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Blends of poly(hydroxypropyl methacrylate) with 4-vinyl-co-N-vinyl-
-2-pyrrolidone and with vinyltrimethylsilane-co-N-vinyl-2-pyrrolidone
copolymers. The effect of copolymer composition on interpolymer

compatibility

Summary — Glass transition temperatures (Figs. 1, 3), DSC and TGA ther-
mograms (Figs. 2, 4), and Fourier transform infrared (FTIR) spectra (Fig. 5)
showed the binary blends (Table 1) of poly(2-hydroxypropyl methacrylate)
(PHPMA) with 4-vinylpyridine-co-N-vinyl-2-pyrrolidone (4-VPy-co-VP) to
be compatible over the whole range of compositions. The blends of
PHPMA with vinyltrimethylsilane-co-N-vinyl-2-pyrrolidone (VTMS-co-VP)
were found to be compatible up to VIMS contents of ~ 25 wt. %. The for-
mer blends (Figs. 1, 2) are believed to be compatible on account of H-bon-
ding of PHPMA'’s OH with the 4VPy and VP units of 4VPy-co-VP. In the
latter blends, up to 25.7% of VITMS, H-bonds between PHPMA’s OH
groups and VP units suffice to provide compatibility, but at >25.7 wt. %
VTMS, hydrophobic interactions of the VTMS moieties prevail and phase
separation occurs.

Key words: polymer—copolymer blends, interpolymer compatibility, phase
separation, poly(2-hydroxypropyl methacrylate), 4-vinylpyridine-co-N-vi-
nyl-2-pyrrolidone and vinyltrimethylsilane-co-N-vinyl-2-pyrrolidone copoly-

mers.

Mixing of two materials to get a balance of properties
hardly available in any of them individually has been
successfully exploited, ¢.g., by chemical combination of
different monomers to yield random, block or graft co-
polymers and by chemical modification of classical
polymers. At present, this subject is important in the
academic and industrial research dealing with this kind
of materials [1].

Most hydrocarbon polymers do not mix, i.c., they form
parts of inmiscible polymer blends. This is a consequence
of a negligibly low combinatorial entropy and of a posi-
tive enthalpy term, because the only intermolecular for-
ces acting in the system are London dispersion or van
der Waals forces. In order to obtain compatible polymer
blends, attractive forces are required to occur between
dissimilar and potentially interacting segments [2]. Thus,
it is possible to promote different kind of interactions like
dipole-dipole, acid-base, charge transference, ctc. These
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interactions can be promoted by the structurally dissimi-
lar units incorporated in the polymer functionalization
process. Homopolymerization (or copolymerization) of
functionalized monomers [3—6] or modification of
previously synthesized polymers [7] are two ways to ob-
tain functionalized polymers or copolymers.

The study on the compatibilization of copolymeric
materials is, therefore, of special interest. In this kind of
materials, the monomer units differing in chemical na-
ture, should influence directly the polymer miscibility.
Copolymers containing vinylsilicon moieties [8] and
N-vinyl-2-pyrrolidone (VP) along with aromatic como-
nomers have been previously reported [9]. The effect of
the comonomer structure and the composition seems to
play an important role in the thermodynamic and con-
formational behavior of these kinds of macromolecules.
The combination of N-vinyl-2-pyrrolidone with aroma-
tic comonomers like 2-vinylpyridine (2VPy) or 4-vinyl-
pyridine (4VPy) and vinyltrimethylsilane (VTMS)
through a copolymerization process is a way to obtain
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amphiphilic copolymers. Such copolymers should be
able to interact with polar and non polar systems de-
pending on the composition.
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The aim of this work is to study the effect of copoly-
mer composition on the blending process of functionali-
zed copolymers. In order to reach this objective, copoly-
mers of 4VPy with VP (4VPy-co-VP) and of VIMS with
VP (VIMS-co-VP) previously synthesized and characteri-
zed [3, 4] were blended with poly(2-hydroxypropyl met-
hacrylate) (PHPMA). The effect of the specific interac-
tions on miscibility was studied by differential scanning
calorimetry (DSC), thermogravimetric analysis (TGA)
and Fourier transform infrared spectroscopy (FTIR).

EXPERIMENTAL

Preparation of monomers and polymers

Aldrich’s PHPMA, weight-average molecular weight
M, = 30 000, was used. Copolymers 4VPy-co-VP and
VTMS-co-VP were obtained in the bulk at 323 K by
using 2,2’-azobisisobutyronitrile (AIBN) as previously
reported [3, 4]. The copolymers were characterized by
'H-NMR and FTIR spectra [3, 4]. Copolymer composi-

tion was determined by elemental analysis of
VIMS-co-VP and by UV-VIS spectroscopy of
4VPy-co-VP.

