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ABSTRACT: Isotactic, atactic, and syndiotactic poly(methyl methacrylate) (PMMA)
were mixed with poly(vinyl phenol) (PVPh) separately in tetrahydrofuran to make
three polymer blend systems. Differential scanning calorimetry (DSC) and Fourier
transform infrared (FTIR) spectroscopy were used to study the miscibility of these
blends. Isotactic PMMA was found to be more miscible with PVPh than atactic or
syndiotactic PMMA. q 1997 John Wiley & Sons, Inc. J Appl Polym Sci 66: 1773–1780, 1997
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INTRODUCTION The reason may be the differences in the molecu-
lar weights and the preparation methods of the
samples. Because atactic PMMA is mainly com-It has been known for years that the stereoregu-

larity of polymer chains influences polymer–poly- posed of syndiotactic PMMA, the result of atactic
one is often similar to syndiotactic PMMA.mer miscibility. Due to its availability in both syn-

diotactic and isotactic forms, poly(methyl meth- It has been reported, on the basis of experimen-
tal data as well as theoretical predictions, thatacrylate) (PMMA) has been used frequently in

the investigation of the effect of tacticity on misci- PMMA forms a single amorphous phase with
PVPh over the entire composition range and at allbility. Several articles have shown that the tac-

ticity of PMMA influences blend compatibility accessible temperatures.10–14 Some contradicting
data on the miscibility of PMMA and PVPh havewhen PMMA is blended with a chemically differ-

ent polymer. Some of these systems include poly- been reported, however.15,16 These are believed to
be related to the blend preparation method, which(vinylidene fluoride) (PVDF) –PMMA,1–3 poly-

(ethylene oxide) (PEO) –PMMA,4–6 poly(vinyl directly influences phase behavior.12 In this arti-
cle, the miscibility of PMMA–PVPh blends pre-chloride) (PVC) –PMMA7–8 and poly(styrene-co-

vinyl phenol) (MPS) –PMMA.9 For the PVDF– pared by solution casting with different tacticities
of PMMA were investigated. Transparency and aPMMA system, isotactic PMMA was found to be

more miscible than syndiotactic one. For PVC– single glass transition temperature for each com-
position of the blends are used as criteria for mis-PMMA and MPS–PMMA systems, PVC or MPS
cibility. Also, the carbonyl groups of PMMA willforms miscible blends with syndiotactic PMMA,
form hydrogen bonds with the hydroxyl groups ofwhereas it does not form miscible blends with iso-
PVPh. Thus, the wavelength shift of absorbencetactic PMMA. For the PEO–PMMA system, the
of the carbonyl groups can be observed by infraredresults are not consistent. One result is that iso-
(IR) spectroscopy. Therefore, differential scan-tactic PMMA is more miscible than syndiotactic
ning calorimetry (DSC) and Fourier transform in-PMMA.4 The other result is that syndiotactic
frared (FTIR) measurements were carried out toPMMA is more miscible than isotactic PMMA.5–6

study the glass transition temperatures and the
degree of hydrogen bonding of the polymer blends.Journal of Applied Polymer Science, Vol. 66, 1773–1780 (1997)

q 1997 John Wiley & Sons, Inc. CCC 0021-8995/97/091773-08 The aim of this work is to find out the influence
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Table I Polymer Compositions and Their Differential Scanning Calorimetry and Fourier
Shapes Transform Infrared Spectroscopy

The glass transition temperatures (Tgs) of thePolymer Compositions Solid or Film
polymer blends were determined using a DuPont

PVPh : iPMMA 2000 thermal analyzer. The scanning range for
100 : 0 s temperature was from 30 to 2007C and a heating

74.9 : 25.1 s rate of 207C min was used in every measurement.
50.1 : 49.9 f The experiments were performed in the ambient
25.6 : 74.4 f environment of nitrogen gas. In the first thermal
0 : 100 f scan, the samples stayed at 2007C for one minute.

