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Abstract | Miscibility of the blends of poly(vinyl methyl ether) (PVME) and copolymers of styrene
and p- or m-methylstyrene showing LCST behavior was investigated by Fourier Transform Infrared
(FTIR) spectroscopy. In this work, we synthesized poly(styrene-co-p-methylstyrene) and poly(sty-
rene-co-m-methylstyrene) by radical polymerization, in which the component of styrene is 10 and 20
wt.%. The miscibility of the styrene/stryene derivative copolymers with PVME, based on the
Hsu’s criterion, was poorer than for polystyrene/PVME. However, poly(styrene-co-p-methylstyrene)
showed better miscibility than poly(styrene-co-m-methylstyrene). The miscibility decreased with inc-
reasing compositions of styrene derivatives in the copolymers and PYME concentrations. This beha-

vior is in good agreement with the results obtained by light scattering and fluoresence spectroscopy.
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INTRODUCTION

Fourier transform infrared(FTIR) spectroscopy
has been recognized as a useful tool for elucidation
of structure in the polymer sciences.!™ The posi-
tion, intensity and shape of vibrational bands are
useful in clarifying conformational and environ-
mental changes of polymers in molecular level.
When two polymers are completely miscible, there
is a distinct chemical interaction between the two
different polymers. This interaction leads to a con-
siderable difference in spectrum between the ho-
mopolymer and blends. This spectroscopic differe-
nce can easily be detected by subtraction the cont-
ributions between both homopolymers and blends.
5~9

Hsu and his co-workers® once reported on the
definite spectral features sensitive to the miscibi-
lity of the blends of polystyrene(PS) and poly(vi-
nyl methyl ether) (PVME) by using FTIR spectro-
scopy. They revealed that the vibrations most sen-
sitive to change in molecular environment are the
C-H out-of-plane vibration eof phenyl ring in PS
and the COCH; vibrations of PVME. The spectro-
scopic features can be regarded as a very useful
and sensitive probe of specific interactions be-
tween styrenic copolymers and PVME as well as
PS and PVME. We found that their suggestions
could be also served as a definite “criterion” for
the miscibility of PVME with poly(styrene-co-1-vi-
nylnaphthalene).!?

The purpose of this work is to investigate the
miscibility of PVME and copolymers of styrene
and styrene derivatives having similar structures
by using FTIR spectroscopy. We synthesized a se-
ries of copolymers containing styrene as a major
component in which another minor component is
styrene derivative i.e, p-methylstyrene or m-meth-
ylstyrene. According to the equation of state
theory, the miscibility is significantly affected by
molecular weight(MW), molecular weight distri-
bution(MWD), thermal expansion coefficient, etc.
Thus, all-out efforts were made to synthesize the
copolymers so that their molecular weight was not
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exceeded 20,000 and the conversions were below
20% in order to avoid any artificial effect of mole-
cular weight and molécular weight distribution.

Here we report the effect of chemical nature
and compositions of comonomer components and
the blend concentration on the miscibility of the
blends in PVME and a series of styrene and sty-
rene derivative copolymers.

EXPERIMENTAL

Materials

Styrene(Junsei Chemical) and p-methylstyrene
(Aldrich Chemical) were washed with 10%
aqueous solution of NaOH to remove inhibitor, fol-
lowed by washing with distilled water until it be-
came neutral. After drying with CaCl, for two
days, it was purified by distillation. M-methyl sty-
rene(Fluka Chemical) was used without further
purification. Azobisisobutyronitrile(AIBN) (Yakuri
Pure Chemical) was purified by recrystallization
from ethanol. Poly(vinyl methyl ether) (PVME)
(Scientific Polymer Products) was purified by the
same method as described elsewhere.!!

Syntheses of Polymers

Polystyrene(PS) was prepared in a polymeriza-
tion tube by adding 3.0M styrene solution of to-
luene, with 1.0 wt.% AIBN. The tube was sealed
after purging with nitrogen gas and polymerization
was carried out at 60C for 4 hrs.

Poly(styrene-co-p-methylstyrene) [P(S-co-
pMeS) ] and poly(styrene-co-m-methylstyrene) [P
(S-co-mMeS)] were synthesized in weight ratios
90/10 and 80/20, respectively, by the same method
as used for PS. Various reaction time was adjusted
for each copolymer so that the polymer obtained
has molecular weight below 20,000 and molecular
weight distribution below 2.0 by controlling the co-
nversion of monomer to polymer in the range be-
low 20%.

