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ABSTRACT: The phase behavior of blends containing Poly(N-1-alkyl itaconamic acids)
(PNAIA) with Poly(2-vinylpyrindine) (P2VPy) and Poly(4-vinylphenol) (P4VPh) were
analyzed by Diferential Scanning Calorimetry (DSC) and Fourier Transform Infrared
Spectroscopy (FTIR). Miscibility over the whole range of compositions is observed in
both systems. All the blends show thermograms exhibiting distinct single glass tran-
sition temperatures (Tg), which are intermediate to those of the pure components. The
Calorimetric Analysis using Gordon Taylor, Couchman, and Kwei treatments allows
conclusion that interactions between the components is favorable to the miscibility.
FTIR analysis of the blends suggests that the driving force for miscibility is hydrogen
bonding formation. The variation of the absorptions of the carbonyl groups of PNAIA
and the hydroxyl groups of P4VPh allows one to attribute the miscibility to weak acid
base like interactions. © 2002 Wiley Periodicals, Inc. J Appl Polym Sci 84: 1245–1250, 2002;
DOI 10.1002/app.10453
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INTRODUCTION

Miscibility in polymer blends results from the
negative value of Gibbs free energy of mixing,
�Gm. This term combines the effects of both en-
tropy and enthalpy. Polymer–polymer miscibility
is a process enthalpically governed because the
entropic contribution is vanishingly small for
high molecular weights. Therefore, to ensure a
mixing process with only one-phase material, the
heat of mixing, which reflects the contact interac-
tions between dissimilar components, must be
negative or at least not significantly positive. For

this reason in the mixing process it is necessary to
ensure interactions between the components of
the blend. This can be obtained through the com-
bination of polymers with repeat units where spe-
cific interactions between the chains can exist,
and the heat of mixing between components
should be favorable. The functionalization by in-
corporation of interacting groups in the macromo-
lecular chain is a way to reach this objective.
Dipole–dipole, donor–acceptor or acid–base inter-
actions could take place. Basic polymers such as
Poly(vinilpyridine)s are miscible with proton-do-
nating polymers such as Poly(4-vinylphenol)
(P4VPh),1,2 Poly(acrylic acid) (PAA),3,4 and Poly-
(monoalkyl itaconates) (PMAI)5 due to hydrogen
bonding formation. Poly(4-vinilpyridine) (P4VPy)
is miscible with several polymers containing acidic
groups.1–8 Hydrogen bond formation has been
considered as critical to enhancing the miscibility
in these systems.
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Poly(N-1-alkylitaconamic acids) (PNAIA) are a
family of functionalized polymers derived from
itaconic acid, containing a free carboxylic group
and an amide group per repeating unit (see
Scheme 1). These polymers can be multifunction-
alized and also modified by inserting long side
chains with different lengths, as side groups thus
resulting in polymers with different hydrophobic-
ity.9–11 This structural characteristic is very use-
ful when these polymers are used in different
systems such as polymer blends.11,12 Due to this
interacting structure, PNAIA are interesting in
the compatibilization process with weak basic
and acidic polymers because it can interact by
acid–base interaction through the free carboxylic
group and or the amidic carbonyl group.

The aim of the present work is the study of the
compatibilization process of Poly(N-1-alkyl itac-
onamic acids) containing ethyl (PNEIA), propyl
(PNPIA), butyl (PNBIA), hexyl (PNHIA), octyl
(PNOIA), decyl (PNDIA), and dodecyl (PNDoIA)
groups with weak basic and weak acidic poly-
mers, i.e., Poly(2-vinylpyridine) (P2VPy) and
Poly(4-vinylphenol) (P4VPh) (Scheme 1). This
way it should be possible obtain confidence about
the strength of the interaction of PNAIA with
these weak acid and basic polymers.

