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ABSTRACT: Several types of poly(methyl methacrylate)/
poly(dimethyl siloxane) graft copolymers (PMMA-g-PDMS)
were synthesized using macromonomer technology. Three
types of PMMA-g-PDMS with different PDMS chain length
were obtained. The effect of siloxane chain length on surface
segregation of PMMA-g-PDMS/poly(2-ethylhexyl acrylate-

co-acrylic acid-co-vinyl acetate)[P(2EHA-AA-VAc)] blends
was investigated. The blends of PMMA-g-PDMS with
P(2EHA-AA-VAc) showed surface segregations of PDMS
components. The surface enrichments of PDMS in the blends
depended on the PDMS chain length, significantly. © 2002
Wiley Periodicals, Inc. J Appl Polym Sci 86: 1736–1740, 2002

INTRODUCTION

The surface segregation behavior of block or graft
copolymers is very important in fields of adhesive,
coating, lubricants, and surface modification.1–5 The
surface segregations of copolymers or their blends are
derived by the components with low-surface tension,
such as Si-containing or F-containing copolymers. Be-
cause polysiloxanes and their copolymers especially
have very interesting properties such as elastomeric
behavior, good thermal, UV, oxidative stabilities,
good weatherability, and so on, they should be useful
materials to enhance surface segregation.

In our previous studies,7–11 surface segregation and
gradient domain structure of poly(2-ethylhexyl acry-
late-co-acrylic acid-co-vinyl acetate) [P(2EHA-AA-
VAc)]/poly(vinylidene fluoride-co-hexafluoro ace-
tone) [P(VDF-HFA)] blends were investigated. It was
found that the P(VDF-HFA) component enriched the
surface and the P(2EHA-AA-VAc) component precip-
itated on the bottom (contact with substrate: poly-
(dimethylsiloxane)-coated paper) by using SEM, ATR-
FTIR, XPS, etc.

Because surface tension of poly(dimethylsiloxane) is
comparable with that of fluoro-polymers, such as
P(VDF-HFA), blends of PDMS-containing copolymers
with P(2EHA-AA-VAc) should indicate surface en-
richment.

In this study, we prepared several types of poly(m-
ethyl methacrylate)/poly(dimethyl siloxane) graft co-
polymers.12–15 Then we studied surface segregation of
poly(methyl methacrylate)/poly(dimethyl siloxane)
graft copolymers/P(2EHA-AA-VAc) blends.

EXPERIMENTAL

Synthesis of 3-methacryloyloxypropyl
polydimethylsiloxane (PDMS-MA)
macromonomers

The PDMS-MA macromonomers were prepared by
the anionic polymerization of hexamethylcyclotrisi-
loxane (D3) using n-BuLi as an initiator in a nitrogen
atmosphere. D3 was dissolved in THF and then n-
BuLi (1.6 N in hexane) was slowly added with stirring
over a period 30 min. After all D3 was converted, then
triethylamine and 3-methacryloyloxypropyldimeth-
ylchlorosilane (MA-Si-Cl) were added slowly. After 45
min mixing at room temperature, methanol was
added and mixed 45 min. THF was removed under
vacuum and the LiCl precipitate was removed by
filtration. The PDMS-MA macromonomer was then
purified by reprecipitation from THF into methanol/
water mixture. Three types of PDMS-MA macromono-
mer, having different siloxane lengths, were prepared
(Scheme 1).

Synthesis of poly(methyl
methacrylate)/poly(dimethyl siloxane) graft
copolymers (PMMA-g-PDMS)

Free radical polymerization and copolymerization of
the methyl methacrylate were conducted in toluene at
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60°C using azo-isobutytonitrile as the initiator. Tolu-
ene was placed in a three- or four-neck flask in nitro-
gen atmosphere and heated to 60°C. Then the mixture
of PDMS-MA-01 macromonomer, MMA(methyl
methacrylate), and AIBN was added slowly. After 6 h
mixing at 60°C, the reactants were precipitated into
methanol. A solid sample was obtained after drying.
Three types of PMMA-g-PDMS polymers were pre-
pared using MS-MA macromonomer (Scheme 2).

Preparation of poly(2-ethylhexyl acrylate-co-acrylic
acid-co-vinyl acetate [P (2EHA-AA-VAc)]

Poly(2-ethylhexyl acrylate-co-acrylic acid-co-vinyl ace-
tate [P(2EHA-AA-VAc)] was prepared by means of
solution polymerization at 70°C for 7 h, using benzoyl
peroxide as an initiator and mixtures of ethyl acetate
(95%) with toluene (5%) as a solvent.

