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Differential scanning calorimetry and one- and two-dimensional Fourier transform infrared (FTIR)
spectroscopies have been used to investigate the miscibility of and specific interactions between
poly(styrene-co-vinyl phenol) (PSOH) and poly(vinyl phenyl ketone) (PVPK) upon varying the vinyl
phenol content of the PSOH copolymer. The FTIR spectra revealed that the phenol units of PVPh interact
strongly with the C]O groups of PVPK through intermolecular hydrogen bonding, and more weakly with
the aromatic rings of PVPK through intermolecular p–p interactions. A miscibility window exists when
the vinyl phenol fraction in the copolymer is greater than 20 mol% in the PSOH/PVPK blend system, as
predicted using the Painter–Coleman association model.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

One approach toward preparing new materials exhibiting
tunable properties is the blending of two or more polymers [1].
Unfortunately, most polymer blends are immiscible because of their
high degrees of polymerization; as a result, the entropic term
becomes vanishingly small and the miscibility becomes increasingly
dependent on the contribution of the enthalpic term. To enhance the
formation of a miscible one-phase system in polymer blends, it is
necessary to ensure that favorable specific intermolecular interac-
tions exist between two base components of the blend. Many
attempts have been made to decrease the interfacial energy and
reduce the propensity for polymer blends to undergo phase sepa-
ration, including the use of compatibilizers such as block and graft
copolymers. Another approach involves introducing functional
groups to connect individual polymer main chains together non-
covalently. Ideally, one polymer chain would possess donor sites and
the other acceptor sites for hydrogen bonding, dipole–dipole, and/or
p–p interactions [2–7]. The miscibility of an immiscible blend can be
enhanced by introducing a functional group to one component to
enable the formation of intermolecular interactions with another [8].

In previous studies [9,10] of the roles of intermolecular associ-
ation in miscibility enhancement, we found that the incorporation
of a small number of hydrogen bond acceptors or donors into
a polystyrene chain renders the modified polymer miscible with
phenolic resin (a well-known hydrogen bonding donor) [9] or
poly(3-caprolactone) (a well-known hydrogen bonding acceptor)
9.

All rights reserved.
[10], respectively. In addition to hydrogen bonding, p–p interac-
tions also play an important role in enhancing the polymer misci-
bility in classic systems such as the PPO/PS blend.

The aim of this study was to extend the specific interactions
within polymer blend systems to include both hydrogen bonding
and p–p interactions. Poly(vinyl phenyl ketone) (PVPK) is an
amorphous material that is used as a component of clear and pig-
mented lacquers. Unlike poly(methyl methacrylate) (PMMA) [11],
PVPK possesses both acceptor groups (C]O) for hydrogen bonding
and aromatic rings for p–p interactions with poly(vinyl phenol)
(PVPh). Generalized two-dimensional (2D) correlation spectros-
copy has recently been applied widely in polymer science [12–15].
This novel method allows the specific interactions between poly-
mer chains to be investigated by treating the spectral fluctuations as
a function of time, temperature, pressure, and composition. 2D-IR
correlation spectroscopy can identify different intra- and intermo-
lecular interactions through the analysis of selected bands from the
1D vibration spectrum. The aims of this study were (1) to investi-
gate blends of PVPK and the PS-co-PVPh copolymer, (2) to use 1D
and 2D Fourier transform infrared (FTIR) spectroscopy to provide
evidence for specific intermolecular association, and (3) to use the
Painter–Coleman association model (PCAM) to predict whether
a miscibility window exists for PVPK/PS-co-PVPh blends [16].
2. Experimental

2.1. Materials

PVPK (weight-average molecular weight: ca. 5900 g/mol) was
obtained from Scientific Polymer Products. It is difficult to

mailto:kuosw@faculty.nsysu.edu.tw
www.sciencedirect.com/science/journal/00323861
http://www.elsevier.com/locate/polymer


