
Notes to the Edi tor  

Assignment of  the decreased rate 
of  growth observed in the present work, 
to one or more of  these parameters 
would however be very difficult in the 
case of  PEGA since each type of  spheru- 
lite can only be studied in a narrow 
temperature range and so many para- 
meters have to be determined as a 
function of  MW and crosslinking 
density. 
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As a part of  our investigation pro- 
gramme about poly(methacrylic esters), 
we present here some results obtained 
for poly(2-chlorophenyl methacrylate) 
which are compared with those found 
for poly(phenyl methacrylate) ~ and 
other poly(chlorophenyl methacry- 
lates) 2'3 in order to test the effect of  
the hydrogen-chlorine substitution 
on the solution properties and the 
chain flexibility. 

Nine fractions o f . ~  w from 6.7 x 
104 to 74 × 104 were prepared and 
characterized in the way already des- 
cribed for other poly(methacrylic 
esters) 1'4. Mark-Houwink constants, 
interaction parameters B of  Stock- 
mayer-Fixman relation, K0 value and 
chain flexibility factor,o derived from 
viscosity measurements are collected 
in Table 1. The average value o f  Ko 
corrected for polydispersity was ob- 
tained as previously s using the extra- 
polation methods proposed by Stock- 
mayer-Fixman,  Kurata-Stockmayer,  
Cowie, Kamide-Moore and Inagaki-  
Kurata. Adopting for the Flory con- 
stant ~ the value of  2.87 x 1021, we 
found the relation between the unper- 
turbed dimension and molecular 

weight as: 

(~0)1/2 = 0.50M1/2(A ) 

The flexibility factor o was calculated 
taking_~ freely rotating chain dimen- 
sion (r6f)l/2 of 0.22M 1/2. The report- 
ed valueis relatively low for a poly 
(methacrylic ester) having an aromatic 
side chain s . 

The preceding constants can be 
compared in Table 1 with the corres- 
ponding values found for poly(phenyl 
methacrylate) and other poly(chloro- 
phenyl methacrylates). More accurate 
o values than those previously report- 

Table 1 Mark--Houwink constants, interaction parameter B of Stockmayer--Fixman 
relation, K 0 average value and chain flexibility factor o for poly(phenyl methacrylate) and 
poly(chlorophenyl methacrylates) 

Mark--Houwink constants 

K ax 103 B ×  1028 K 0 X 103 
Polymer-solvent (cm3/g) a (cm 3 g-2 mol 2) (cm3/g) a 

Poly(2-chlorophenyl 
methacrylate): 

Tetrahydrofuran 3.2 0.74 -- 
Dioxane 8.3 0,64 2.2 36 
Benzene 9.33 0,62 s 1.5 
Toluene 41.9 0,45 -- 

Poly(phenyl metha- 
crylate) I : 

Dioxane 5.42 0.73 7.8 59 
Benzene 5.75 0.72 6.4 

Poly(4-chlorophenyl 
methacrylate) 2 : 

Dioxane 6.1 0.70 3.45 48 
Benzene 9.2 0.66 2.70 

Poly(2,4,5-trichloro- 
phenyl methacrylate) 3 : 

Dioxane 11.8 0.58 1.0 26 
Benzene 21.2 0.515 ~0.0 

2.27 

2.46 

2.50 

2.37 
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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 
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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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