Purification of the polymers was accomplished
by reprecipitation in methanol from their toluene
solutions followed by drying in a vacuum oven at
room temperature. The characteristics of the poly-
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Table 1. Characteristics of Polymers used in the Study

Sample Wt. % of styrene Conversion M”) va) NLM” Source
in feed in copolymer® (%)
PS 100 11.9 13,100 17,200 131  synthesized”
PVME 0 — 46,500 99,000 2.13  Scientific
Polym. Prod.

P(S89-co-mMeS1) 90 875 7.8 12,800 15,200 119  synthesized®
P(S8-co-mMeS2) 80 76.5 7.3 12,200 15,600 1.28  synthesized”
P(S89-co-pMeS1) 90 87.3 15.6 14,500 15,700 1.36  synthesized® -
P(88-co-pMeS2) 80 785 15.8 13,700 19,400 142  synthesized®
* analyzed by 'H-NMR.

® measured by GPC.

“ synthesized by radical polymerization.
mers used in this study are given in Table 1.

The composition notation described in Table 1
and in the text are based on monomer feed ratios / /
in copolymers throughout the article, unless other-
wise noted. For instance, P(S8-co-mMeS2) deno-
tes that the composition of the copolymer is 80 wt
% of styrene and 20 wt % m-methylstyrene in L
monomer feed ratio, even though the copolymer 9 é '7 é 5 "1 :'3 ‘2 '1 0
contains slightly different comonomer composi- PPM

tions. The copolymer compositions were determi-
ned by 'H- FT-NMR spectroscopy(JEOL-FX90Q,
90MHz). Fig. 1 shows a typical NMR spectrum of
P(S8-co-mMeS2). The C-CH; protons appeared at
2.1 ppm, which are appeared in m-methylstyrene
only, were used to determine the copolymer com-
positions.'

Measurement

Optical Clarity : The blends of PS as well as sty-
rene/styrene derivative copolymers with PVME
blends with various concentrations were prepared
by casting from 5 wt % solutions in toluene. The
blends were dried slowly in a petri dish at room
temperature and then kept in a vacuum oven until
they reached constant weight.

Molecular Weight of Polymers : Molecular wei-
ght of polymers were determined from GPC(Wa-
ters 244) with Ultrastyragel 500 A-linear-columns.
The measurement was conducted using the RI de-
tector in THF at the flow rate of 1.0 ml/min at 28
C. PS was used as a standard material for calibra-
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Fig. 1. A typical 'H-NMR spectra of P(S8-co-mMeS2)
synthesized at 60C for 4hrs.

tion.

Light Scattering : Details of light scattering ex-
periment were described elsewhere."*** A low-po-
wer 2mW He-Ne laser was used as a light source,
and a photodiode(EG & G HAV-1000 with a sen-
sitivity of 7X10°V/W at R;=20MQ for 6328A
wavelength) was used as the detector. All measu-
rements were performed at a 90 degree scattered
angle. Temperature was repeatedly cycled from
about 50T below the cloud point to about 30C
above it at a constant heating and cooling rate, 2
‘C/min. Reproducibility of the cloud point on suc-
cessive temperature cycles was fairly good.

FT-IR Spectroscopy : IR spectra were obtained
using an Analect FX-6160 FT-IR spectrophotome-
ter. Blends with various concentrations were pre-
pared by 3 wt % solutions in toluene. For the ana-
lyses, blend solutions of toluene were directly in-
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jected into the liquid cell. Thirty-two scans at a re-
solution of 2cm™ were signal-averaged.

Fluorescence Spectroscopy : Fluorescence spec-
tra were obtained using a KONTRON SFM25 spe-
ctrophotometer. The thin films of polymers were
cast from 5 wt % toluene solution onto slide glas-
ses at room temperature. The films were then
dried under vacuum at 55C for at least 72 hrs to
ensure removal of the residual solvent.

The sample was excited at 260nm in a front-face
arrangement to minimize self-absorption. Measu-
red intensities at 278nm(monomer) and 312nm
(excimer) showed no overlaps.

RESULTS AND DISCUSSION

Optical Clarity

All the styrene/styrene derivative copolymers as
well as PS formed transparent films when blended
with PVME. A brief review of the literatures indi-
cates that the blends of PS and PVME show the
miscibility over a wide range of blend concentra-
tions, even though the miscibility of the two poly-
mer was affected by several factors including sol-
vent, temperature, molecular weight, and concent-
ration.’>~ '8 From the standpoints of optical clarity,
the blends cast in toluene shows miscibility over
the whole concentration range examined in this
study regardless of the chemical nature of styrene
derivatives as a minor comonomer components.
The literatures’®~?' show the same results as the
fact that the PS/PVME blends cast in toluene
show miscibility whereas the blends cast in chlo-
roform or trichloroethane, etc. show phase separa-
tion.