0.0 0.2 0.4 0.6 0.8 1.0

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

y = -1.987+2.786x R=0.986
rPtBOS=0.80 rps=1.02

Fig. 1. Kelen–Tudos plot for PS-co-PtBOS copolymers.
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synthesize poly(vinyl phenol) through direct polymerization of
vinyl phenol because of the occurrence of side reactions involving
the OH group during polymerization. As a result, the poly-
(styrene-co-vinyl phenol) copolymers were synthesized through
copolymerization of styrene and 4-tert-butoxystyrene. The mono-
mer reactivity ratios [r1 (styrene)¼ 1.02; r2 (4-tert-butoxy-
styrene)¼ 0.80] were determined (Fig. 1) using the methodology of
Kelen and Tudos [17,18]; several copolymers containing various
contents of 4-tert-butoxystyrene were obtained [19]. The solution
copolymerization of styrene with 4-tert-butoxystyrene in benzene
was performed at 70 �C under an argon atmosphere within glass
reaction flasks equipped with condensers. AIBN was employed as
the initiator; the mixtures were stirred for ca. 24 h. To determine
the reactivity ratios, samples of the copolymers were taken from
the reaction flasks during the early stages of copolymerization, i.e.,
when the degrees of conversion were low (4–9%). The copolymers
were purified through a process of repeated precipitation in
methanol/water (3:7, v/v) from THF solutions. The synthesized
poly(styrene-co-4-tert-butoxystyrene) (PS-co-PtBOS) was dissolved
in dioxane at a concentration of 10% (w/v). The solution was then
heated under reflux overnight in the presence of 37% HCl to remove
the tert-butoxy groups. Before vacuum drying, the poly(styrene-co-
vinyl phenol) (PS-co-PVPh or PSOH) was precipitated repeatedly
from THF solution into methanol/water and then purified through
Soxhlet extraction with water for 72 h to remove any residual HCl.
The copolymers were characterized using nuclear magnetic reso-
nance (NMR) and FTIR spectroscopy, differential scanning calo-
rimetry (DSC), and gel permeation chromatography (GPC). Table 1
lists the monomer feed ratios and resultant copolymer composi-
tions of the PSOH copolymers.
Table 1
Characteristics of the poly(styrene-co-vinyl phenol) samples

Copolymer Phenol ratio
(mol%)a

Abb. name Mn
b Mw/Mn

b Tg (�C) Td
c (�C)

PS 0 PS 8000 1.21 90 371
PVPh5-r-PS95 4.6 PSOH5 22,000 2.03 101 370
PVPh22-r-PS78 21.5 PSOH22 24,000 2.05 104 368
PVPh36-r-PS64 36.0 PSOH36 17,400 2.05 118 365
PVPh55-r-PS45 55.2 PSOH55 23,200 2.10 154 359
PVPh78-r-PS22 77.8 PSOH78 24,400 2.34 162 353
PVPh 100 PVPh 20,000 1.07 175 352

a Obtained from 1H NMR spectrum.
b Obtained through GPC analysis.
c The 5 wt% loss decomposition temperature.
2.2. Blend preparation

Blends of PSOH/PVPK were prepared through solution blending.
THF solutions containing 5 wt% of the polymer mixture were stir-
red for 6–8 h; the solvent was then left to evaporate slowly at room
temperature for 24 h. The blend films were then dried at 50 �C for 2
days.

