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Phase separation in solid poly(styrestatmethyl methacrylate) copolymers (styrene volume fractions 0.1-0.9)
was investigated by polarized Rayleigh—Brillouin and Rayleigh light scattering methods. Both these methods
showed evidence of microphase separation caused by chemical polydispersity of the copd@yh®9& Elsevier
Science Ltd. All rights reserved.
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Recently there has been much interest in phase transitionsampules were slowly cooled to the room temperature. The
in systems with a quenched disorder. In particular, the conversions exceeded 98%. The copolymers were used for
behaviour of polydisperse copolymer melts consisting of light scattering measurements directly as obtained.
randont or correlateé34 sequences of A and B monomer Molecular weights were determined by the GPC method
units has been investigated. Mean field theories predict that(THF, 25C) and are shown iTfable 1 The GPC column
below critical temperatur@. such systems undergo phase was calibrated by using polystyrene standards.
transition to a microstructure. Until recently it was assumed  Static light scattering (SLS) measurements were per-
that within the limit of an infinite number of blocks per formed with a Sofica instrument equipped with a He—Ne
chain, the free energy would be degenerate with respect tolaser (vertically polarized, wavelengi, = 632.8 nm) in
the symmetry of the microstructure, leading to the the nagular rangé = 30°—150. The scattered intensiths
prediction of so-called disordered microphase (e.g. Ref. 2). reported in figures of this paper has been normalized by the
However, as first demonstrated in Ref. 3, this assumption isintensity scattered by benzene at the scattering ahgle®®
not right, and a microstructure with a definite symmetry is and corrected for the change in scattering volume \jth
predicted. Further investigations showed that fluctuation Is= I, siné, wherel , is the normalized scattered intensity
corrections might be very importdrt In particular, for the measured at the scattering ang@ld he light scattering data
degenerate case of an uncorrelated statistical copolymerwere fitted to the Ornstein-Zernike (OZ) equatidg(q) =
melt, large fluctuations might result in destruction of the 150)/(1+ £%q?), wherel «(q) is the scattered intensity at the
ordered phasewhich is related to a special degeneracy of scattering vectorq = 4wnsin@/2)/\,, to extract the
such a system. Therefore, both theoretical and experimentalcorrelation lengtte.
studies of possible phase diagrams for copolymer melts with  Brillouin light scattering (BLS) measurements were made
a considerable structural disorder seem to be of greatusing a Brillouin light scattering apparatus previously
importance. describell. The light source was an Ar-ion laser (488 nm)

In this paper we address this question by using polarized (frequency-stabilized Coherent Innova 304). The scattered
Rayleigh—Brillouin and Rayleigh (static) light scattering light was analysed with a piezoelectrically scanned, single-
methods to examine phase behaviour of solid poly(styrene-pass Fabry-Perot interferometer (Tropel model 350). The
statmethyl methacrylate) copolymers with varying volume reflectivity and flatness figures defining the mirrors are 99%
fraction of styrene®s= 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8 andN/200, respectively. The actually realized finess was in
and 0.9. The copolymers were selected because they werexcess of 70 and the free spectral range of the Fabry—Perot
frequently studied in the past and, therefore, conditions for interferometer 36.61 GHz. Only polarized Rayleigh—
their preparation and their basic properties are quite well Brillouin spectra are examined in this work as a function
knowrf’. of copolymer composition at room temperature. The

The copolymers were prepared according to the pro- Rayleigh—Brillouin spectra were approximated by a
cedure described elsewhéreBoth the styrene (S) and Lorentzian shape and analysed using a non-linear least-
methyl methacrylate (MMA) monomers were freed of the squares fitting procedure.
inhibitor and mixed together to obtain the desired initial Both the homopolymers (PS and PMMA) and copoly-
composition. The reaction mixtures were filtered through mers with volume fraction of styrenég=0.1, 0.2, 0.3, 0.4,
PTFE membrane filters with the pore diameter @2 into 0.5, 0.6, 0.7, 0.8 and 0.9, were used for the static light
light scattering cells, freed of oxygen by the three freeze— scattering study. The scattered light intensity,até = 90°
thaw cycles and sealed in vacuum. The polymerization wasis strongly dependent on the volume fraction of styréne
initiated thermally by proceeding at 1ZDfor 18 h and at as shown inFigure 1a We found that samples witbg
150°C for 8 h. After completion of the polymerization, the about 0.5 are optically transparent with the valuel gf
smaller than that of polystyrene alone. The light scattering
*To whom correspondence should be addressed increases as thkg deviates from 0.5 indicating the presence
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Table 1 Molecular characteristics of styrestgatmethyl methacrylate (a)
copolymers from GPC