EXPERIMENTAL

Monomers and Polymers Preparation

N-1-alkylitaconamic acids (NAIA) were synthe-
sized by reaction of itaconic anhydride with the

corresponding 1-alkylamine in chloroform, follow-
ing procedures previously reported and improved
by us.10–13 Polymers, PNEIA, PNPIA, PNBIA,
PNHIA, PNOIA, PNDIA, and PNDoIA were ob-
tained by radical polymerization in bulk at 343–
393 K (depending on the N-1-alkylitaconamic acid
used) under nitrogen, using �,��’-azobisisobuty-
ronitrile (AIBN) (0.6% mol) as initiator. Purifica-
tion of the polymers was achieved by reprecipita-
tion with methanol in THF solution, before
vacuum drying. Poly(2-vinylpyridine) and Poly(4-
vinylphenol) both with weight average molecular
weight Mw � 20,000 were commercial samples
from Aldrich.

Preparation of the Blends

Blends of different compositions were prepared by
solution casting using chloroform as the solvent
for those containing P2VPy, and THF for those of
P4VPh, and then evaporated at room tempera-
ture and vacuum dried at 298 K for 120 h. The
polymer concentration in the solution was about
2% w/w.

DSC Measurements

The glass transition temperatures (Tg) of the pure
polymers and blends were measured with a Met-
tler TA-3000 system equipped with a TC-10A pro-
cessor and a DSC-20 cell. Polymer samples were
dried under reduced pressure in a vacuum oven
prior measurements. Dry nitrogen was used as
purge gas, and thermograms were measured in
the range 308 to 523 K at a scan rate of 20° min�1.

FTIR Measurements

Infrared spectra of pure polymers and blends
were recorded on a Vector 22 Bruker Fourier
Transform Infrared spectrophotometer. The spec-
tra were recorded with a resolution of 1 cm�1. The
samples were prepared directly in KBr pellets.

RESULTS AND DISCUSSION

Dry blends of PNAIA with P2VPy and P4VPh
were transparent, and showed thermograms ex-
hibiting distinct single glass transition tempera-
tures (Tg). Figure 1 shows the variation of Tg with
the composition for blends of PNAIA with P2VPy
and P4VPh with seven different Poly(N-1-alkyli-
taconamic acids) (PNAIA), i.e., Poly(N-1- ethyl,
propyl, butyl, hexyl, octyl, decyl and dodecyl itac-

Scheme 1
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onamic acid); (PNEIA), (PNPIA), (PNBIA), (PN-
HIA), (PNOIA),l (PNDIA), and (PNDoIA), respec-
tively. A continuous variation of Tg, where values
are intermediate between the Tg of the pure com-
ponents is observed. This behavior would indicate
miscibility over the whole range of composition,
irrespective of the PNAI considered in the blends
and if the blend contains P2VPy or P4VPh. How-
ever, there are differences in the shape of the
curves, and the degree of curvature is low and
rather different for the systems analyzed. Blends
containing P2VPy show curves with no important
differences in the weighed values of Tg between
the pure components and almost no curvature is
observed. In the case of blends with P4VPh,
curves over the weighed values of Tg between the
pure components with the exception of the blend

containing PNEIA/P4VPh can be observed [top of
Fig. 1(b)]. The curvature of the plots are not quite
different from those of the blend containing
P2VPy [Fig. 1(a)]. To analyze in a quantitative
way the variation of Tg with the blend composi-
tion for these systems, the Gordon Taylor14 (GT)
and Couchman15 (Cou) treatment of the data
were used. From this procedure it is possible to
estimate the strength of the interaction. Table I
summarizes the Gordon Taylor and Couchman
contants KGT and KCou for all the systems stud-
ied.