2.3. Characterization

Molecular weights and molecular weight distributions were
determined at 35 �C through GPC using a Waters 510 HPLC equip-
ped with a 410 differential refractometer, a UV detector, and three
Ultrastyragel columns (100, 500, and 103 Å) connected in series;
THF was the eluent; the flow rate was 0.6 mL/min. The molecular
weight calibration curve was obtained using polystyrene standards.
1H and 13C NMR spectra were obtained using an INOVA 500
instrument; acetone-d6 was the solvent. The glass transition
temperatures (Tg) of the polymer blend films were determined
through DSC using a TA Q-20 instrument. The scan rate was 20 �C/
min within the temperature range 30–200 �C; the temperature was
then held at 200 �C for 3 min to ensure complete removal of
residual solvent. The Tg measurements were performed in the DSC
sample cell after the sample (5–10 mg) had been cooled rapidly to
�50 �C from the melt of the first scan. The glass transition
temperature was defined at the midpoint of the heat capacity
transition between the upper and lower points of deviation from
the extrapolated liquid and glass lines. FTIR spectra of the polymer
blend films were recorded using the conventional KBr disk method.
A THF solution containing the blend was cast onto a KBr disk and
dried under conditions similar to those used in the bulk prepara-
tion. The film used in this study was sufficiently thin to obey the
Beer–Lambert law. FTIR spectra were recorded using a Bruker
Tensor 27 FT-IR spectrophotometer; 32 scans were collected at
a spectral resolution 1 cm�1. Because polymers containing OH
groups are hygroscopic, pure nitrogen gas was used to purge the
spectrometer’s optical box to maintain the sample films’ dryness.
Generalized 2D correlation analysis was performed using the 2D
Shige software developed by Shigeaki Morita (Kwansei-Gakuin
University, Japan). In the 2D correlation maps, white-colored
regions are defined as positive correlation intensities; shaded
regions are defined as negative correlation intensities.

3. Results and discussion

3.1. Analyses of PVPh/PVPK blends

DSC analysis is one of the most convenient methods available to
determine the miscibility of polymer blends. Fig. 2 displays the DSC
thermograms of PVPh/PVPK blends of various compositions; each
of the PVPh/PVPK blends possesses a single glass transition
temperature, strongly suggesting that they are fully miscible blends
exhibiting a homogeneous amorphous phase. Over the years,
a number of equations have been offered to predict the variation of
the glass transition temperature of a miscible blend as a function of
composition. The most popular equation is the Kwei equation [20]:

Tg ¼
W1Tg1 þ kW2Tg2

W1 þ kW2
þ qW1W2 (1)

where W1 and W2 are the weight fractions of the components, Tg1

and Tg2 represent the corresponding glass transition temperatures,
and k and q are fitting constants. Fig. 3 presents a plot of the
dependence of the value of Tg on the composition of the miscible
PVPh/PVPK blends; values of k and q of 1 and �60 were obtained
from the non-linear least-squares ‘‘best fit.’’ The parameter q
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corresponds to the strength of hydrogen bonding in the blend,
reflecting a balance between the breaking of self-associative and
the forming of inter-associative hydrogen bonds. The negative
value of q indicates that intermolecular hydrogen bonding was
weaker than the intramolecular hydrogen bonding.

Fig. 4 displays partial FTIR spectra (from 1630 to 1720 cm�1)
recorded at 25 �C for various PVPh/PVPK blend compositions. The
C]O stretching frequency appears split into two bands at 1680 and
1660 cm�1, corresponding to free and the hydrogen-bonded C]O
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Fig. 3. Plots of Tg with respect to composition, based on (-) experimental data and (–)
the Kwei equation.
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Fig. 4. Partial room-temperature FTIR spectra (1630–1720 cm�1) of various PVPh/PVPK
blends.
groups, respectively. The fraction of hydrogen-bonded C]O groups
increased upon increasing the PVPh content. The bands were
readily decomposed into two Gaussian peaks to determine the
areas of the signals corresponding to the hydrogen-bonded
(1660 cm�1) and free (1680 cm�1) C]O groups. The relative frac-
tions of free and hydrogen-bonded C]O groups were calculated
using an absorptivity coefficient of 1.5, i.e., the ratio of the intensity
of the two bands [16]. Table 2 summarizes the spectral parameters
for the C]O bands, and reveals that fraction of hydrogen-bonded
C]O groups of PVPK increased upon increasing the PVPh content.

