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The kinetic theory of the diffusio-electric polarization is developed analogous to the previously 
treated thermo-electric polarization (Waldmann, Hess 1969). The relevant constitutive law is derived. 
The characteristic coefficient determining the magnitude of this effect is related to collision 
integrals obtained from the Waldmann-Snider equation. A simple model calculation shows that this 
coefficient will be nonzero, in general, and of measurable size, for polar symmetric top molecules.

A diffusion flow in a mixture of polar symmetric 

top molecules with another gas may give rise to a 

preferential orientation of the average electric dipole 

moment of the polar molecules. Such an alignment 

leads to an electric polarization proportional to the 

concentration gradient. This effect is similar to the 

thermoelectric polarization which has previously 

been studied theoretically *. It is the purpose of this 

note to state the relevant constitutive law and to 

present some theoretical results for the diffusio- 

electric polarization which can be obtained from the 

kinetic theory based on the Waldmann-Snider equa­

tion 2> 3. The thermo- and diffusio-electric polariza­

tion effects are examples of nonequilibrium align­

ment phenomena4,5 which are related to the in­

fluence of magnetic and electric fields on the trans­

port properties of molecular gases6 ' (Senftleben- 

Beenakker effect).

Constitutive Law

The constitutive law for the electric polarization P  

caused by a temperature gradient \/T is

P = rT ~ 1\7T . (1)

Here I  is a characteristic coefficient determining 

the sign and the magnitude of the thermoelectric 

polarization. The derivation of (1) and of a micro­

scopic expression for 71 has been given in Refer­

ence 1. Analogous to ( 1 ), the constitutive law for 

the electric polarization induced by a concentration 

gradient in a binary mixture (molar fractions x1, x2 

= 1 —x1) can be written as

P = r T>(x1xo) “ 1 V * i  =  — I'd 0*1 x2) -1 V x-2 (2) 

with another characteristic coefficient Td .

Reprint requests to Dr. S. Hess, Institut für Theoret.
Physik der Universität Erlangen-Nürnberg, D-8520 Erlan­
gen, Glückstraße 6 .

In the following, the derivation of (2) and of a 

microscopic expression for Td is indicated for a 

special mixture where the components labelled by 

“ 1” and “2 ” are polar symmetric top molecules 

(e. g. NH3 , CH3F, CF3H, . . . ) ,  and nonpolar mole­

cules (e.g. noble gases, N2, CH4 , SF6, . . . ) ,  re­

spectively. First, the connection between the electric 

polarization and the average orientation of the 

electric dipole moment has to be discussed.

Electric Polarization and Average Electric 

Dipole Moment

The nonresonant component of the molecular 

dipole moment, i. e. its component parallel to the 

rotational angular momentum h J  only can be 

oriented in a stationary transport situation. For the 

mixture of a polar and a nonpolar gas the non­

resonant part of the electric polarization is 1

P = n1d (U) (3)

with

U = J 2J  u J .  (4)

The magnitude of the dipole moment and the unit 

vector parallel to it are denoted by d and U. The 

bracket ( . . . )  indicates a nonequilibrium average. 

Notice that J*U  = 0 for linear ^-molecules.

According to (3), the average orientation d{XJ) 

of the nonresonant part of the electric dipole moment 

caused by a diffusion flow has to be calculated in 

order to derive Equation (2 ). This can be accom­

plished by deriving the relevant transport-relaxation 

equation from the Waldmann-Snider equation with 

the help of the moment method 8.

Transport-Relaxation Equation

Subject to the assumption that (U ), the number 

densities n1, n2 , and the diffusion velocity V12 are
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the only macroscopic variables needed to specify 

the nonequilibrium state of the gas, the following 

equation is found for (U ) :

+a,d (U )+ U 0 ü0 1tt)dv *^12 — '0 5 (5)

with

u 0= {h(U2)0y ,!, v0= (kT/mn Yll ; (6 )

m \2 = mi m 2 (mi + m2) ~1 ^  the reduced mass of a 
pair a polar and a nonpolar molecule. The bracket 