DSC (differential scanning calorimeter)
measurements

To evaluate the miscibility between components, the
glass transition temperature (Tg) of P(2EHA-AA-
VAc)/PMMA-g-PDMS blends were determined using
a 910 DSC with DuPont 990 system at a heating rate of
10°C/min under nitrogen gas.

ATR-FTIR

The ATR-FTIR measurements for surface of film spec-
imens were carried out using a Nicolet 20SXB-FTIR
with a prism of KRS-5 and two incidence angles of 45
and 90°.

RESULT AND DISCUSSION

Characterization of PMMA-g-PDMS

The 1H-NMR spectrum and GPC results of PMMA-g-
PDMS-02 are shown in Figure 1. In addition, the char-
acteristic data obtained by GPC and 1H-NMR for graft
copolymers are shown in Table I. Because PMMA-g-
PDMS-01 and -02 have relatively narrow molecular
weight distribution (MWD) and reasonable integra-
tion ration of SiOCH3 to H, syntheses of these poly-
mers have been successfully performed. However, the
PMMA-g-PDMS-03 had relatively wide (MWD).
Therefore, only PMMA-g-PDMS-01 and -02 were used
in the following sections. Table II shows molecular
characteristics of PMMS-g-PDMS and P(2EHA-AA-
VAc) used in this study.

Miscibility and surface enrichment of P(2EHA-AA-
VAc)/PMMA-g-PDMS blend films

Blend films were prepared by solution casting. Mix-
tures of PMMA-g-PDMS and P(2EHA-AA-VAc) were

Scheme 1

Scheme 2

Figure 1 1H-NMR and GPC chart of PMMA-g-PDMS-02.
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dissolved in THF at 5% concentration. The solution
was cast on the release liner[polydimethylsiloxane
(PDMS), having a critical surface tension of wetting, �c

�24 dyn/cm, is coated onto the liner]. The solution
was allowed to stand for almost 2 days. The blend
films were further dried at room temperature and
reduced pressure for more than 1 day.

DSC thermograms for P(2EHA-AA-VAc)/PMMA-
g-PDMS-02 blends films are shown at Figure 2. The
blends films show two Tgs at �70 and 120°C, which
correspond to Tgs of P(2EHA-AA-VAc) and PMMA,
respectively. Similar results were obtained for
P(2EHA-AA-VAc)/PMMA-g-PDMS-01 blends. There-
fore, the P(2EHA-AA-VAc)/ PMMA-g-PDMS blends
are immiscible. For these immiscible P(2EHA-AA-
VAc)/PMMA-g-PDMS blends, ATR-FTIR measure-
ments were performed to evaluate surface enrichment
of PDMS.

Figure 3 shows ATR-FTIR spectra of the surface of
P(2EHA-AA-VAc)/PMMA-g-PDMS-01 (50/50) and
(30/70) blends, coated onto the release liner. When
PDMS exists at surface of the films, the spectra show
characteristic doublet between 1100 and 1200 cm�1

attributed to absorbance of SiOOOSi. However,

P(2EHA-AA-VAc)/ PMMA-g-PDMS-01 (50/50) blend
does not show any siloxane peak. In addition, the
P(2EHA-AA-VAc)/PMMA-g-PDMS-01 (30/70) blend
shows very weak doublet between 1100 and 1200
cm�1. Therefore, the PDMS component might be dis-
persed homogeneously in the blend films because the
content and chain length of PDMS are not enough to
cause segregating at the surface of the blend films.

Figure 4 shows ATR-FTIR spectra of P(2EHA-AA-
VAc)/PMMA-g-PDMS-02 (50/50 and 30/70) blends
coated onto the release liner. In these blends, the dou-
blet between 1100 and 1200 cm�1, which is attributed
to SiOOOSi, is clearly observed. Because the amount
of SiOOOSi bonds is much less than that of CAO
bonds, it is considered that intensity of the doublet of
SiOOOSi should be much weaker than that of car-
bonyl stretching band at around 1700 cm�1 as shown
in Figure 3 when PDMS is homogeneously dispersed
in the films. However, as shown in Figure 4, the in-
tensity of the doublet of SiOOOSi is almost same as
carbonyl stretching band at 1700 cm�1.