Fig. 5 displays partial FTIR spectra (OH stretching region; 2700–
4000 cm�1) of pure PVPh, pure PVPK, and various PVPh/PVPK
blends. The pure PVPh exhibits two bands in the OH stretching
region: a very broad band centered at 3350 cm�1, attributed to the
wide distribution of the hydrogen-bonded OH groups, and a nar-
rower shoulder band at 3525 cm�1, representing free OH groups.
The intensity of free OH absorption (3525 cm�1) decreased
Table 2
Parameters obtained after curve fitting room-temperature FTIR spectra of PVPh/
PVPK blends

PVPh/PVPK Hydrogen-bonded C]O Free C]O fb

n, cm�1 W1/2, cm�1 Ab, % n, cm�1 W1/2, cm�1 Ab, %

Pure PVPK – – – 1680 24.8 100 0
25/75 1662 21.7 20.0 1680 23.5 80.0 14.28
40/60 1662 20.3 26.3 1680 21.3 73.7 18.97
60/40 1662 20.4 33.1 1680 21.4 66.9 24.71
75/25 1662 20.6 38.1 1680 21.1 61.9 29.25
80/20 1662 20.5 41.3 1680 21.5 58.7 31.89
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Table 3
Self-association and inter-association equilibrium constants and thermodynamic
parameters for PVPh/PVPK blends at 25 �C

Polymer V MW d DP Equilibrium constants

K2 KB KA

PVPha 100.0 120.0 10.6 160 21.0 66.8 –
PVPKa 104.6 132.1 11.0 45 – – 10

V: Molar volume (mL/mol); MW: molecular weight (g/mol); d: solubility parameter
(cal/mL)1/2; DP: degree of polymerization; K2: dimer self-association equilibrium
constant; KB: multimer self-association equilibrium constant; KA: inter-association
equilibrium constant.

a Ref. [16].
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gradually as the PVPK content of the blend was increased from 25 to
75 wt%. The band for the hydrogen-bonded OH groups in the
phenolic shifted to higher frequency (toward 3420 cm�1) upon
increasing the PVPK content. This phenomenon resulted from
a switch from OH/OH to OH/O]C hydrogen bonds. Therefore, it
is reasonable to assign the band at 3420 cm�1 to the signal of the
OH groups that were hydrogen-bonded to C]O groups. The
frequency difference between the free and the hydrogen-bonded
OH groups can be used to determine the average strength of the
intermolecular interactions [16]. In this study, OH/O]C inter-
association (Dn¼ 105 cm�1) was weaker than the self-association
of the OH groups of the phenolic (Dn¼ 175 cm�1), consistent with
the negative value of q determined from the Kwei equation.

3.2. Inter-association equilibrium constant of PVPh/PVPK blend

Fig. 6 provides a plot of the fraction of hydrogen-bonded C]O
groups of PVPK versus the PVPh weight fraction in the two-blend
system. The PCAM [16] can be used to determine the equilibrium
constants describing self-association and inter-association and
other thermodynamic properties. The self-association equilibrium
constants, K2 and KB, corresponding to the OH/OH interactions of
phenolic, represent the formation of hydrogen-bonded ‘‘dimers’’
and ‘‘multimers,’’ respectively. In this study, a suitable value for KA

of 10 for the PVPh/PVPK blend was based on the experimental data
and theoretical predictions. The calculation of the inter-association
equilibrium constants using the least-squares method has been
discussed previously [21]. Table 3 lists all of the parameters
required by the PCAM to estimate the thermodynamic properties of
these polymer blends. Clearly, the inter-association equilibrium
constant of PVPh/PVPK is weaker than the self-association equili-
brium constant of pure PVPh, which results in the negative value
of q.