( .. . ) 0 indicates an equilibrium average. The relaxa­

tion frequency cod is the inverse relaxation time of 

the nonresonant part of the electric polarization. It 

occurs in connection with nonresonant microwave 

absorption 9. The nondiagonal relaxation coefficient 

ojdv is a measure for the collision induced coupling 

between (U) and the diffusion velocity V12 . The 

relaxation coefficient cod is positive, a)dv may have 

both signs. Both oj d and codv can be expressed in 

terms of collision integrals obtained from the linea­

rized Waldmann-Snider collision term. Before these 

collision integrals are discussed, it is noticed that 

effective cross sections o.. associated with the relax­

ation coefficients a>d and codv can be introduced by

cod = n1v (th1} + n2v (th2) o(d 2), (7)

Md\ = TioV th2) a(d12), (8 )

where

vth?) = (8  kTjji m;j)1/! with

mij = mi mj {mi + mj)~1 (9 )

is a thermal velocity. Eqs. (7, 8 ) show the depen­

dence of the relaxation coefficients on the number 

densities n1 and n2 explicitly. The superscript of

o.S1?) refers to a collision of a particle “i” with a 

particle

Collision Integrals

The collision integrals for the effective cross sec­

tion defined by (7,8) are

o<d11) - 2 (£/2 )0-‘ {U-a [at, (U + U,) ]}<„,, (1 0 ) 

o<it> = 2(U*),-'{V-a [ot,ü]}ao , (11)

o'i? = 2 v'S1 4 U0-' {U- (ye — /  e')aa>}a2). (1 2 )

The curly bracket stands for 

{ . . .  }(j;-) = (Tr e~£) _ 1  (Trj e~*1) _1Tr Trj e~ -£ + £̂

7i:_5/2 J d y e~yi y2 y d2e d2er . . .
Ö 4  71

(13)

Here e is the internal energy operator in units of 

kT, y and y are the magnitudes of the relative velo­

cities after and before a collision in units of

2  kTIniij, e' and e are unit vectors parallel to the 

relative linear momentum before and after a colli­

sion. In (10) and (13), the subscript “ I ” refers to 

the variables of the colliding partner. The quantities 

a and o’*' occurring in {. . .}(jj) are the scattering 

amplitude operator and its adjoint for the collision 

of a particle “i” with a particle For further 

details on collision integrals e. g. see Reference 4’ 8.

Notice that all effective cross sections (1 0 —1 2 ) 

vanish for a purely spherical scattering amplitude 

a = a0(y, C 'e ') where ö0 is a scalar quantity. Hence 

these cross sections depend on the nonsphericity of 

the scattering amplitude10 (and of the molecular 

interaction potential) in a crucial way.

A Special Model

Next, it is demonstrated that the effective cross 

section a(d12) which is responsible for the coupling 

between (U) and V12 can be expected to be nonzero, 

in general. To this purpose, the simple model scat­

tering amplitude

a = a0 + a1U • (e — 2)  (14)

is invoked for the scattering of a polar molecule 

with a nonpolar one. The spherical scattering am­

plitude a0 and the coefficient ax are scalars. A non- 

spherical term as in (14) always occurs when the 

center of mass of a symmetric top molecule does not 

coincide with its geometric center. In general, addi­

tional nonspherical terms, in particular those which 

induce transitions between the internal energy states 

of a molecule, have to be taken into account. The 

simple ansatz (14), however, suffices to show that 

o(dv} + 0 .

Insertion of (14) into (1 2 ) yields

Od1! 1 =  S 1/2 ^0 {)’ (1 -  e ' e ") Re (a, a , * ) } . (15)

A nonsphericity parameter ß can be introduced by

Re(a0 ax*) = ß  \ a0 |2 . (16)

If ß and | a0 2 are assumed to be independent of the 

scattering angle and of y, (15) reduces to

a<'dv) = y 2 n  U0ß o0 (17)

with the spherical cross section a0 = 4 n  | a0 |2. Notice 

that o(dy) and consequently cody are linearly propor­

tional to the nonsphericity parameter ß.
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After these remarks on collision integrals, the 

discussion of Eq. (5) is resumed. For a steady state 

situation the time derivative of (U) vanishes. Then 

Eq. (5) yields (17)~V12. In the hydrodynamic 

regime, the diffusion velocity obeys the equation

V12= -D {x1x2) ' 1 V*i> (18)

where D is the diffusion coefficient. Thus, with the 

help of Equation (3), the relation (2) is obtained 

with r d now given by

r D = n id U01>0_1  D ft)dv/a>d 

• = U 0d V  n D XyX-2 o(dv2)

Diffusio-electric Polarization

This is the desired microscopic expression for Tq . 

It is recalled that the effective scattering cross sec­

tions are linked with the binary scattering amplitude
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