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The Number Average of Diffusion Constants
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Swedish Institute for Textile Research, Gothenburg, Sweden

he diffusion curve of a normally diffusing substance with diffusion con-
stant D, and concentration c; is obtained from the equation

c; __2
e ‘P =y, D,) (1)

Y= oVaDit

where z is the distance from the original, sharp boundary, y, is the concentra-
tion gradient % and ¢ is the time. If several substances with different

diffusion constants diffuse with a common original boundary we get a sum of
diffusion curves:

y=2Zy(, D) ()

It has been shown ! 2, that the formula

D,=——- (3)

gives a weight average of the diffusion constants:
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Here, m, is the second moment of the curve, defined by the integral
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and m, is the “zero’th” moment, which is equal to the area 4 between the
curve and the z-axis. This area is proportional to the concentration:

+ 00
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The same average (equation (4)) is obtained by using Boltzmann’s equation

1
D=foym (7)

Dd .
and forming the quotient f7d_c, the integrations extended over the whole
c )

curve.
The formula
AZ
Di=gmm ®

where H is the maximum ordinate, gives the average

PN 2
DA = G (9)
>
V' D,
On differentiating (1) we get
dy, _ zY;
dv 2 D;t (10)
~ By summation of (10) for a constant z we get
2 dy; dy x Y
de ~ dz 2 = D, (11)

3

If D, is a constant (= D) for all the components in the mixture this equation
gives
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z Xy dx x-y-de
D=——p = — " (12)
2t dy 2t - dy

If D, varies and the formula (12) is applied at the point =, we get the average

D= LY@
Y
D, *
or, as y; dz = k dc;
X de;
D, = _ 13
i, (13)
=,
“The number average is defined as
D, = DI - fdc ‘ (14)

5 S

and thus D, is a number average at the point 2. As D, is independent of =,
we can perform an integration over the whole curve and get

e fotanfIut [y

This equation can be used for calculating a number average D, of the diffusion

constants.
It is also possible to get a formula for the direct calculation of D, from the
curve. The introduction of D, from equation (12) into (14) and (15) gives

D — f?/dx _ fy-dx _ i /y'dx (16)

In a still simpler form this can be written

A
[
X
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where the integration should be extended over the whole curve. The equations

- {(16) and (17) thus make it possible to calculate the number average D,. Jul-
lander ® and, later, Singer ¢ have shown that D, should be especially valuable
for the calculation of the weight average of molecular weights by using Sved-
berg’s formula. As no method for the calculation of D, has been available,
the formulas derived here should fill a gap and give further possibilities of
characterizing the polydispersity of a substance.

SUMMARY
1 4
2 /‘ dy

x

dc
gives the number average, &d,, of the diffusion constants of a mixture.

The formula

Here x is the distance from the original, sharp boundary, y is ‘the concen-
tration gradient, and ¢ is the time. A is the area fydx, and the integrations
shall be extended over the whole curve.

The formula derived gives new possibilities of characterizing the. poly-
dispersity of a substance.
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