PVPh : aPMMA Then the samples were quenched to 07C immedi-
75.0 : 25.0 s ately using an ice water bath. The samples were
49.2 : 50.8 s quenched quickly enough to prevent any crystalli-
24.9 : 75.1 s zation, as detected by DSC. There was also no
0 : 100 f trace of solvent in the films detected by DSC. The

inflection point of the specific heat jump of thePVPh : sPMMA
75.5 : 24.5 s second thermal scan was taken as the glass tran-
50.1 : 49.9 s sition temperature.
24.8 : 75.2 s The polymer blends were ground with KBr
0 : 100 s powder to make samples for FTIR studies. Spec-

tra were obtained with 64 scans at a resolution of
4 cm01. The wavelength range was from 400 to

of tacticity of PMMA on the compatibility with 4000 cm01 .
PVPh.

RESULTS AND DISCUSSION
EXPERIMENTAL

All the polymers after preparation appeared to
Materials be transparent, indicating possible compatibility.

The shapes of most of the polymers were moreIsotactic, atactic, and syndiotactic PMMA (desig-
like powdered solids than films, owing to the brit-nated as iPMMA, aPMMA, and sPMMA in this
tleness of the two polymers (PVPh and sPMMA).study) and PVPh were purchased from Poly-
Table I is a list of all the polymer compositionssciences, Inc., Warrington, PA. According to the
studied and their shapes.supplier information, the molecular weights (Mw )

of iPMMA, aPMMA, and sPMMA are the same,
at about 100,000. The molecular weight (Mw ) of Glass Transition Temperatures
PVPh is about 30,000. PVPh was mixed with each
PMMA individually with different weight compo- The complete thermal scans of the three polymer

blends are shown in Figures 1–3. Tgs of iPMMA,sitions. The actual compositions are shown Table
I. Films of the polymer blends were made by solu- aPMMA, sPMMA, and PVPh were measured to be

75, 105, 124, and 1567C individually. If aPMMAtion casting onto glass plates. Tetrahydrofuran
(THF) was used as the solvent for most composi- is assumed to be composed solely of iPMMA and

sPMMA, aPMMA is estimated to be 61% sPMMAtions; but for PMMA, toluene was used instead.
THF and toluene are ACS reagent purchased from and 39% iPMMA from the Tg difference. According

to Figures 1–3, there is a single glass transitionFisher Scientific, Fair Lawn, New Jersey. The fi-
nal drying step for all the films took place in a temperature for most compositions. The only two

exceptions (shown in Figures 2 and 3) are PVPh :vacuum oven for more than one day at 92–1057C.
Then the films were cooled down to room tempera- aPMMA (49.2 : 50.8) and PVPh : sPMMA (50.1 :

49.9), with two glass transition temperatures in-ture slowly by air cooling. Although the drying
temperature were sometimes lower than the glass dicating heterogeneity. The results can be seen

more clearly in Figure 4. For the two compositionstransition temperatures of the polymers, the films
were transparent after air cooling without any having two Tgs, the lower Tg one is quite close

to the Tg of pure PMMA. Judging from this, theobservable phase separation.
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Figure 1 DSC thermograms of PVPh–PMMA blends.

composition with higher Tg can be assumed to be the value predicted by the additivity rule, and
this value is even higher than that of aPMMAcomposed of PMMA and PVPh, and the one with

lower Tg consists of mainly PMMA. Aside from or sPMMA with a similar composition. The Tg of
PVPh : iPMMA (25.6 : 74.4) is above the weight-the two Tg points, the glass transition tempera-

tures for these blends are mostly quite close to averaged value. However, the Tg of aPMMA or
sPMMA with a similar composition falls below thethe values predicted by the additivity rule (the

dashed lines in Figure 4). However, the Tg of average value. The importance of the elevation of
Tg will be expounded in the next paragraph.PVPh : iPMMA (74.9 : 25.1) is much higher than

Figure 2 DSC thermograms of PVPh–PMMA blends.
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Figure 3 DSC thermograms of PVPh–PMMA blends.

