positions of the solvent 
molecules with respect to the geometrical centre of the part of the polymer chain 
under consideration. Then the dipoles on the solvent molecules induced by the 
light wave form in this centre an additional field not described by the Lorenz-Lorentz 
field. Such effect of the solvent can also be shown for solutions of low-molecular 
weight compounds with geometrically and optically anisotropic and nonpolar mole
cules, in a solvent consisting of optically isotropic spherical molecules. The solution is 
simpler than for polymer solutions and quite sufficient for qualitative illustration. 
This system is considered further in this paper. The problem will also be simplified 
by regarding the molecules of the dissolved compound as having the form of a rotatio
nal ellipsoid, and assuming that the main axes of the tensor of the polarizability of the 
molecule are identical with the geometrical ones. 

A component notation of tensors and Einstein's summation symbolics are used 
throughout this paper. All calculations are carried out in the CGS system. 

From a relationship for intrinsic birefringence used by Nagai l
? we have: 

(1) 

where r is the difference between the main polarizabilities of a molecule of the dis
solved compound, if the effect of the solvent is absent, n is the refractive index of the 
solvent, fzz and fxx are main components of the tensor of the frictional moment of the 
molecule of the dissolved compound (Jxx = fyy), N p is the number of molecules 
of the dissolved compound in 1 cm3 of solution at infinite dilution, G is the only one 
non-zero component of the tensor of the velocity gradient for the plane simple shear 
in a system connected with the flow x', y', z'(G = Gx'Y')' nil and n.L are refractive 
indexes of the solution in the direction of the optical axis of the solution and per
pendicular to it. An infinitely dilute solution can be represented by a system where 
one molecule of the dissolved compound in a unit volume is surrounded by N - 1 
solvent molecules. For such system it holds, after Buckingham and Raabl8 : 
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(2) 

where nCo, G) is the mean value of !I(" G) defined as: 

N (i) 

!I(" G) = L: nee, G) 
i=l 

(3) 

where p~i) is the dipole moment of the i-th molecule, Ea, is the electric vector of the 
incident light wave, e~ and e; are unit vectors in the directions of the measurement, 
, denotes the configuration of the assembly of molecules under investigation. The 
change in the dipole moment of the molecule can be expressed by19: 

(4) 

where aW and a(2) are polarizabilities of an anisotropic molecule of the dissolved 
compound and of an isotropic molecule of the solvent, F~i) is the field in the centre 
of the i-th molecule due to the other molecules of the system, and lJa,p is the unit 
tensor. In an approximation of the point dipoles it holds: 

where r(ij) is the distance of the centres of the i-th and j-th molecules. By substituting 
from Eq. (5) and (4) into Eq. (3) we obtain 

where 

nee, G) = (a~~) + (N - 1)a(2) + 2a(2)a~~)T;~) + 

+ (a(2»)2 YaP + ... )(e~le~ - e~et), 

N N 

Yap = L: L: Td~j) • 
i=2 j=2 

j*i 

(6) 
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Since nil - nl. is very small compared to the refractive index ofthe solution, we obtain 
by rearrangement of Eq. (2): 

lim n il - nl. = 21t(n2 + 2)2 (an(r,G)) . 
0-+0 G 9n aG 0=0 

(7) 

To calculate (an(r, G)laG)o=o in Eq. (7), we shall use the distribution function of the 
molecules in the form: 

(8) 

where r 1 denotes the orientation of the anisotropic molecule with respect to the flow, 
and r 2 determines the position of the molecules of the solvent. If we described the 
interaction of a molecule of the dissolved compound with the molecules of the solvent 
in flow in a purely hydrodynamic way, we could employ the Gotlib and Svetlov orien
tational distribution function2o : 

e1 = 1 + G/x'Y' , 
2kT 

(9) 

where Ix'Y' is the component of the frictional moment of the molecule of the dissolved 
compound in a system connected with the flow. Formally it can be written 

e1 = exp (-UlkT) , where U = -kTln (1 + G/xy/2kT). (10) 