3.3. Two-dimensional correlation analysis of PVPh/PVPK blends

White and shaded areas in 2D-IR correlation contour maps
represent positive and negative cross-peaks, respectively. 2D-IR
correlation spectra are characterized by two independent wave-
number axes and a correlation intensity axis. In general, two types
of spectra, 2D synchronous and asynchronous, are obtained; the
correlation intensities in the 2D synchronous and asynchronous
maps reflect the relative degrees of in-phase and out-of-phase
responses, respectively. The 2D synchronous spectra are symmetric
with respect to the diagonal line in the correlation map. Auto peaks,
which represent the degree of autocorrelation of perturbation-
induced molecular vibrations, are located at the diagonal positions
of a synchronous 2D spectrum; their values are always positive.
When an auto peak appears, the signal at that wavenumber would
change greatly under environmental perturbation. Cross-peaks
located at off-diagonal positions of a synchronous 2D spectrum
(they may be positive or negative) represent the simultaneous or
coincidental changes of the spectral intensity variations measured
at v1 and v2. Positive cross-peaks result when the intensity varia-
tions of the two peaks at v1 and v2 occur in the same direction (i.e.,
both increase or both decrease) under the environmental pertur-
bation; negative cross-peaks reveal that the intensities of the two
peaks at v1 and v2 change in opposite directions (i.e., one increases
while the other decreases) under perturbation [22].
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As in the case for a synchronous spectrum, the sign of an
asynchronous cross-peak can be either negative or positive,
providing useful information on the sequential order of events
observed by the spectroscopic technique along the external vari-
able. The 2D asynchronous spectra are asymmetric with respect to
the diagonal line in the correlation map. According to Noda’s rule
[22], when Fðv1; v2Þ > 0, if jðv1; v2Þ is positive (black colored area),
band v1 will vary prior to band v2; if jðv1; v2Þ is negative (white-
colored area), band v2 will vary prior to band v1. This rule is
reversed, however, when Fðv1; v2Þ < 0. In summary, if the symbols
of the cross-peak in the synchronous and asynchronous maps are
the same (both positive or both negative), band v1 will vary prior to
band v2; if the symbols of the cross-peak are different in the
synchronous and asynchronous spectra (one positive and the other
negative), band v1 will vary after v2 under the environmental
perturbation.

Fig. 7(a) presents the synchronous 2D correlation maps in the
range 1500–1700 cm�1. Absorption bands in this spectral range
that are associated with PVPh appear at 1612, 1595, and 1510 cm�1,
corresponding to an in-plane C–C stretching frequency of a ring
influenced by an OH group (phenyl-OH), the in-plane C–H
stretching vibration of a ring influenced by an OH group, and
another in-plane C–C stretching frequency of a ring influenced by
an OH group (phenyl-OH), respectively; (cf. those of pure poly-
styrene at 1601, 1583, and 1493 cm�1, respectively). Signals asso-
ciated with PVPK appear at 1680, 1595, and 1580 cm�1, which are
attributable to vibration of the free C]O groups, in-plane C–C
stretching of rings, and in-plane C–H stretching of rings, respec-
tively. Clear, positive cross-peaks existed between the signal at
1680 cm�1 and those at 1612 and 1510 cm�1, implying the existence
of hydrogen bonding between free C]O groups of PVPK
(1680 cm�1) and phenol-OH groups (1612 and 1510 cm�1) of PVPh.
The positive cross-peaks at 1680, 1612, and 1510 cm�1 all exhibit
the same direction according to Noda’s rule. Fig. 7 also reveals
a positive cross-peak between the signals at 1612 and 1580 cm�1,
revealing the presence of p–p interactions between aromatic rings
of PVPh and PVPK; these two cross-peaks occur in the same
direction (both increase or both decrease). Thus, the specific
interactions between PVPh and PVPK arise not only from hydrogen
bonding but also from p–p interactions. The fraction of hydrogen-
bonded C]O groups and the inter-association equilibrium constant
of PVPh/PVPK are both significantly lower than those of the PVPh/
Fig. 7. (a) Synchronous and (b) asynchronous 2D correl
PMMA blend system, implying that the phenol-OH groups of PVPh
may also interact with PVPK through p–p interactions.