Several empirical equations have been pro- using the eq. (1). For compositions such as ap-
proximately 25 or 75% PMMA in the blends, theposed to describe the composition dependence of

Tg for miscible blends that involve strong specific degree of hydrogen bonding of iPMMA with PVPh
is higher than that of aPMMA or sPMMA.interaction. Three publications17–19 offer theoreti-

cal insights into the underlying reason for the ex- The glass transition temperature regions
(DTg ) were calculated as the differences betweenperimental observations. In the limiting case,

these equations reduce to the following simple ex- the onset and the end points of Tg . The calculated
results are shown in Figure 5. It is interesting topression20:
notice that a broadening of the glass transition
temperature regions occur when iPMMA is addedTg Å W1Tg1 / W2Tg2 / qW1W2 (1)
to the PVPh–iPMMA system. For PVPh–aPMMA
or PVPh–sPMMA system (those compositionswhere W1 and W2 denote, respectively, the weight

fractions of the components 1 and 2, and q is a with two Tgs not included), a broadening of the
glass transition temperature regions is not ob-parameter that depends on the net polymer–poly-

mer interaction (i.e., hydrogen bonding in this ar- served. In the literature, a broadening of Tg re-
gions has often been attributed to the presence ofticle) . The following comments can be drawn by

Figure 4 The glass transition temperatures of the Figure 5 The glass transition temperature regions of
the three polymer blends.three polymer blends.
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Figure 6 FTIR spectra of PVPh–iPMMA blends.

microheterogeneities where local fluctuations are to 1800 cm01 . For the three blend systems, there
are two peaks observed. One is the free carbonyladded to the density fluctuations.21,22 However, it

has been shown that such a broadening may also group stretching in 1732 cm01 . The other one in
1715 cm01 can be assigned to the hydrogen-result from normal density fluctuations without

invoking the presence of composition fluctua- bonded carbonyl groups. Because sPMMA is easy
to ground with KBr powder, in Figures 6–8, thetions.23 The Tg difference between PMMA and

PVPh is the biggest (817C) for iPMMA, so it is FTIR spectrum of sPMMA is used to represent all
the PMMAs. Because the samples were preparednot fair to determine the miscibility of the studied

blends solely from this aspect. as KBr–polymer disks, there was some scattering
in the signals. However, the following qualitative
comments can be made. In Figure 6, the degree

FTIR Studies of hydrogen bonding increases with the increasing
composition of PVPh (from 0 to 74.9%) in theThe FTIR measurements are shown in Figures 6–

8 only for the region of the wavelength from 1650 blends. However, there is little difference in the
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Figure 7 FTIR spectra of PVPh–aPMMA blends.

degree of hydrogen bonding between 25.6 and For the PMMA–PVPh blends to be more misci-
ble, there is a need for more PMMA–PVPh interac-50.1% PVPh in the blends. In Figures 7 and 8,

the degree of hydrogen bonding also increases tions and less PMMA–PMMA and PVPh–PVPh in-
teractions. PMMA–PMMA interactions are weak,with the increasing composition of PVPh in the

blends, but there is a very low degree of hydrogen but PVPh–PVPh interactions are strong because of
self-associated hydrogen bonding.24 Thus, PVPh–bonding for one composition (about 25% PVPh in

the blend). Comparing the curve of PVPh : iP- PVPh interactions need to be taken into the consid-
eration in the blends. If the PVPh–PVPh interac-MMA (25.6 : 74.4) to that of aPMMA or sPMMA

having a similar composition, it seems that iP- tions are stronger than the PMMA–PVPh interac-
tions, PVPh–PVPh interactions will not be broken,MMA has the highest degree of hydrogen bonding

with PVPh. Comparing the (a) curves (about 75% and the PMMA–PVPh blends will be immiscible.
In the studied blends, iPMMA forms more hydrogenPVPh in the blends) in Figures 6–8 also seems

to support the fact that the degree of hydrogen bonding interactions with PVPh than aPMMA or
sPMMA. Therefore, the iPMMA–PVPh blends arebonding is highest for iPMMA.
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Figure 8 FTIR spectra of PVPh–sPMMA blends.

more miscible than the aPMMA–PVPh or sPMMA– glass transition temperature for each composition
in the blends of PVPh and iPMMA. However,PVPh blends.

The degree of the annealing effect on these there are two glass transition temperatures
for one composition of PVPh–aPMMA or PVPh–polymer blends was not investigated in this arti-

cle but will be an interesting subject to look into. sPMMA blends. From FTIR spectra, the degree
of hydrogen bonding of iPMMA with PVPh is theMore work needs to be done to clarify this effect.
highest among these three PMMAs.
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