Phase Diagram

The observed cloud points of mixtures of PS
with PVME is plotted in Fig. 2. The LCST beha-
vior of PS/PVME blends is well known®®'%%® The
specific interaction between polystyrene and
PVME, arising their compatibility, was reported to
reside on the phenyl group of the styrene mono-
mer and COCH; of PVME.

Fig. 1 also illustrates the comparison in the
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Fig. 2. Cloud points of mixtures containing PVME and
one of the PS(@), P(S9-co-pMeS1) (M), and P(S9-
co-mMeS1) (W¥).

cloud points to the blends of PVME and one of the
PS, P(S9-co-mMeS1), and P(S9-co-pMeS1). In
this case, there is a clear indication of the effect
in addition of p-methylstyrene or m-methylstyrene
on the miscibility of PS/PVME blends. The co-
polymers are evidently less compatible with PVME
than PS, and the cloud points of mixtures contai-
ning styrene/styrene derivative copolymer are shi-
fted downward by about 10C for the p(S9-co-
pMeS1)/PVME mixtures and by more than 30T
for p(89-co-mMeS1)/PVME mixtures. It is intere-
sting to note that the cloud points of mixtures con-
taining copolymer are shifted downward in the or-
der PS>p(S9-co-pMeS1) >p(S9-co-mMeS1) with
PVME, regardless of the copolymer concentra-
tions, meaning that the miscibility of the styrene-
containing copolymers and PVME blends becomes
weaker in that order.

Fig. 3 shows the cloud points of the mixtures of
P(S-co-mMeS) and PVME of two compositions of
90 % and 80 % styrene [P(S9-co-mMeS1) and P
(S8-co-mMeS2), respectively and PVME. It clearly
shows that the mixtures become less miscible as
the composition of m-methylstyrene in the copoly-
mer increases. The same trend in the light scatte-
ring results was observed for the blends of PVME
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Fig. 3. Cloud points of mixtures containing PVME and
one of the P(S9-co-mMeS1) (W) and P(S8-co-mMeS
2) (V).

with copolymers of styrene and p-methylstyrene of
the same compositions.

FTIR Spectra

Hsu and co-workers® reported on the FTIR
study of PS/PVME blends that PVME has a strong
doublet at 1085 and 1107 cm™! with a shoulder at
1132 em™! and the relative intensity of this doublet
varies considerably when the blend sample is
cooled or heated. In addition, they concluded that
the relative intensity of this doublet was sensitive
to the misciblity of the PS/PVME blends, indica-
ting that the intensity of the 1085 cm’! peak was
greater than that of the 1107 cm’! peak for the mi-
scible blend( We called it “Hsu's criterion.”).
They also reported that another peak sensitive to
miscibility in the PS/PVME blends is that of 698
cm’! which is generally assigned to the C-H out-
of-plane bending vibration of phenyl ring in PS.

Our results investigated by FTIR showed a si-
milar tendency in the variation of the relative in-
tensity of a doublet in 1100 cm, except that the
peak height ratio of 1108 cm™ component to 1080
em™ one (A ecm/Ajgecm™) in this study is
much larger than similar peak height ratio of Aj4;
cm/A ggscm ™ for the PS/PVME systems of Hsu,
et al® The differerce may be due to the different
experimental methods to obtain FTIR spectra : a
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Fig. 4. Relative Intensity of the doublet of the 1100
cm! region for P(S9-copMeS1)/PVME Blend. 5 (a)
20, (b) 30, (c) 40, (d) 50, (e) 60, (f) 70, and (g) 80
wt. % P(89-co-pMeS1).

solvent-casted KBr film was used in their work of
Hsu et al® whereas a direct blend solution of
toluene was used in this work. The larger peak
height ratio may be caused by solvent effect. It was
assumed, however, that the different peak height
ratio has no significant meaning to define the mis-
cibility of styrene-containing copolymer with
PVME, since the FTIR experiments in this work
were carried out under the same conditions for all
the blend samples. In fact, our light scattering and
fluoresence spectral studies will prove the assump-
tion to be valid, which will be discussed later.
The FTIR spectra in the 1100 em! region are
presented in Fig. 4~6 for the blends of PVME and
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1080

Absorbance
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1150 1100 1050

Wavenumber (cm™)
Fig. 5. Relative Intensity of the doublet of the 1100
cm’ region for P(S8-co-pMeS2)/PVME Blend. ; (a)
20, (b) 30, (¢) 40, (d) 50, (e) 60, (f) 70, and (g) 80
wt. % P(S58-co-pMeS2).