Code 3 M, X 10° M /M,

sm1/9 0.1 16.5 3.6
sm2/8 0.2 9.0 3.3
sm3/7 0.3 59 3.1
sm4/6 0.4 4.9 2.8
sm5/5 0.5 4.3 2.7
sm6/4 0.6 3.1 2.8
sm7/3 0.7 2.6 3.0
sm8/2 0.8 3.0 3.1
sm9/1 0.9 3.0 3.0

dvol. fraction of styrene

1(90%

of optical inhomogeneities. The light scattering properties
are not symmetrical around this composition. Thus, the
sample with® s = 0.2 shows higher light scattering than that
with 0.8. Further evidence of optical inhomogeneities was
obtained from Rayleigh—Brillouin measurements. Particu- )
lar, the ration of the Rayleigh scattering intensity, to the s
Brillouin intensity, 2, (i.e. the Landau-Placzek (L-P) 250
ratio) is understood as a measure of optical homogeneity of
sample% The smaller thelg/2l ratio, the more homo-
geneous is the sample. The dependenck:/2l z ratio on
composition measured ét= 90° is given inFigure 1h As
expected, the data iRigure 1bare very similar to those in
Figure 1a

The presence of large optical inhomogeneities was
confirmed by angular dependence measurementd sof
shown for samples with a lower content of Skigure 2
The correlation length,£, of these inhomogeneities
evaluated by the Ornstein—Zernike fit to experimental data
are given inTable 2 The correlation length increases with
decreasing content of S from 21 nm for a sample with 50
$5=0.5 up to about 500 nm for samples wibla = 0.1 and
0.2. For the samples withbs=0.60 the size of the
inhomogeneities is very small= 20 nm) which is at the 0
limit of detection by static light scattering.

The optical inhomogeneities observed in the above

200

150

I, /21,

100

experiments may arise from microphase separation of @,

copolymers but may also be caused by density fluctuationsrigure 1 (a) Dependence of the scattered light intensity measurec®at 90
frozen-in at the last viscous stages of the polymerization (90°), on the volume fraction of styrenebs, in styrenestatmethyl
processes. Since the glass transition tempera‘t’gref both methacrylate copolymers. (s-dependence of the Landau-Placzek ratio

the homopolymers and copolymers are practically identical 'w2le

(A. Sikora, personal comm.){ = 11C°C) the effect of the

s_ynthe_5|s should be mdep_endent of the copol_ymer COMPOSI-Tapje 2 Correlation length§) and zero angle intensity 0)) of optical
tion t}elng the same as with homopolymers, i.e. only small inhomogeneities in styrerstatmethyl methacrylate solid copolymers
density fluctuations (sma]ler than 20 nm). are formed. o om1/9 sm2/8 sm3l7 omal6 =y
Therefore, the large optical inhomogeneities probably

reflect a frozen microphase-separated structure producecf’”c')“ 3383 4%8 128 1fg 221 X
during the thermal polymerization at 1®Q This micro- (9 :

phase separation is probably driven by the incompatibility

of the copolymer molecules due to: (i) chemical; and/or (ii)

molecular weight polydispersity. Under the plausible Under such conditions, chemical polydispersity of the
assumption that the refractive index of solid copolymers is copolymers is very low and, consequently, the phase
only slightly molecular-weight-dependent, the phase- separation is negligible. In the case of a non-azeotropic
separated domains due to molecular-weight polydispersity composition of monomer mixtures, the content of the
should not be optically observable. Thus, the observed individual constituent units in macromolecules varies with
microphase separation is most likely related to composition increasing conversion during the copolymerization, so that
inhomogeneities of copolymers caused by their chemical the copolymers thus arising are chemically heterogenous.
polydispersity. This interpretation is supported by the fact There exists a possibility of calculating the variance in
that both Is and Ir/2lg ratio qualitatively follow the the copolymer chemical compositiory®, for random
composition dependence of chemical heterogefifthe copolymers using theoretical results based on copolymer-
lowest scattering intensity observed with samples with ization parameters. Thus, the maximum attainable value
$5=0.4-0.6 can be related to the fact that their composi- of ¢? for the styrene-methyl methacrylate system
tion is close to the azeotropic composition of copolymers. (¢?=2 X 10~%) was found for initial composition 21.5 and
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Figure 2 qg>dependence of the scattered light intendityfor copolymers as indicated. The full lines are the best least-square fits (OZ equation) to the data

78.5 vol% of styrene at conversion 6°9This calculation using his Brillouin light scattering apparatus. This work was

was confirmed by dynamic light scattering experiments on funded by the NSF US-Czech Collaborative Research Grant
semidilute solutions of StatMMA copolymers in (NSF INT-96 00679, ME ES 044) and the Grant Agency of

benzen®. Our investigation of random association of the Academy of Sciences of the Czech Republic (no.

S-statMMA copolymers in the selective solvent acetone A4050604 and A4050804).
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