The calculation of (an(r, G)laG)o=o is based on the relationship 

aIT = ~ (In exp (-UlkT) e2 dr). 
aG aG Jexp (-UlkT) e2 dr 

(11) 

By differentiating in Eq. (11) and limit transition for G -+ 0 we get: 

(anlaG)o=o = (1/kT)(<J1) (aUlaG) - (11 aula G») , 

where <> means averaging over e(r, 0). Since for G = 0 the directions e~ and e; are 
equivalent, it holds (IT) = O. Hence, 

(arr/aG)G=o = -(1/kT) (11 aulaG) . (12) 

Bearing in mind that for G -+ 0 the angles of the directions of measurement with the 
x' axis are 45° and 135° and that lap is a symmetrical tensor, we obtain 

(13) 
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In Eq. (12) (8U!8G)G=0 is substituted from Eq. (13) and II is substituted by using 
Eq. (6); (8nj8G)G=0 is introduced into Eq. (7). The expression for lim «nil - nl)!G) 

G .... O 

thus calculated is substituted into (1), which after algebraic rearrangement gives 
eventually 

DISCUSSION 

We have demonstrated that an evaluation of the optical anisotropy of small aniso
tropic molecules of the dissolved compound based on the flow birefringence mea
surements will yield, even for a solvent with optically and geometrically isotropic 
molecules, r values which besides the own optical anisotropy of the molecule con
tain contributions caused by the solvent (second and third term in Eq. (14)). These 
contributions are due to the distribution anisotropy of the positions of the molecules 
of the solvent around the centre of the molecule of the dissolved compound. They 
disappear only for solvents with unpolarizable molecules (a(2) = 0). Contrary 
to Fukuda and coworkers10

, we believe that a contribution to r could be important 
even in the case of a solvent with optically and geometrically isotropic molecules. 
According to data given in a survey by Buckingham and co-authors19

, remarkable 
differences were found between Kerr's and Mouton-Cotton's constants for benzene 
and carbon disulphide depending on whether they were determined from measure
ments in the gaseous phase or in solution, with tetra chloromethane as solvent. 
Kerr's constants determined in the gaseous phase were even twice as high as those 
in solvent. Buckingham and coworkers attribute these differences to the effect of the 
distribution of the positions of the solvent molecules with respect to the centre of the 
molecule of the dissolved compound. 

Should a solvent with optically and geometrically anisotropic molecules be considered, the 
contribution of the solvent to r would of course also depend on the distribution of orientations 
of the solvent molecules. In the flow birefringence theory of polymer solutions it would be neces
sary, in order to include the effect of the solvent on the optical anisotropy of the polymer, to modi
fy Nagai's relationship17: 

(c is the concentration of the solution, flo is the viscosity of the solvent, N is Avogadro's number 
and M is the molecular weight of the polymer), by replacing the momentary polarizability of the 
chain Yall by a total change of the dipole moment of the chain with respect to Ea, averaging not 
only over all conformations of the chain, but also over all mutual configurations of the solvent 
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molecules (including their orientations in a general case) and oVer the individual parts of the 
polymer chain. Such procedure would not necessitate to calculate the form effects14 - 16,21 

(i.e. a mutual optical interaction of the individual parts of the polymer chain) by means of the 
so-called "excess anisotropy" as has been done up to now. Let it also be mentioned that in the 
preceding reasonings the possibility of influencing the anisotropies of the intrinsic polarizability 
of molecules by their own interactions has been neglected. In some cases, however, such neglecting 
can be problematic. Thus, for instance, even for tetra chloromethane, which is usually regarded 
as an inert compound, mixed enthalpies were found in the systems22 ,23 ethers-CCl4 and poly
propylene oxide-CCl4 which indicated a specific interaction between the CCl4 molecules and the 
ether oxygen. Such interaction can also be reflected in the optical polarizabilities of the inter
acting CCl4 molecules and ether groups. 
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