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Recently Nagai and Ishikawa have investigated
the excluded volume effect on the dipole
moment of a polymer chain by the conventional
perturbation method. They found that, up to
the term in Z° (z, the excluded-volume param-
eter), the following simple relation exists, and
they presumed that the relation may hold for
any other higher order of perturbation.
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In eq 1, r and u are the end-to-end vector and
the dipole moment vector of the chain respec-
tively, and the average with and without sub-
script O refer to those in the absence and in the
presence of the interaction between segments.

We will show in this paper that Nagai and
Ishikawa’s presumption is actually valid not
only for any order of perturbation but also for
any type of interaction and, in addition, there
exists a more general scaling relation between
the distribution function of » and .

The distribution function of a polymer con-
formation can be written in the form,

(1)

P(”’ U1, Ugy *+ 'vN)

=Py(u, v, Uz, - -UN)O1, Uz, - Uy) . (2)
In eq 2, v; is the end-to-end vector of i-th
segment, N is the number of segments in the
chain and P, is the unperturbed distribution
function, the explicit form of which will be
given later. In the case of pairwise interaction,
Q is given by

Q0= €Xp [_kLTlgm Uvi+vi 4 +on) |
(3)
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where U is the the interaction potential between
segments. The particular form of Q, however,
does not affect the results and the following
argument applies to any type of interaction.
From eq 2 we can derive the distribution
function of » and u,

Pu(u)zgdavl"'davNP(u’ Uy, "'vN) ¢ (4)

P,(r)= Sdaudsv1 < dPoy

X0+ -« - +oy—HP@, vy, - -vn) (3)
Here we use the Fourier transform for each
distribution function. For arbitrary function
F(ry, vy, - - -r,) the Fourier transform function is
denoted by F(k,, ks, - - -k,).
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Then eq 2, 4, and 5 are transformed into,
3 3
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P (k) =Py, ky=ky=- - - =ky=0) (8)
B(k)=Pk,=0 ky=k,=-..=ky=Kk,) (9)

According to Nagai and Ishikawa we assume

that P, is a multi-variate Gaussian function and

can be characterized by three parameters, C,,,
C,., and C,,.

C,,= lim Nr?,,
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(10)
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Then we can write P, explicitly.

Byl ki, - - -, ky)= exp [_% (NC, .k,
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Thus we have the following relation:
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From eq 7—9 and using the relation of eq 12
we obtain the following scaling relation.
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Using the following relations:

P -
B=—6 log P,(k, 14
u®y et g Py )ku:0 (14)
*>=—6—2_log P.(k,) (15)
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we immediately obtain eq 1. Here it should
be noted that eq 10 is valid only if we ignore
the contribution of the order of 1/N. The
present argument, therefore, cannot apply to the
case where the dipole moment is independent
of degree of polymerization.?

Note. The proof of eq 12 in Nagai and
Ishikawa’s paper will be given in the following.
Since the following inequality holds for arbitrary
real number ¢,

(P4 11)" =Wt +-2r - WHot 1" =0 (16)

the following inequality must hold:
PO = upy’

Of course the average in eq 17 may be of a

quite general nature in so far as eq 16 is
satisfied.
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