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SUMMARY

Conformational changes of methacrylonitrile -~ styrene
random copolymers, at different temperatures and in
various solvents zdimethylformamide, dioxane and me-
thyl ethyl ketone), have been gtudied by light scatte-
ring measurements.

INTRODUCTION

Conformational studies of copolymers in diluted solu-
tions were approached by both theoretical and experi-
mental papers (DONDOS et al., 1967; DANON and
JOZEPONVICZ, 1970; DONDOS et al., 1972). The observed
conformational changes were proved to depend on copo-
lymer configuration and molecular weight, on the na-
ture of the solvent and on temperature.

The present paper is dealing with conformational chan-
ges occuring in the particular case of methacryloni-
trile - styrene copolymers of different compositions,
in various solvents and at different temperatures;
light scattering method was uged as experimental
technique.

EXPERIMENTAL

Methacrylonitrile (MAN, My) - styrene (8, M2) copoly-
mers were obtained by plasma-induced copolymerizations
their synthesis as well as some microstructural as-
pects were previously presented (SIMIONESCU et al.,
1981). “H-NMR studies confirmed the statistic charac-
ter of the copolymers.
Light scattering measurements were performed on a
PCL Peaker apparatus, at 4360 %, in the 25°C - 60°C
temperature range; the solvents used were dimethyl-
form?mide (DMF), dioxane (D) and methyl ethyl ketone
MEK) .
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RESULTS AND DISCUSSION

The compogition and the probabllity of occurence of
each type of contact (M, - M (f

- My (£1, + £,-), an M, £ )% -
cgpol erslar g%%eﬁ in Ta % 22
TABLE 1

Structural characteristics of the copolymers

Sample Composition Contact type (probability)
Man (%) s (%) £, £10+f0 P

1 70.33 29.67 0.419 0.570 0.014

2 47.65 52.35 0.083 0.787 0.133

3 32.43 67.57 0,009 0.630 0.361

Conformational changes, appearing under the influence
of temperature and in different solvents, were studied
observing ¢/Rg ratio variation, extrapolated to zero
concentration ?c - concentration, Ry - Rayleigh in-
tensity). These changes, as well as the appearance of
gome conformational transitions, were explained on the
base of copolymer structure and on the moedification
of the existing interactions in the system under the
influence of both temperature and the nature of the
solvent.

In a copolymer chain, the interaction parameter Z is
a linear combination of three terms:

% = T14% 1 * foplop + T15%5 (1)
where 7 5 and % are proportional to the inter-
action @ﬁerg§ for ea%ﬁ type of contact in the given
solvent, and fll' fyo and fy, are the probabilities

of occurence of each type of contact.

The interaction parameters determine the expansion
of the macromolecular chain, according to the equa-
tions:

cii =1 4 (134/105)% + «eeunnns (2)
with

201 = (3/202)32 W2 2w (172 -7y o) (3)
where is the expansion factor of homopolymer 1 in

a solvent 3, b is the length of a statistical seg-
ment, N the number of segments, VS the specific vo-
lume of the selvent.
The heterocontact interactions are characterized by
the parameter Z% given r the expression:

)3

Zy, = (3/20D N1/2 2v (1/2 = (Xyg+Yg~%,)/2)
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The increase of le and Z,, proves the existence of

weak interactionsg between each of the two comonomers
and the solvent (small values of:{ls anﬂ.zzs) and the

decreage of the expansion of the macromolecular chain.
Z12 increases whennxlz increses; this demonstrates

that, with the increase of the nmumber of heterocon-
tacts in the copolymer chain, the incompatibility
also increases and consequently the expansion of the
chain increases too. The variation of temperature to
higher values results in a diminighing of incompati-
bility, thus determining a corresponding decrease of
the expansion of the random copolymer chain in a gi-
ven solvent.

As concerns copolymer 1 (high WMAN content), the con-
formational changes appearing under the influence of
temperature will be determined by le and Z12; as

shown in Table 1, the probability of occurence of 11
and 12 type contacts in this copolymer is high. The
increase of the temperature implies, on the one hand,
the increase of the expansion of the chain due %o
monomer 1 - DMF interactions (Pigure 1), and, on the
other hand, the decrease of chain expansien due to
the decrease of components incompatibility.