These parameters have been considered as a
semiquantitative measure of the strength of the
interaction between the interacting groups of the
polymeric components.16 The KGT and KCou val-
ues compiled in Table I would indicate that the
interaction between the polymeric components is
enough to favor polymer–polymer miscibility.
However, the above procedures are not the best
fitting methods because they cannot describe S-
shaped curves. These curves are commonly fitted
by the Kwei17 equation:

Tg � w1Tg1 � w2Tg2 � qw1w2 (1)

where wi represents the weight fractions of the
components, Tg the glass transition temperature
of the blend, and Tgi the glass transition corre-
sponding to the pure components. For the case of
S-shaped curves exhibited in Figure 1 they can be
represented satisfactorily by the equation:

Tg �
�w1Tg1 � kw2Tg2�

�w1 � kw2�
� qw1w2 (2)

Equation (1) is clearly a special case of eq. (2)
when k � 1. Figure 2 shows the fitting of Tg for
three different blends as an example of the gen-
eral behavior. Table II summarizes k and q values

Figure 1 Variation of the glass transition tempera-
ture (Tg) for blends of (a) Poly(N-1-alkyl itaconamic
acids (PNAIA) with Poly(2-vinylpyridine) (P2VPy). (�)
PNEIA/P2VPy; (Œ) PNPIA/P2VPy; (E) PNBIA/P2VPy;
(�) PNHIA/P2VPy; (�) PNOIA/P2VPy; (�) PNDIA/
P2VPy; (F) PNDoIA/P2VPy, and (b) PNAIA with
Poly(4-vinylphenol) (P4VPh). (�) PNEIA/P4VPh; (Œ)
PNPIA/P4VPh; (E) PNBIA/P4VPh; (�) PNHIA/P4VPh;
(�) PNOIA/P4VPh; (�) PNDIA/P4VPh; (F) PNDoIA/
P4VPh.

Table I Gordon Taylor (KGT) and Couchman
(KCou) Constants for Blends of PNAIA with
P2VPy and P4VPh

Polymer P2VPy P4VPh

PNAIA KGT KCou KGT KCou

PNEIA 0.77 0.63 0.45 0.47
PNPIA 0.49 0.51 0.46 0.45
PNBIA 0.44 0.47 0.62 0.63
PNHIA 0.19 0.21
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for the fitting of all the blends studied here. The
correlation coefficient for the best fit in each case
is also summarized in this Table II. The values of
k and q obtained by this procedure are in good

agreement with those reported for other systems.
By this way it is possible to assume that there is
an important interaction between the compo-
nents of the blends, which is responsible to the
compatibility. On the other hand, annealed
blends show one single enthalpy relaxation peak
which is indicative of miscibility.

To obtain further information about the inter-
actions involved, FTIR measurements were per-
formed. Intra- and intermolecular association in
PNAIA cannot be disregarded because of the car-
boxylic and amide groups. Figure 3 shows the
infrared spectra of blends of PNHIA/P2VPy as an
example of the general behavior of this kind of
blends. Figure 3(A) shows the FTIR spectra in the

Figure 2 Glass transition temperature of blends of
(a) PNDoIA/P4VPy, (b) PNDoIA/P4VPh, (c) PNDIA/
P4VPh according to the Kwei fitting of the curve.

Table II Kwei Constants for Blends of PNAIA
with P2VPy and P4VPh

Polymer

PNAIA/P2VPy PNAIA/P4VPh

k q r k q R

PNEIA 0.2 1.0 0.97 0.5 5.0 0.96
PNPIA 0.2 2.0 0.98 0.7 9.0 0.95
PNBIA 2.0 3.0 0.97 0.8 14.0 0.98
PNHIA 4.0 21.0 0.98 4.0 30.0 0.91
PNOIA 5.0 25.0 0.97 2.0 47.0 0.88
PNDIA 12.0 82.0 0.96 2.0 96.0 0.95
PNDoIA 10.0 10.0 0.97 7.0 63.0 0.99

