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Alternative copolymers of maleic anhydride (MA) and ethyl vinyl ether (EVE) [P(MA-alt-EVE)] were prepared in super-
critical carbon dioxide (scCO,). The chemical structure of the obtained P(MA-alt-EVE)s was characterized by FT-IR and
13C NMR spectroscopy and showed that the copolymers possess strictly alternating structure. The influences of MA/EVE
feed ratio, reaction time, and solvent as well as the initial initiator concentration on the copolymerization were also studied.
It was indicated that the increase rate of reaction pressure could be related with good accuracy to monomer conversion, pro-
viding a simple and efficient method for monitoring the reaction processes. Gel Permeation Chromatography examination
of the alternative copolymers revealed that the molecular weights of P(MA-alt-EVE) synthesized in scCO, at different pres-
sures were all higher than those prepared in organic solvents. Thermal properties were investigated by TGA and showed P
(MA-alt-EVE) has good thermal stability (74=251 °C). Comparison studies on the P(MA-alt-EVE) in scCO, and that pre-
pared in organic solvent exhibit scCO, solvent and it plays an important role in the copolymerization of MA and EVE.

Keywords: supercritical carbon dioxide; maleic anhydride; ethyl vinyl ether; alternative copolymer

1. Introduction

Alternating copolymers exhibit some unique properties
such as superior thermal stabilities, fire resistance, photo,
X-ray, and E-beam sensitivities, catalytic and chiroptical
activities, and extremely low band gap materials [1,2].
Among these copolymers, alternating copolymers of
maleic anhydride (MA) with alkyl vinyl ether (AVE)
have received significant attention due to their unique
properties and wide range of applications such as adhe-
sives, photocrosslinkable and photosetting resin composi-
tions, photographic films, electrophotographic recording
and glass fiber coatings, and flocculants, as well as con-
trolled-release coatings, medicinal tablet coatings, animal
antidiarrhea capsules, and so forth [3].

Currently, alternating copolymers of MA and AVE
are synthesized industrially by two major processes:
organic solution polymerization and bulk polymerization.
In the first process, copolymerization occurs in organic
solvents, such as butanone, dimethylbenzene, and cyclo-
hexane. After the reaction is completed, the copolymer is
collected and washed. Then it is dried to prevent remain-
ing organic solvents. Unfortunately, the process gener-
ated large amounts of organic waste and required large
quantities of energy to isolate the polymer in a dry form.

Moreover, chain transfer reactions involving hydrogen
atom of the solvent usually lead to low molecular weight
copolymer. The bulk copolymerization of MA with AVE
is a solvent-free alternative process to synthesize the
alternating copolymer, where AVE was considered as
solvent and comonomer. This synthetic route enjoys the
advantage of avoiding organic waste. However, it was
unadvantageous in controlling exothermic polymeriza-
tions. The resultant alternating copolymer is highly
swollen with the unreacted AVE monomer. Even at a
low solid content the reaction medium is practically a
gel which cannot be efficiently agitated to keep the
molecular weight distribution (MWD) under control.
Then copolymerization has to be stopped. Therefore, an
alternative method to prepare clean high molecular
weight copolymer needs to be developed to avoid the
use of toxic organic solvents and to reduce vast energy
consumption in post-process.

Recently, the use of scCO, as an alternative to tradi-
tional aqueous and organic solvents has attracted much
attention in the fields of extraction, polymer synthesis,
and material processing. CO, is inexpensive, nontoxic,
non-flammable, and readily available. Moreover, poly-
mers can be isolated from the reaction mixture by simple

*Corresponding author. Email: thx zhangsx@163.com, chm_zhangsx@ujn.edu.cn

© 2012 Taylor & Francis



Downloaded by [Ams/Girona*barri Lib] at 04:04 14 October 2014

284 Y. Zhu et al.

R AIBN I
=C = + HC=CH ———— -[—I-I(‘—(‘H—CH—(‘II«*}
o ('\ /C 0 * seC0,,70°C [ “In
(8] Oo=C C=0

OFEt N S
(8]

Scheme 1. Synthesis of an alternation copolymer of P(MA-
alt-EVE) in scCO,.

depressurization, resulting in clean and dry products.
Additionally, the charge-transfer complex (CTC) of MA
and AVE, favoring alternating copolymerization, has
been verified by many researchers [4—6]. Low tempera-
ture, high pressure, and weak polarity can enhance the
formation of the CTC of AVE and MA [7]. Accordingly,
the supercritical carbon dioxide (scCO,) is a preferred
alternative for the alternating copolymerization of MA
and AVE due to its nonpolarity, low dielectric constant,
and unusually tunable versatile properties in solvent
strength, viscosity, and so on.