one of the P(S9-co-pMeS1), P(S8-co-pMeS2), and
P(S8-co-mMeS2), respectively, as a function of in-
creasing PVME concentration. In all cases, the
spectra show that the 1080 cm™ component is do-
minant over the 1108 cm™ component and the rel-
ative intensity of 1108 cm™ band increases as the
PVME concentration increases in the blends. More
interesting feature of the doublet of 1100 cm™ re-
gion is shown in P(S-co-mMeS)/PVME blends, as
shown in Fig. 6. In contrast to Figs. 4 and 5, there
is a remarkable increase and decrease in the ab-
sorbance at 1108 cm™ and at 1080 cm’, respecti-
vely, as PVME concentration increases. Careful in-
spections of Fig. 4 through Fig. 6 show that the re-
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Fig. 6. Relative Intensity of the doublet of the 1100
cm region for P(S8-co-mMeS2)/PVME Blend. ; (a)
20, (b) 30, (c) 40, (d) 50, (e) 60, (f) 70, and (g) 80
wt. % P(S8-co-mMeS2).

lative intensity of 1080 cm™ did not change signifi-
cantly compared to that of 1108 cm™ for the blends
of PVME with p-methylstyrene containing copoly-
mer. However, the ratio of the initensity of the
doublet bands decreased remarkably as the PYME
concentration increased in the blends of PVME
with  m-methylstyrene copolymer.
Taking account the Hsu’s criterion into considera-
tion that the intensity of 1080 cm™ band is greater
than that of 1108 cm™ for miscible blends and that
the reverse corresponds to immiscible blends, the
FTIR results for the P(S8-co-mMe2)/PVME
blends imply that the miscibility became weak as

containing
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the 20 wt.% of m-methylstyrene is included in the
copolymer. Similar results were obtained in the
case of the P(89-co-mMeS1)/PVME blends.
From the figures mentioned above, it is evident
that the FTIR spectral features are sensitive to the
miscibility of blends of PVME with styrene/sty-
rene derivative copolymers, as shown in the sys-
tem of Hsu et al. The different FTIR spectra sug-
gest that the miscibility of P(S-co-mMeS) with
PVME would be much poorer than that of P(S-co-
pMeS) with PVYME, when the composition of sty-
rene derivative is the same. The fact implies that
the miscibility of the blends is considerably affec-
ted in a certain manner by the chemical nature of
the styrene derivative in the copolymers. At this
moment, m-methylstyrene unit in the copolymers
shows stronger influence on the miscibility with
PVME than p-methylstyrene one in the copoly-
mers when the copolymers of those styrene deri-
vatives and styrene are blended with PVME. The
speculation is well proved when the relative inten-
sities of the doublet of 1100 cm™ region for the
blends of PVME and any of the copolymers are

ml
pl

m]

Absorbance

mi

compared, as shown in Figs. 7 and 8.

Fig. 7 illustrates the comparison in the relative
intensity of the doublet of 1100 cm™ region for the
blends of PVME and one of the P(S9-co-mMeS1)
and P(89-co-pMeS1). In this figure, the copolymer
concentration in the blends are 30, 50 and 70 wt.
%. The figures show clearly that the intensity at
1108 cm™ component relative to that of 1080 em’!
one is larger in case of P(89-co-mMeS1)/PVME
blends than in P(89-co-mMeS1)/PVME blends re-
gardless of the copolymer(or PVME) concentra-
tions. Comparison of the figures also shows that
the relative intensity of 1108 cm™ component inc-
reased as the copolymer concentration is decrea-
sed(PVME concentration is increased) regardless
of the copolymer types.

The similar trend in FTIR results was observed
for the blends of PVME with copolymers of sty-
rene and styrene derivative of 80/20 compoisition
by weight in feed ratio, as shown in Fig. 8. Fig. 8
shows the relative intensity of the doublet of 1100
cm’! region for the blends of PVME and one of
the P(S8-co-mMeS2) and P(S8-co-pMeS2). Accor-

1150 1100 1050 1150

C

m1
pl pl

m1

ml
pl
S . 1 L
1100 1050 1150 1100 1050

Wavenumber(cm™)

Fig. 7. Relative Intensity of the doublet of the 1100 cm™ region for PVME and one of the P(S9-co-pMeS1) (p1)
and P(S9-co-mMeS1)(m1). Copolymer wt. % in blends (A) 303 (B) 50: (C) 70.