Figure 3 FTIR spectra for blends of PNHIA with
P2VPy. (A) Vibration of carboxyl and amide carbonyl
groups of PNHIA. (B) Stretching pyridine aromatic
ring region. (C) Bending pyridine aromatic ring region.
(a) PNHIA, (b) PNHIA/P2VPy 80/20 (w/w), (c) PNHIA/
P2VPy 60/40 (w/w), (d) PNHIA/P2VPy 50/50 (w/w), (e)
PNHIA/P2VPy 40/20 (w/w), and (f) PNHIA/P2VPy
20/80 (w/w).
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region of the carbonyl valence vibrations from
1600 to 1800 cm�1. This region corresponds to the
vibration of the carbonyls of the free carboxylic
and amide groups respectively at different blend
compositions. The band at 1700 cm�1 correspond-
ing to the vibration of the carbonyl of the amide
group remains unchanged, and no shift relative to
the pure PNHIA is observed. However, the vibra-
tion band at 1780 cm�1 of the carbonyl of the free
carboxylic group is shifted to 1767 cm�1 as the
amount P2VPy increases in the blend. This result
would be indicative of interaction between the
carboxylic group of PNHIA with P2VPy. In agree-
ment with this result the bands of the aromatic
ring of pyridine groups shown in Figure 3(B) and
(C) are shifted from 1593 to 1588 cm�1 and from
748 to 745 cm�1, respectively. This spectroscopi-
cal behavior is indicative of the fact that interac-
tions like hydrogen bonding are present in such
binary systems. It is possible to assume that the
free carboxylic group of PNAIA is able to interact
with the pyridine ring of P2VPy. The interaction
between PNAIA and P2VPy could be like weak
acid–base interaction due to the hydrogen bond
interaction between the carboxylic OOH and
pyridinic nitrogen. This weak interaction should
be suficient to favor compatibility between the
polymers under study.

Figure 4(A) shows the typical FTIR spectra of
blends containing PNAIA and P4VPh in the hy-
droxyl valence vibration region. In this case we
have considered the blend PNBIA/P4VPh as a
representative example of the general behavior of
the blends. For pure P4VPh theOOH vibration is
separated into two distinct bands.1,18 The first,
corresponding to a broad distribution of self-asso-
ciated hydroxyl groups,1,18 is centered about 3330
cm�1. The second contribution assigned to free
hydroxyl groups is centered about 3530 cm�1. In
the case of blends with PNAIA the ONH band of
the amido group is overlapped with the OH band.
Nevertheless, in the blends of PNAIA with P4VPh
only one band can be detected, indicating that
within experimental error all hydroxyl groups of
P4VPh form hydrogen bonds inter or intraassoci-
ated. In fact, as the PNAIA content in the blend
increases the intensity of the free hydroxyl band
at 3530 cm�1 decreases and almost desapears,
indicating that at least free hydroxyl groups are
involved in intermolecular association with
PNAIA. Meanwhile, the peak is shifted where it is
indicative of strong hydrogen bonding between
PNAIA and P4VPh. On the other hand, in the
region of 1600–1800 cm�1, where the absorption

of the carboxylic and amide carbonyl groups ap-
pears, it is possible to observe an important shift
of the band corresponding to the carboxylic group
at 1780 cm�1 as the PNAIA content increases
[Fig. 4(B)]. However, the band corresponding to
amide carbonyl group remains unchanged. There-
fore, these results would indicate that the inter-
action between the components of the blend takes
place through hydrogen bonding formation be-
tween the acidic carbonyl group of PNAIA and the
P4VPh hydroxyl group. In this case as in the
former, the miscibility can be attributed to a weak
acid–base interaction via hydrogen bonding for-
mation.

CONCLUSIONS

Both DSC and FTIR were used to investigate the
phase behavior of blends containing PNAIA with
P2VPy and P4VPh. Miscibility over the whole
range of composition is found. In both systems
weak hydrogen bonding interaction between the
components is observed and, therefore, a weak

Figure 4 FTIR for blends of PNBIA with P4VPh. (A)
Hydroxyl valence vibration region. (B) Vibration of car-
boxyl and amide carbonyl groups of PNBIA (a) P4VPh,
(b) PNBIA/P4VPh 20/80 (w/w), (c) PNBIA/P4VPh 40/60
(w/w), PNBIA/P4VPh 50/50 (w/w), PNBIA/P4VPh 60/40
(w/w), PNBIA/P4VPh 80/20 (w/w).
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acid–base interaction can be considered as the
driving force for miscibility.
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