It is considered that the fraction of PDMS at the
surface is higher than that predetermined by the blend
composition in P(2EHA-AA-VAc)/PMMA-g-PDMS-02

TABLE I
Characteristics of Poly(methyl methacrylate)/Poly(dimethyl siloxane) Graft Copolymers

Integration ratio from
1H-NMR Molecular weight

Ha Si—CH3 Mn Mw Mw/Mn

PMMA-g-PDMS-01 1.00 1.96 7000 13,000 1.8
PMMA-g-PDMS-02 1.00 6.17 26,700 37,500 1.4
PMMA-g-PDMS-03 1.00 7.84 15,200 52,100 3.4

a Molecular weight equivalent to that of polystyrene by GPC.

TABLE II
Composition and Structure of PMMA-g-PDMS and P(2EHA-AA-VAc)

2-ethylhexyl acrylate/acrylic acid/vinyl acetate)[P(2EHA-AA-VAc)]
P(2EHA-AA-VAc) [a/b/c � 80/5/15(mol %)]; Mn � 50,600, Mw � 274,000

Poly(methyl methacrylate)/Poly(dimethyl siloxane) Graft Copolymers
PMMA-g-PDMS-01 (x � 25)(a/b � 50/50); Mn � 7000, Mw � 13,000, Mw/Mn � 1.8
PMMA-g-PDMS-02 (x � 50)(a/b�50/50); Mn � 26,700, Mw � 37,500, Mw/Mn � 1.4

1738 LEE, AKIBA, AND AKIYAMA



blends. Depending on siloxane chain length in graft
copolymer, different phase segregation behavior is
observed. Inoue at al.2 reported that the polysiloxane
segments of polydimethylsiloxane–poly(methyl methac-
rylate) block copolymer and their PMMA blends ac-
cumulated on the air-side surfaces of the solution-cast
film and surface segregation was significantly affected
by siloxane chain length in block copolymers. Gore-
lova at al.6 reported that the surface segregation of
siloxane in blends of poly(methyl methacrylate)/poly-
(dimethyl siloxane) graft copolymers in poly(vinyl
chloride) was influenced by the siloxane chain length.
A similar result was reported by McGrath.17,18 It was
noticed that the siloxane surface segregation substan-
tially depended on the block length of siloxane. These

results supported the fact that surface segregation of
PMMA-g-PDMS took place in the P(2EHA-AA-VAc)/
PMMA-g-PDMS blends, and was significantly influ-
enced by the siloxane chain length in graft polymers.

It is considered that composition of the PDMS varies
with changing position in the blend film. Hence, it is
expected that the ATR-FTIR spectra would vary when
changing the incident angle of light source because the
depth (dp) in ATR-FTIR measurement is calculated
as16

dp � �/2� � A(sin2 � � �2
BA)0.5,

where � is the incidence angle, � is the circular con-
stant, � is infrared ray absorption wavelength, and �A
is the refractive index of prim, and �BA is the refractive
index of �A/�B (�B, refractive index of sample). �A of
KRS-5 is around 2.37 and � is 1300 cm�1. In this study,
the depth (dp) for P(2EHA-AA-VAc)/PMMA-g-PDMS
was supposed to be 2.4 xmm at incident angle 45° and
1.0 �m at incident angle 90°.

CONCLUSION

Several types of poly(methyl methacrylate)/poly(di-
methyl siloxane) graft copolymers were synthesized
using macromonomer technology. The effect of silox-
ane chain length on surface segregation of poly
(methyl methacrylate)/poly(dimethyl siloxane) graft
copolymers(PMMA-g-PDMS)/poly(2-ethylhexyl acry-
late-co-acrylic acid-co-vinyl acetate) [P(2EHA-AA-
VAc)] blends was investigated by ATR-FTIR. Surface

Figure 2 DSC Thermogram of (a) P(2EHA-AA-VAc), (b)
P(EHA-AA-VAc)/PMMA-g-PDMS-02 � 50/50, (c) PMMA-
g-PDMS-02.

Figure 3 ATR-FTIR spectra for P(2EHA-AA-VAc)/PMMA-g-PDMS-01 (incidence angle 45°, compositional change). (a)
P(2EHA-AA-VAc)/PMMA-g-PDMS-01 � 50/50, (b) P(2EHA-AA-VAc)/PMMA-g-PDMS-01 � 30/70.
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segregation was observed and significantly influenced
by the siloxane chain length in graft copolymer. At the
same blend compositions, surface segregation was sig-
nificantly influenced by siloxane chain length and si-
loxane concentration at the surface of blends was in-
creased as siloxane chain length was increased.
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