E2|H A163@ #A55 19924 9¢¥

559



Chang Sik Ha, Jin Ho Ryou, and Won Jei Cho

p2

m2

m2

Absorbance

1l 1

p2 / 2

m2

m2

m2

L 1 ) -

1150 1100 1050 1150

1100

1050 1150 1100 1050

Wavenumber(cm™)
Fig. 8. Relative Intensity of the doublet of the 1100 cm™ region for the blends of PVME and one of the P(S8-
co-pMeS2)(p2) and P(S8-co-mMeS2)(m2). Copolymer wt. % in blends (A) 303 (B) 50 : (C) 70.

ding to the Hsu’s criterion, the miscibility decrea-
sed with increasing PVME concentrations while
the miscibility of the copolymers with PVME be-
come weaker in case of P(S8-co-mMeS2) than in
P(S8-co-pMeS2).

We tested the specific absorptions in PS in or-
der to find the potential sensitivity to miscibility
of the styrene/styrene derivative copolymer/
PVME blends. Hsu et al® also insisted that the
band assigned to the CH out-of-plane bending vib-
ration around 700 cm™! is also sensitive to the mis-
cibility of PS/PYME blends. However, we were not
able to obtain any significant informations from the
700 cm™ component for all the blends tested in
this study.

Fluorescence Spectra

It is now recognized that the observed miscibi-
lity is strongly dependent upon the technique
used ; a polymer blend may be miscible using one
particular method while be immiscible using ano-
ther sensitive method, simply due to the fact that
the size of the phases is below the resolution limit
of the first technique.??
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Fluorescence spectroscopy is one of the new and
more sensitive techniques in using the miscibility
study of polymer blends. It exhibits a high sensiti-
vity to detect small-scale heterogeneities and has
the ability to analyze small concentrations of one
component.?~%" Although the application of this
technique is restricted to the systems such as aro-
matic vinyl homo- and copolymers or aromatic
polyester, it has been proved by many investiga-
tors that excimer fluorescence may provide detai-
led molecular information on intermolecular agg-
regation phenomena associated with phase separa-
tion in immiscible blends.® In our previous work,
11 we reported that the excimer fluoresence tech-
nique was successfully appliable to determine the
miscibility behavior of poly(vinyl methyl ether)
(PVME) with poly(styrene-co-1-vinylnaphthalene)
or poly(styrene-co-2-vinylnaphthalene).

In Fig. 9, the emission intensity ratio of excimer
to monomer, Ip/ly;, measured at their maximum
emission wavelength is plotted as a function of co-
polymers weight for the blends containing PVME
and one of the PS, P(S8-co-pMeS2), and P(S8-co-

Polymer (Korea) Vol. 16, No. 5, September 1992
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Wt.% of copolymers
Fig. 9. Ratio of excimer to monomer fluorescence in-
tensities of blends containing PVME and one of the
PS(@), P(S8-co-pMeS2) (M) and P(S8-co-mMeS2)
(A).

mMeS2). In these plots, smooth curves have been
drawn through the data and the Iy/Iy; values were
given in the order of P(S8-co-mMeS2)>P(S8-co-
pMeS2) >PS regardless of the PVME concentra-
tions. The ratio of excimer to monomer intensity,
Ip/Iy, at given casting amd measuring temperatu-
res should be a qualitative measure of interaction.
The smaller I/l ratio corresponds to larger inte-
raction. The result was in accordance with the FT-
IR spectra, which exhibits that the miscibility of
the copolymers with PVYME became weaker in the
order  PS>P(S8-co-pMeS2) >P(S8-co-mMeS2).
However, the effect of comonomer composition on
the fluoresence spectra was not clearly shown.

CONCLUDING REMARKS

FTIR spectroscopic studies were carried out on
the miscibility of copolymers of styrene and p- or
m-methylstyrene with PVME. The miscibility of
the styrene/styrene derivative copolymers and
PVME was discussed in terms of the “Hsu’s crite-
rion” to determine the miscibility of the blends.
The doublet band around 1100 cm” associated

E2|0{ A16A Al53 1992'd 9

with COCH; in PVME on FTIR spectra is used as
a potentially useful means of defining miscibility of
the blends. We observed that the miscibility of the
copolymers of styrene and p-metylstyrene showed
better with PVME than with copolymers of styrene
and m-methylstyrene, although the introduction of
styrene derivatives decreased the miscibility of
polystyrene with PVME. The miscibility of the co-
polymers of styrene and styrene derivative with
PVME decreased with increasing compositions of
styrene derivatives in copolymers and increasing
PVME concentration.

This behavior was confirmed by fluorescensce
spectra as well as their phase diagrams by light
scattering.
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