TGA measurements

Dynamic thermogravimetric measurements were per-
formed by using a Mettler TA-3000 calorimetric system,
equipped with a TC-10A processor and a TG-50 thermo-
balance with a Mettler MT5 microbalance. Samples
were heated in AL,O; pans. Measurements were carried

out between 308 and 1073 K at 20° - min™ under N,. The
thermogravimetric data were processed by the Mettler
821 calorimetric system using the STAR® program.

Preparation of blends

Blends of different compositions were prepared by
solution casting using ethanol as solvent and then
evaporated at room temperature and vacuum dried at
298 K for 120 h. The polymer concentration in the solu-
tion was about 2% w/w.

DSC measurements

The glass transition temperatures (T;) of the pure
polymers, copolymers and blends were measured with
a Mettler TA-3000 system equipped with a TC-10A pro-
cessor with a DSC-20 cell. Polymer samples were dried
under reduced pressure in a vacuum oven prior to the
measurements. Dry nitrogen was used as a purge gas
and thermograms were measured within the range 308
to 523 K at a scan rate of 20° - min™.

FTIR spectra

Infrared spectra of pure polymers and blends were
recorded on a Vector 22 Bruker Fourier transform infra-
red spectrophotometer. Spectra were recorded with a re-
solution of 1 cm™. Samples were prepared directly in
KBr pellets.

RESULTS AND DISCUSSION

Table 1 lists the compositions of 4VPy-co-VP and
VTMS-co-VP copolymers [3, 4]. The T, values of the co-
polymers at different compositions and the intrinsic vi-
scosities [n] in ethyl alcohol as an approximate estima-
tion of the molecular weights of the samples are also
summarized in Table 1.

Table 1. Copolymer compositions, glass transition temperatu-
res (T,} and intrinsic viscosity in ethyl alcohol for 4VPy-co-VP and
VIMS-co-VP

Copolymer
Copolymer composition T, 'C [nl.dL.g"
4VPy, mol %
I 38.8 1779 0.17
11 69.6 0.26
111 73.2 150.2 0.40
v 84.5 0.40
\% 92.6 1537 045
VTMS, mol %
VI 19.3 166.9 0.94
VII 23.3 1658 0.50
VIII 25.7 165.6 0.36
IX 282 1615 0.33
X 347 153.6 0.21
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The DSC thermograms of dried blends of PHPMA
with 4VPy-co-VP of various compositions (I, III and V,
Table 1), exhibited distinct single glass transition tempe-
ratures (T,), indicative of a one-phase material. It is well
known that a single T, value for a binary polymer blend
reflects miscibility and the blend can be considered to
be a single-phase material [10—12]. In Fig. 1, the T-data
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Fig. 1. Glass transition temperatures T, for blends conta-
ining PHPMA and 4VPy-co-VP (I) (O) 4V Py-co-VP (1)
(1) and 4VPy-co-VP (V) (&) in relation to blend composi-
tion

are presented in relation to the composition of the
blend. The T,-values of the blends are intermediate be-
tween those of the pure components. They are lower
than those of the corresponding 4VPy-co-VP copolymer
but higher than that of pure PHPMA. This result indica-
tes the miscibility over the whole range of composi-
tions, irrespective of the 4VPy-co-VP composition. This
behavior can be attributed to the presence of hydrogen
bonding interactions. The hydroxyl group of PHPMA is
able to interact with both the 4VPy and the VP units of
4VPy-co-VP, and these interactions responsible for the
occurrence of only one Tg-value.

Figure 2a shows the representative thermogravimetric
profiles for a (50:50 w/w) blend of 4VPy-co-VP with
PHPMA and for the corresponding pure components.
Intermediate thermogravimetric profiles of the blends
between those of the corresponding pure components
have been reported as evidence for polymer—polymer
miscibility [13]. Figure 2b presents the first derivative of
weight loss (dm/dT) with respect to temperature. This
allows to observe the position of the maximum more
conveniently. The thermogravimetric data can be consi-
dered to be another evidence indicating miscibility.