Fig. 7(b) displays the asynchronous 2D correlation maps in the
range 1500–1700 cm�1. The auto peak at 1680 cm�1 splits into the
two separate bands for PVPK located at ca. 1680 and 1660 cm�1.
This phenomenon suggests that there are two different C]O group
sites in PVPK. One, at the relatively lower wavenumber
(1660 cm�1), represents C]O groups involved in hydrogen
bonding interactions with the OH groups of PVPh; the other, at
higher wavenumber (1680 cm�1), represents free C]O groups. This
result is similar to the findings in the 1D FTIR spectra in Fig. 4.
Furthermore, the cross-peaks between the signal at 1680 cm�1 and
those at 1612 and 1510 cm�1 and between the signals at 1612 and
1580 cm�1 in Fig. 7(b) exhibit opposing intensity orders, indicating
that these two bands result from different polymer chains, i.e.,
intermolecular hydrogen bonding or p–p interactions. In addition,
the positive peaks at 1612, 1680 cm�1, 1680, 1580 cm�1, and 1612,
1580 cm�1 in the asynchronous map of Fig. 7(b) imply that the
intensity of the peak at 1612 cm�1 alters before that at 1680 cm�1,
1680 cm�1 alters before that at 1580 cm�1, and 1612 cm�1 alters
before that at 1580 cm�1 upon increasing the PVPh content. In total,
the 2D map reveals that the sequence of changing intensity of the
three bands observed in the spectra is 1612>1680>1580 cm�1.

Fig. 8 provides an analysis of the 1550–1720 and 3000–
3600 cm�1 regions, which represent the signals for OH stretching
bands, to provide a macroscopic view of the interactions. The sign of
the cross-peaks at 1680, 3400 cm�1 is negative in both the
synchronous [Fig. 8(a)] and asynchronous [(b)] maps. Thus, we infer
that the changes in intensity of these bands occur in the opposite
direction, according to Noda’s rule (one decreases, the other
increases), meaning that the intensity of the signal for the free C]O
group of PVPK will decrease upon increasing the OH group content
of PVPh; we also infer that the change in the intensity of the signal at
1680 cm�1 is greater than that at 3400 cm�1 upon increasing the
PVPh content. In addition, the signs of the cross-peaks at 1660,
3400 cm�1 and 1612, 3400 cm�1 are positive in both the synchro-
nous [Fig. 8(a)] and asynchronous [(b)] maps. Thus, we infer that
these changes in intensity occur in the same direction according to
Noda’s rule (i.e., both decrease or both increase), which means that
the signal for the hydrogen-bonded C]O group of PVPK will
increase in intensity upon increasing the OH group content of PVPh.
Taken together, the 2D analyses in Figs. 7 and 8 suggest that the
ation maps for the region from 1500 to 1700 cm�1.



Fig. 8. (a) Synchronous and (b) asynchronous 2D correlation maps for the regions from 1500 to 1700 cm�1 and from 3000 to 3600 cm�1.

Table 4
DSC thermograms of PS-co-PVPh/PVPK¼ 50/50 for various PVPh contents

Compositions Tg

PS/PVPK 46 88
PSOH5/PVPK 63 98
PSOH22/PVPK 88
PSOH36/PVPK 95
PSOH55/PVPK 101
PSOH78/PVPK 107
PVPh/PVPK 110
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sequence of intensity increases is 1612>1680>1660> 3400 cm�1.
Furthermore, no cross-peak is evident at 1580, 3400 cm�1, indi-
cating the OH groups of PVPh do not interact with the aromatic rings
of PVPK. Thus, it appears that the phenyl-OH groups initially form
hydrogen bonds with the free C]O groups of PVPK, consistent with
the signal for the OH groups initially shifting to higher wavenumber
upon increasing the PVPK content (Fig. 4). In the second step, the
phenyl-OH groups interact with the aromatic rings of PVPK through
p–p interactions. Finally, the phenyl-OH groups of PVPh interact
with the OH groups of PVPh.
3.4. Analyses of PS-co-PVPh/PVPK blend