Copolymerizations of MA and AVE in organic sol-
vents have been mentioned in a few literatures [8—10],
however, there is no full article concerning on the copo-
lymerization details in the novel scCO, reaction medium.
In this study, we have carefully investigated the copoly-
merization (Scheme 1) of MA and EVE in scCO, with
2,2-azoisobutyronitrile (AIBN) as the initiator in detail.
The chemical structure of MA-EVE copolymer with FT-
IR and "*C NMR, the thermal properties, and copolymer-
ization behaviors are presented and discussed.

2. Experimental
2.1. Materials

MA was used after recrystallization in methanol and
dried in the vacuum drying oven for 24 h. Ethyl vinyl
ether (EVE) was purified through distillation. The 2,2-
azobisisobutyronitrile (AIBN) was recrystallized twice
from absolute methanol. Carbon dioxide (>99.9%) was
further purified through columns of activatedalumina and
a copper catalyst to remove water and oxygen. Butanone,
cyclohexane, ethyl acetate, and other organic solvents
were used without further purification.

2.2.  Copolymerization of MA and EVE in scCO,

Polymerization was conducted in a 50 mL high pressure
reactor equipped with a magnetic stirring bar, a thermo-
couple, and a rupture disk. The reactor was immersed in
a water bath with a thermocouple connected to a temper-
ature controller. In a typical experiment, EVE (0.02 mol),
MA (0.02mol), and AIBN (0.0102 g) were loaded to the
reactor. The reactor was then sealed. Next, the reactor
immersed in an ice bath was first purged with a flow of
CO, to remove air from the vessel and then filled with
liquid CO, to the desired amount (i.e. 30g). Then the
reactor was gradually heated to 70 °C to start the reaction

(r=20-30min). When the reaction ended, the reactor
was cooled, and CO, was slowly vented. Then the reac-
tor was opened to collect the polymer that usually was
under the form of white powders mainly located at the
bottom of the vessel. The collected powder was washed
out by dissolving in acetone, precipitated in methanol,
and then collected and dried under reduce pressure.

2.3.  Characterization

The monomer conversion was determined gravimetrically
as the ratio between the mass of resulting polymer and
that of the feeded monomer. Chemical titration was uti-
lized for determining the compositions of the obtained
copolymers [11]. Infrared spectra were obtained using a
Bio-Rad FTS165 spectrometer. '>*C NMR spectra were
measured on Bruker Avance III-400 MHz instrument
with acetone as solvent at room temperature. The molec-
ular weight and its distribution of the copolymer was
determined by Gel Permeation Chromatography (GPC)
analysis relative to polystyrene calibration (Waters 515
HPLC pump, a Waters 2414 differential refractomerer,
and two Waters Styragel columns (HRSE and HR4E))
using tetrahydrofuran (THF) as eluent at a flow rate of
1.0ml/min at 25°C. Differential scanning calorimetry
(DSC) analysis was performed on a Perkin—Elmer Dia-
mond DSC at a heating rate of 10 °C/min under nitrogen.
Thermogravimetric analysis (TGA) was conducted with
a Pyris Diamond TG/DTA (Perkin—Elmer Co., USA)
with the heating rate 10 °C/min in a nitrogen atmosphere.
The solubility was evaluated by charging approximately
5mg polymer into 2 ml solvents, respectively, under stir-
ring overnight at ambient temperature.