10 —(_C__ x'|04
Re)c=0
081 Fig. 1.
Variation of
0.6 (G/RO)C:O against
temperature
0.4 (poly MAN, DNMF).
0.2
0 i L l L
20 30 40 50 60 T(°C)

It has to be mentioned that DMP is a © solvent for
poly MAN, at 29.2°C (BANKS et al., 1970) and manifests
hydrogen bonds with the polymer; MEK and D are non-
-gsolvents for this homopolymer.

The global effect of conformational changes for copo-
lymer 1 is pointed out by the appearance of conforma-
tional transitions varying with the nature of the
solvent (Pigure 2). The values of Xy, increase with

solvent gelectivity and decrease with temperature;
the decrease is more pronounced ag the solvent is
more selective,
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10HRs '
0.9
Pig. 2.
0.8} Variation of
¢/Rg) 60
0.7 against tem-
o4F ® perature for
) copolymer 1.
4 b a ~ DMF
0.3 . b -D
° % ¢ - MEK
0.2 —x—X\x*\q/x" ~ e .
WK
0.1+
0 1 1 ] 1
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As concerns copolymer 3 (high S content), 12 and 22
type interactions predominate (Table 1); these inter-
actions are the ones determining the conformational
changes appearing with temperature., The increase of
the temperature has a small influence on the confor-
mation of poly § (Figure 3), no matter the solvent.

0.4 (’ch) x10° Fig. 3.
c=0 Variation of
| (C/RG)C=O
against tem-
0.3p @  perature
T b (poly S).
e T e a - D (from
DONDOS et al.,
01 1972)
e e e N e b - DMP
L ¢ - MEK
0 { 1 { 1
20 30 40 50 60 T(°C)

As for copolymer 3, the increase of the temperature
diminishes the expansion of the chain due to the in-
crease of the compatibility of the two components.
The importance of the existing interactions explains
the appearance of transitions (Figure 4) as the re-
gult of the modification of the energetic equilibri-
um. The nature of the solvent influences the tempera-
ture of appearance of the mentioned trangitions - the
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phenomenon is noticed at a smaller temperature in D
and at a higher one in DNF.

0.6 (Rie 05

- x1
c=0 Fign 4 .
05k Variation of
( C/Rg ) =0
0.4k against tem~
b perature for
a copolymer 3.
0.3 a->D
[ ]
— b - DMF
0.2 ‘”‘"“~\*\‘ ¢ - MEK
x”)(\-
x/-’\‘\x_ .
o1
0 I ( I I
20 30 40 50 60 T{°C)

Copolymer 2 has a pronounced aliernating character.
The observed conformational changes are not of much
importance (Figure 5). This comportment is quite nor-
mal, the interactions of the two comonomers with the
solvent having opposite conformational results.

L[S\ 109
oe (i’e))éjﬁv/o/"——o\o-—o-c Fig. 5
0.51 Variation of
|l (6/%g) ono
) against tem-
_,__1———“""__1—_‘_1““~.\b perature for
0.3+ copolymer 2.
a - DMF
—x—x—x—!—""‘"“x‘x-u-—u—x_x_.c ¢ -~ MEK
0.1+
0 1 | 1 1
20 30 40 50 60 T(°C)

It has to be mentioned that, according to the given
equations, in studying such aspects of polymer mobi-
1ity in solution, one has to consider the existence
of different effects, whose influence is changing
function of many parameters,

CONCLUSIONS

Light scattering measurements were proved to be use-
full in observing conformational changes of MAN - S
random copolymers in different solvents.

The mentioned conformational changes are more pro-



nounced for copolymers with high MAN or S content and
less important for an about 1l:1 composition copolymer
having a very high probability of occurence of 12 + 21
type contacts.

The solvent has a strong influence on the conformatio~
nal changes, this influence being directly related to
solvent selectivity for one or the other of the two
components. The changes are more spectacular in DMP,
in which poly MAN hag its O temperature; in MEK and D,
non-solvents for poly MAN, the appearing conformatio-~
nal changes are due, on the one hand, to a micellation
(aggregation) tendency of the copolymers, and, on the
other hand, %o the increase of the compatibility with
temperature.

Certainly, the molecular weight of the copolymers has
to play an important role on the transition tempera-
ture; this aspect will be discussed in the near
future.
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