Figure 3 shows the variation of T, with blend compo-
sition in the VIMS-co-VP/PHPMA system. In this case,
the copolymer composition is seen to affect the compati-
bility. Up to 25.7 mol % of VITMS (VI and VIII, Table 1),
no phase separation is observed (squares and rhombs in
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Fig. 2. Thermogravimetric profiles and (b) the first deriva-
tive of weight loss dm/dT with respect to temperature for
(50:50 w/w) 4VPy-co-VP (III)/PHPMA blend and for pure
components: III 100% (), HI/PHPMA 50/50% (),
PHPMA 100% (&)
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Fig. 3. Glass transition temperatures T, for blends conta-
ining  PHPMA and (a) VTMS-co- VP (VD) (2), (b)
VTMS-co-VP (VIII) () and (c) VTMS-co-VP (X) ()

Fig. 3). The VP present in the copolymer is seen to pro-
mote the interpolymer miscibility vin possible specific
interactions such as hydrogen bonding between the hy-
droxyl group of PHPMA and VP. At higher VTMS con-
tents (X, Table 1), phase separation takes place (triangles
in Fig. 3) in the blends containing up to 50% of
VTMS-co-VP. One phase system results when the VP
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content in the copolymer is increased, presumably on
account of interactions of VP units with PHPMA.
The DSC results obtained for the VTMS-co-VP
/PHPMA blends are confirmed by TGA measurements.
Figures 4a, b show the thermogravimetric profiles of the
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Fig. 4. Thermogravimetric profiles for: (a) VTMS-co-VP
(VI)/PHPMA blends: 100% VI (:°), VI 50%/PHPMA 50%
(0), PHPMA 100% (&); (b) VTMS-co-VP (X)/PHPMA
blends; X 100% (), X 40%/PHPMA 60% (O), PHPMA
100% (&)

blends and the corresponding pure components. In the
first case, a (50:50 w/w) VTIMS-co-VP (VI)/PHPMA
blend shows only one T, (squares and rhombus in Fig. 3)
and presents a behavior similar to that of compatible
polymer blends of 4VPy-co-VP/PHPMA (Fig. 2a). In the
second case, a (40:60 w/w) VIMS-co-VP (X)/PHPMA
blend, with one or two T, depending on the blend com-
position (triangles in Fig. 3), exhibits no clear intermedia-
te thermogravimetric profile between the corresponding
pure components.

IR spectroscopy can be used to detect and identify the
molecular interactions both in pure polymers, by asso-
ciation of similar molecules, and in blends due to the
association of different species [1, 13—17]. The variation
of the band corresponding to a chemical group toward
lower frequencies and an increase in its width are consi-

dered to be the evidence for specific interactions [1].
FTIR spectra of the VIMS-co-VP/PHPMA blends allow
to distinguish the carbonyl groups of VP and PHPMA.
By this way it is possible to follow the variation of one
carbonyl group or both. Figure 5 shows the wavenum-
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Fig. 5. Wavenumber corresponding to >C=0 group of the
copolymer in the blends of PHPMA with: VTMS-co-VP
[VI] (&), VTMS-co-VP [VIII] (1), VTMS-co-VP [X] () in
relation to blend composition

ber corresponding to >C=0 group in the copolymer
VTMS-co-VP in the blends with PHPMA in relation to
composition. For the VIMS-co-VP (VI)/PHPMA and
VIMS-co-VP (VIII)/PHPMA blends, which produce
only one T, over the whole range of blend composi-
tions, the wavenumber is seen to decrease. This result
indicates to interactions like hydrogen bonding forma-
tion take place between the polymers and therefore
compatibility occurs. The VTMS-co-VP (X)/PHPMA
blend, shows as variation in the >C=0 wavenumber.
This VIMS-co-VP contains the highest content of the
VTMS units (~ 35 mol %), which are not able to interact
with the PHPMA chains carrying carbonyl groups. For
this reason, the band corresponding to carbonyl stre-
tching remains aimost unchanged.

CONCLUSIONS

Miscibility within the whole range of compositions is
observed in 4VPy-co-VP/PHPMA blends considering
the existence of single glass transition temperature. In
this case, the presence of specific interactions like hy-
drogen bonding between the copolymer, like acceptor
polymer, and PHPMA, like donor polymer should be
the responsible for this behavior. 4VPy-co-VP has two
kinds of monomer units able to interact with PHPMA.
For this reason, no phase separation is observed, irre-
spective of blend composition.

In VIMS-co-VP, the presence of hydrophobic VTMS
units gives rise to phase separation in the
VTMS-co-VP/PHPMA blend at low copolymer contents
above a certain critical value of copolymer composition.
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