3. Results and discussion
3.1. Polymer characterization

Spectroscopic techniques were employed to characterize
the structures of the polymeric products. All the copoly-
mers give satisfactory analysis data corresponding to
their expected structures. The typical FT-IR spectrum of
P(MA-alt-EVE) is given in Figure 1. The sharp peaks at
1781 and 1863cm™' are attributed to symmetric and
antisymmetric stretching vibration absorption peak of
C=0 group in MA units, respectively. The peak at
1225cm™" corresponds to the C—O—C stretching of EVE
units. The symmetrical and asymmetrical stretching due
to the methyl and methylene groups can be observed at
2982 and 2889 cm ™', respectively.

The formation of P(MA-alt-EVE) is also confirmed by
13C NMR spectrum giving their characteristic peaks as
shown in Figure 2. The presence of signals at 10-20 and
33.3ppm could be assigned to Cg and C,, respectively;
the peaks of C4 in MA appeared to 38.35 ppm; the pres-
ence of signal at 50.14 ppm assigned to the presences of
Cs; and the presence of signals at 66.88 ppm assigned to
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Figure 1. FT-IR spectra of P(MA-alt-EVE) prepared in scCO,
(sample taken from Table 2 Run 2).
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Figure 2. '3C NMR spectra of P(MA-alt-EVE) prepared in
scCO, (sample taken from Table 2 Run 2).

C,. The presence of signals at 74.50 ppm could be attrib-
uted to C, in vinyl ethers. The presence of signals
between 170 and 180 ppm could be attributed Cs and Cg
in MA. In the aliphatic carbons region, the three broad
peaks between 30 and 60 ppm, related to the alternating
triad (MA-EVE-MA) [12] were observed. Figure 2 shows
the methylene subspectra of the EVE/MA copolymer.
Only one broad methylene signal at 33-38 ppm of MA-
EVE-MA is observed, demonstrating that the EVE/MA
copolymers prepared in scCO, possess the strictly alter-
nating sequence structure [13].

3.2. Polymerization behavior
3.2.1. Effect of MA/EVE feed ratio
Monomer feed ratios will greatly affect the monomer

conversions and resulting copolymer compositions. To
evaluate such an effect for the copolymerization of MA

Table 1. Copolymerization of MA/EVE in scCO, with
different monomer feed ratio.”

MA in feed MA conversion MA in copolymer

Run (mol%) (Wt.%) (mol%)

1 100 3.4 100

2 50 88.3 51.5

3 333 89.1 50.3

4 25 90.6 51.2

5 20 91.3 49.1

6 16.7 92.7 49.3

T=70°C, t=8h, p=17 MPa, AIBN 0.3wt.% with respect to (total
monomer). Total monomer concentration was 1 mol/l.

and EVE in scCO,, copolymerizations with different
monomer feed ratios are conducted and the results are
shown in Table 1. From Table 1 it can be seen that the
conversion of MA in Run 1 is only 3.4%, which shows
that MA monomer is difficult to homopolymerize in
scCO, while MA and EVE monomer could copolymer-
ize well. As the mole fraction of MA in feed ratio was
50%, as shown in Run 2, the conversion of MA was
high (up to 88.3%) when the mole fraction MA in
copolymer was 51.5mol%. As the mole fraction MA in
feed ration decrease from 33.3 to 16.7%, the conversions
of MA were improved slowly from 89.1 to 92.7% while
the mole fraction of MA in copolymer was almost
unchanged at about 50 mol%.

The copolymerization behavior of the comonomers
can be better understood by the determination of reactiv-
ity ratios. The reactivity ratios of MA with EVE were
determined by the application of Fineman-Ross (FR) lin-
earization method from the monomer feed ratios and the
copolymer compositions [15-17]. According to the FR
method the monomer reactivity ratios can be obtained by
the equation:

(p=1 _r—np
R R?

M
With

M
R:ﬁ; and p = m;/mj (2)

where M; and M, are the monomer molar compositions
in feed and m; and m, are the copolymer molar compo-
sitions.

The linear extrapolation plot using the FR method is
depicted in Figure 3, and the reactivity ratios for MA
(rma) and EVE (rgyg) in scCO, are 0.035 and 0.018,
respectively. The low values of rya, 7eve, and ryareEve
(rmarEve <<I) show that, the studied system has a high
tendency to form alternating copolymers. The calculated
results of rya and rgyg from FR method were similar
with those (rva=0.0033 and rgyg-0.0025) from Q and
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Figure 3. FR plot for determining the monomer reactivity
ratios in the copolymerization of MA and EVE in scCO,,

e valves of MA and EVE [14]. Furthermore, the reactiv-
ity ratios of MA and EVE in scCO, was concordant with
the '*C NMR result and show the copolymer of MA/
EVE was an alternating copolymer.

