Polymer Bulletin 6, 421-428 (1982) PIIWIIIBI‘ Bulletin
© Springer-Verlag 1982

Plasma-Induced Polymerization
10. On the Heterogeneity and Excluded-Volume Effect
of Methyl Methacrylate-Styrene Copolymers

Silvia loan’, Bogdan C. Simionescu? and Cristofor I. Simionescu?

1 «p_Poni" Institute of Macromolecular Chemistry, R-6600 Jassy, Romania
2 pepartment of Organic and Macromolecular Chemistry, Polytechnic Institut of Jassy,
R-6600 Jassy, Romania

SUMMARY

Light scattering method wag used to study the hetero-
geneity of chain composition and the polydispersity
of 50:50 ultrahigh molecular weight random methyl me-
thacrylate - gtyrene copolymers obtained by plasma-
-induced copolymerization.

INTRODUCTION

In a previously published paper, the gynthegis of ul-
trahigh molecular weight methyl methacrylate - gtyrene
50:50 random copolymers by plasma-induced copolymeri-
zation was reported (SIMIONESCU et al., 1982). The
present communication is concerned with the characte-
rization of the obtained copolymers by light scatte-
ring technique, The heterogeneity of chain compogition
was studied baged on the data concerning the influence
of the solvent on the molecular weight of the copoly-
mer,

It is well known that the light scattering method ope-
rates with the go-called particle gcattering function
P(©) which depends on both particle size and shape,
and on the gcattering angle ©., According to the Debye
theory (STACEY, 1956), the anslysis of the P(0) func-
tion (calculated from experimental reaults) allows the
evaluation of the polydispersity of the studied poly-
mer., So, for & linear gaussian chain, the P(6) func-
tion is given by

(1) P
2 _ 2, (E(M) ~AuM 4, _ o\ [ £(u 2
yu? = (2/8%) [ 10 o an (2/A)fo—1§,—ldM+Au

0
where

y = B, P(6) = (Ry/Ke),_q (2)
w = (45/2)%sin?(0/2) (3)
A =2 (4)

and £(M) is the weight distribution of molecular
weights in the sample, 6 i1g the scattering angle, A is
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the wavelength of incident light in the solution,(Sz)
is the unperturbed mean-square radius of gyration °
of a monodisperse sample with molecular weight M, so
z@at A is a constant for the polymer under considera-
ion,
For high-average molecular weights, the first term on
the right-hand side of equation (15 may be neglected
in comparison with the remaining two terms when the
values of u are gsufficiently large, and

2 -2 2
Ju© = —mm— + = u (5)
2L 4

where Mn is the number-average molecular weight, given

by I
T, - 1/ an

Thege equations were used to estimate the polydisper-
sity (M /M ) of two samples.

The exclud¥d-volume effect was discussed in terms of
the two-parameter theory.

EXPERIMENTAL

Six 50:50 random methyl methacrylate - gtyrene copoly-
mer gamples were studied in dioxane (D), methyl ethyl
ketone (MEK) and cyclohexanol (C), on a P.C.L. Peaker
apparatus, at 20°C (D and MEK solutions) and 68.6°C

(C golutionsé, uging meagurements ranging from 40 to
1407at 4360 4.

The indexes of refraction increments were determined
on a Zeigs interferometer, for the game wavelengths
and temperatures,

The experimental precision in the determination of
weight-average molecular weights wes = 10%, and in the
determination of refractive index increments, = 1,5%.

RESULTS AND DISCUSSION

1. Heterogeneity of chain compogition

Weight-average molecular weights (M _)}, obtained in D,
MEK and C, were determined by using Zimm plots and
according to BERRY's method (1966).

Figure 1 presents the angular dependence of reciprocal
square root of reduced scattering intengity for sample
1 (Table 1), at four copolymer concentretions, in D,
at 20°C. Figure 2 shows the reciprocal square root of
reduced goattering intensity ag a function of polymer
concentration (sample 1, D, 20°C) at fixed scattering
angles., These plots allow a better egstimation of the
weight-average molecular weights, of the gecond virial
coefficient and of the radius of gyretion.