The glass transition behavior of PVPK blended with the various
amounts of PS-co-PVPh was examined using DSC. Fig. 9 displays
typical results for selected PS-co-PVPh contents over a wide range
of PVPh levels. Table 4 summarizes whether one or two Tg values
were noted for all PS-co-PVPh/PVPK¼ 50/50 blends. Clearly, blends
of PVPK with PS-co-PVPh copolymers containing 20 mol% or more
of PVPh exhibited a single glass transition, indicating complete
miscibility within this window of PVPh contents. Fig. 10 presents
partial FTIR spectra (1630–1720 cm�1) measured at 25 �C for PS-co-
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PVPh/PVPK¼ 50/50 blends containing various amounts of PVPh in
the PS-co-PVPh copolymers. Similar to the situation in the spectra
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a greater number of hydrogen bonds, thereby forming a one-phase
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system more preferably. The presence of a significant fraction of
hydrogen bonds may result in a well-mixed system, but it does not
necessarily imply the existence of a thermodynamically miscible
blend. Fortunately, we can use the Painter–Coleman association
model to calculate and define the miscibility window, taking
advantage of the known molar volumes, molecular weights, solu-
bility parameters, degrees of polymerization, and equilibrium
constants (including self-association and inter-association) in
Table 3.

3.4.1. Miscibility window prediction
Painter and Coleman [23] suggested adding an additional term –

accounting for the free energy of hydrogen bond formation – to
a simple Flory–Huggins expression for the free energy of mixing of
two polymers:

DGN

RT
¼ F1

N1
lnF1 þ

F2

N2
lnF2 þ F1F2c12 þ

DGH

RT
(2)

where F and N are the volume fraction and the degree of poly-
merization, respectively, c is the ‘‘physical’’ interaction parameter,
and the subscripts 1 and 2 define the two-blend components. DGH

is the free energy change contributed by hydrogen bonding
between two components, which can be estimated from the FTIR
spectra. According to the Painter–Coleman equation (2), two major
factors are responsible for this increase in the miscibility window.
Firstly, when the difference in the solubility parameters of the two
polymer components of the blend decreases, the value of c will
decrease. Therefore, incorporation of PVPh (10.29 cal/cm3) units
into PS will decrease the difference between the solubility
parameters of PS (9.48 cal/cm3) and PVPK (11.0 cal/cm3) [23].
Secondly, the relative strength of inter-association over self-asso-
ciation increases upon increasing the PVPh content in the PS-co-
PVPh copolymer, tending to enhance the favorable contribution
from the DGH/RT term in Eq. (2) and thereby result in a favorable
trend for miscibility. Fig. 11 displays the miscibility window for
PS-co-PVPh/PVPK blends at 180 �C as predicted theoretically using
the PCAM [23]. We choose this temperature to compare the
theoretical and experimental data because it is above the glass
transition temperature and because the DSC curves were obtained
after quenching the sample from this temperature. Therefore, it is
reasonable to calculate the miscibility window after quenching
from 180 �C, where equilibrium conditions are retained. The x-axis
in Fig. 11 represents the weight fraction of PS-co-PVPh in the blend;
the y-axis represents the mole percentage of PVPh in the PS-co-
PVPh copolymer. The plot suggests that PVPh will be completely
miscible with PS-co-PVPh/PVPK blends when the PVPh content is
greater than 20 mol%. Thus, the model’s predicted miscibility
window at 180 �C compares favorably with our experimental
results based on DSC analyses.

4. Conclusions

The FTIR spectra revealed that the phenol units of PVPh interact
strongly with the C]O groups of PVPK through intermolecular
hydrogen bonding, and more weakly with the aromatic rings of
PVPK through intermolecular p–p interactions. Incorporating vinyl
phenol monomer into PS can enhance the miscibility of PS with
PVPK because the value of c decreases and the degree of inter-
association increases between the C]O groups of PVPK and the OH
groups of the PVPh units in the PS-co-PVPh copolymer. PVPK was
miscible with PS-co-PVPh copolymers having vinyl phenol contents
greater than 20 mol%. The Painter–Coleman association model
predicts the miscibility of this blend system well.
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