
ed 1# were however proposed using a 
better polydispersity corrective 
factor s . It can be seen that halogen 
substitutions in the aromatic ring de- 
crease the polymer-solvent interac- 
tions. Similar trends were observed in 
chloro-substituted polystyrenes*. The 
comparison between the o factors show 
a specific effect of  the ortho-substi- 
tuent: as already discussed a, poly 
(2, 4, 5-trichlorophenyl methacrylate) 
has a more flexible chain than poly 
(phenyl methacrylate) in spite of the 
three chlorine atoms attached to the 
aromatic ring but the contrast between 
the behaviour of poly(4-chlorophenyl 
methacrylate) and that of  poly(2- 
chlorophenyl methacrylate) indicates 
clearly that only the chlorine atom in 
ortho-position tends to increase the 
flexibility. A quite similar conclusion 

can be drawn by comparing poly(2-t- 
butylphenyl methacrylate) (o = 2.40) 7 
with poly(4-t-butylphenyl methacry- 
late) (o = 2.57) s but in this case the 
differences are less marked. Un- 
doubtedly for poly(2-chlorophenyl 
methacrylate) a steric contribution of 
the chlorine atom in ortho-position 
cannot be considered alone since the 
effect of the very bulky t-butyl substi- 
tuent appears to be less important. 
Additional contributions are very 
likely such as repulsive forces between 
C=O and C-C1 dipoles and also reso- 
nance effects which are particularly 
high in nuclear substituted phenyl 
methacrylates as shown by Otsu et al. 9. 
It is reasonable to think that the com- 
bined actions of these factors can mod- 
ify the configuration of the side groups 
to such an extent that the chain flex- 
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ibility is increased. 
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Effect of chain length and branching on the interaction energies 
of polymer molecules 
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One of the approaches in the study of 
the excluded volume effect in polymer 
science is the modified Flory theory 1. 
Results of this theory have been found 
to be in better agreement with experi- 
ments compared to other theories. In 
this theory, one requires the potential 
energy of interaction, V(S), for a poly- 
mer molecule having a fixed radius of 
gyration, S. Results on V(S) are avail- 
able in the literature for linear chains 
having a large number of statistical seg- 
ments 1'2. In this work, V(S) has been 
obtained for small chain lengths for 
linear as well as branched molecules. 

where cj is given by: 

c2 = gn(n + 2) 

n 

4(n + 1) (S2)ob~v2i 

/=-I 

= 4 2 

(S2)ob 

(2) 

(S2')0b is the mean square radius of 
gyration of the chain, vii are the ele- 
ments of a matrix V which depends on 
the molecular architecture of the 
chain 3-s and g is the ratio of  (S2)0,b to 
the mean square radius of gyration of 
a linear chain having the same number 
of statistical segments: 

FORMULATION 

A polymer molecule is modelled as a 
sequence of n independent statistical 
segments, each having a mean square 
length, l 2. The time-averaged segment 
density at position r from the centre 
of mass has been obtained exactly for a 
molecule having any branched architec- 
ture asa-S: 

1 

/--1 

c? exp(-c2r  2) (1) 

g = (S2)o,b/(S2)o,linear (3) 

g is known analytically 6,~ for common 
branched polymers. 

Fixman 1,8 has shown that the poten- 
tial energy of interaction, V(S), for a 
polymer molecule having a radius of 
gyration S is given by: 

v(s)_ ~* f 0 2 kT 2 p (r, S)dr (4) 

where k is the Boltzmann constant, T 
the absolute temperature and/3" the 

binary cluster integral characterizing 
the potential energy of interaction, 
Vii, between the ith and ]th statistical 
segments: 

/3* = f [ 1  { -  exp - Vil(rij)/kr}] drij 

(5) 

In equation (4), p0(r, S) is the averaged 
segment density for a chain having a 
radius of gyration S and is different 
from the segment density p0(r) which 
is the value without the latter 
constraint. 

As it is extremely difficult to obtain 
p0(r, S) numerically 1, one approxi- 
mates it by p0(r) with S 2 substituted 
for (S2)0b in equations (1) and (2) to 
give: 

1 
p°(r, S) ~ 7r-~- ~- ~ D? exp (-D/2r 2) 

/=1 (6) 

where 

2 _  C ;  2 

s2 (7) 

This approximation is completely 
analogous to that made by Flory 9. 
Equations (4), (6) and (7) give finally: 
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V(S) 13" 1 

kT 2S 3 7r 3/2 

n n 
*3 *3 

ci 0 (8) 

]=1 i=1 

Since the total number of pairwise 
interactions in a molecule is n(n + 1)/2, 
equation (8) may be written alterna- 
tively as: 

V(S) n(n + 1)/3" 

kT 2S 3 
(9) 

where: 

rl yl 

1 

¢~=n(n + l).lr3/2 ~ 
/=1 /=1 

*3 *3 c~ c i 
x (10) 

[42 + e;21 3/2 

Equation (10) can be solved for 
polymer chains having different archi- 
tecture and n, and their effects on the 
potential energy of interaction can be 
studied. 

RESULTS AND DISCUSSION 

The quantity ~ characterizing the 
potential energy of interaction, V(S), 
has been evaluated numerically for 
linear chains as well as for a 3-branch 
regular comb chain shown in Figure 1 
for different values of n. The results 
are shown in Table 1. The number ot 
segments required for asymptotic re- 
suits to be applicable is found to de- 

I I I 
D D D /3 

5 g -Y ~- 
Figure 1 A three-branch regular comb 
chain 

pend on the molecular architecture of 
the chain. For linear chains, the asymp- 
totic value of qL 0.1416, is identical to 
that calculated by Casassa and Orofmo 2. 

The effect of molecular architecture 
on the asymptotic value of ~ is shown 
in Table 2 in which results for several 
uniform star chains are presented. It 
is observed that ~ increases with the 
degree of branching. This is expected 
physically because, for the same value 
of S, a more highly branched chain 
would have a greater density of seg- 
ments near the centre of mass, leading 
to higher interaction energies. 

The calculated values of ¢ and 
V(S)/kT can be used in the Boltzmann 
factor along with the distribution of 
the radius of gyration, wO(s), to study 
the excluded volume problem. It may 
be pointed out that since V(S) occurs 
in the exponential term, small changes 
in the value of ~ may lead to significant 
variations in the expansion factor, aS. 

CONCLUSIONS 

In this work, it has been found that 
the attainment of the asymptote is 
postponed to higher values of n in 
branched chains. Also, the interaction 
energies are found to increase with the 
degree of branching, as expected physi- 
cally. These are expected to have a sig- 
nificant influence in the computation 
of the expansion factor. 

Table I ¢ for  different values of n for lin- 
ear and three-branched regular comb chains 

3-branch regular 
Linear comb 

n ~ n 

4 0.1340 7 0.1361 
8 0.1399 14 0.1399 

12 0.1410 21 0.1408 
16 0.1414 28 0.1412 
20 0.1415 56 0.1417 
40 0.1416 91 0.14185 
60 0.1416 98 0.141865 
80 0.1416 

100 0.1416 

Table 2 ~ for a p branch regular star chain 
for large values of n 

p n 

3 99 0.1545 
4 100 0.1623 
5 100 0.1670 
7 98 0.17095 

10 200 0.1796 
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