Table 1 presents the ﬁy values of the gtudied samples.
One can see that plagmd-induced copolymerization me-
thod led to ultrahigh molecular weight copolymers; it
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TABLE 1
Weight-average molecular weights of the copolymers
¥, (x10~°)
Sample D MEK c
1 7.370 7.323
2 18.423 17.974 18.321
3 20.470 20,175
4 36.846 39.544 37.250
5 55.269 57.668
5 67.551 65.966

also appearsg that, for the same sample, only small dif-
ferences are noted (within the experimental errors)

for the molecular weights determined in the three gol-
vents., Congidering, in addition, that the copolymeriza-
tion yields were lower than 3%, one can conclude that
the copolymers have a very small compositional hetero-
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2. Molecular weight heterogeneity

To obtain some data on the polydigpersity of methyl
methacrylate - gtyrene copolymers, sagples 2 and 4
were gtudied in cyclohexanol, at 68.6°C, temperature
which corresponds to the unperturbed state,

Figure 3, which illustrates the reciprocal square root
of reduced scattering intengity at zero gcattering
angle as a function of congentration for the tgo copo-
lymers, in D and MEK at 20°C, and in C at 68.6°C,
shows that the second virial coefficient is O in this
solvent, at the mentioned temperature.

To egstimate the number-average molecular weight of the
gstudied copolymsrs, as well asg the unpgrturbed radius
of gyration, yu“ waes represented as yu“ = f{u) (Figu-
re 4), according to eguation 5. 201/2

The values of M _, Ao, M _/M_ and (So) for all methyl
methacrylate - gtyrene coBolymegs obtained in cyeclo-
hexanol, at 6 tempe§afyge (68.6 03, are given in

Table 2, Part of (8%) values were obtained by using
the average value of A.
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TABLE 2

Mn’ 4, (S(Z))l/2 and ¥ /M values obtained for the stu~
died copol¥mePs, in C, at 68.6°C

2 2\1/2
ng A (0?8) (So) Mw/mn
Sample (x107°) (x10-7) ¢:9)

1 749%
2 11.268 7.692 1187 1.626
3 1244%
4 24,890 7.576 16805 1.497
5 2068
6 2044%
average value of A = 7.634

%® _ 3data obtained from the average value of A

The values obtained for /Mn ratio indicate a quite
narrow polydispersity of The copolymers obtained by
plasma~-induced polymerization,

Further results will prove that this new method of
polymer gynthesis may be used to obtain uniform mole-
cular weight ("monodigperse") polymers and copoly-
mers.,

Figure 3.

Reciprocal square root of reduced scattering intensity
at zero scattering angle as a function of concentra-
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3. Excluded-volume effect

The excluded-volume effect in diluted polymer solu-
tions is generally discussed in terms of the expan-
sion factoroc? and of the interpenetration function y
(YAMAKAWA,  91971):

2 4 2
oc? = (sHUs2 (6)
£3/2)
v= au%/a 323 (7)
where A, is the gecond virial coefficient, 52 ig the
perturbgd mean~-square radius of gyration, N, is the
Agogadro number, According to the two—param@ter theory,
£ and y are dependent of the excluded-volume parame-
t8r, 7, defined by

z = (1/74M3/2(p/a3/ 2t/ (8)

where B = P/MO, B is the binary cluster integral for
interaction at great distance, and M_is the molar
weight of a repeat unit of the polymer;

Theoretical investigations establighed some equations
giving the dependence of the expansion factor on the
excluded-volume parameter, equations which were used
in many papers (FLORY, 1949; YAMAKAWA end TANAKA,
1967; DOMB and BARRETT, 1967). In our studies, we exs-
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mined these dependence according the relation of
DOMB and BARRETT (1967):

o2 = (1.53 £ 0.01)z%/7

using the unperiurbed dimensions determined in C. The
results are presented in Table 3,

1/2 TABLE 3
(32) andocg values obtained in D and in MEK

172
CONNEP o2
Sample D MEK D MEK
1 1414 1675 3.5 5.0
2 2498 2956 4.4 6.2
3 2638 3147 4.5 6.4
4 3831 4507 5.2 7.2
5 4872 5775 5.5 7.8
6 5357 6346 5.7 8.0
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To verify the theoretical foresights (YAMAKAWA, 1971)
the values of Z were calculated from equatign 9.
Pigure 5 Eyglects the data in the form of < plotted
against 2 also including literature datd (MIYAKI
et al., 1978).

By using equation 8, the interaction parameter at
great distance wag calculated. The value obtained for
the binary cluster integral, in D, B = 30:10-24 cm3,
1s in good agreement with literature data.

To conclude, light scattering data showed that the
copolymers pregsent a gsmall compositional and molecular
we}gat polydispersity. The values of 8, Z and

'2) were determined and proved to correspond to the
tﬁeory of linear flexible polymers.
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