3.2.2.  Effect of reaction time

The relations of reaction time with monomer conversion
are shown in Figure 4. At 70°C, the conversion
increased slowly at first 30min and then increased
quickly up to 90.3% after 10 h and then increased slowly
to 93.3% to the end (16h) of the polymerization. The
change of conversion with time is well consist with the
first-order decomposition of AIBN initiator or the change
of the concentration of radical [C(CH3),(CN)] in the
early stage of the reaction. Namely, ¢, of AIBN at 70°
C is about 8h, after 16h. (2 x t;5) over 75% of AIBN
was consumed, and the continuation heating will never
affect a significant increase of the conversion.
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Figure 4. Effect of reaction time on the monomer conversion
for the copolymerization of MA and EVE in scCO,,

Figure 4 also shows the relevance of the pressure in
the polymerization system to reaction time and the result
shows that the pressure increase could be related with
good accuracy to monomer conversion. As shown in
Figure 4, the pressure has almost no change at first 1h
and all the conversions are lower than 5wt.%. While,
the pressure increased quickly from 13.6 MPa at 2h to
16.1MPa at 6h. The result could be tentatively
explained considering phase change of the polymer and
the monomers in the system under consideration. The
variations of the pressure during the synthesis of macro-
molecules in scCO, were studied by Beckman [18] and
Chen [19] in the case of the polymerization of methyl
methacrylate and acrylic acid, respectively. These authors
have shown that the instantaneous pressure change can
be related to the polymerization rate, the degree of com-
pressibility of the polymerization mixture, the difference
between molar volumes of the polymer and the mono-
mer, and the variation of the volume change upon
mixing terms for each phase. At preliminary stage,
monomers and initiator are completely soluble in scCO,
while the copolymer P(MA-alt-EVE) with high molecu-
lar weight was hardly miscible and can be separated
from the reaction system. On the one hand, the total vol-
ume would shrink when MA and EVE monomers are
copolymerized to polymer. On the other hand, the sepa-
ration of the copolymer from the solvent of scCO,
caused the phase disengagement in the polymerization
system. Therefore, the total volume of two phases would
be greater than the volume of the miscible phase contain-
ing monomers, initiator, and scCO, solvent in the reac-
tion reactor with fixed volume. Based on an overall
consideration of the two factors, the expansion effect of
phase disengagement would be greater than the shrinking
effect in our experiments. When the reaction carried on
after 8 h, the pressure was nearly stable at 17 MPa. Thats
because the monomer concentration and the number of
free radical were very low, reaction was almost finished
at this time. So, the pressure of the system was stable.
Consequently, the system showed the pressure increased
with the increase of conversion and both curves have
favorable relationship. The conversion of the copolymeri-
zation of MA and EVE in scCO, can be tracked with
the change of reaction pressure. For example, the degree
of increase of reaction pressure can be used to predict
the polymerization conversion. In addition, it can be
deduced when the reaction pressure are steady after a
period of pressure increase polymerization would essen-
tially end. Hence, an efficient method was presented for
monitoring the reaction processes.

3.2.3.  Effect of initiator concentration

The polymerizations were conducted at four different con-
centrations of the initiator AIBN, as shown in Figure 5.
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Figure 5. Effect of initiator concentration on the
copolymerization of MA and EVE in scCO;,

When the polymerization was conducted at the lowest ini-
tiator concentration (0.0035mol/L), there was a low
monomer conversion (38%) at 4h. However, at a higher
initiator concentration (0.0076 mol/L), the monomer con-
version reaches to 76% at the same polymerization time.
This increasing trend of conversion is attributed to the
creation of more numbers of reaction sites arising from an
increase in the concentration of AIBN in the reaction sys-
tem (50 ml). Further increasing the initiator concentration
from 0.0076 to 0.0102 mol/L there was a slight increase
in the polymer—monomer conversions ranging from 76 to
79%. These data indicate that adding much quantity of
initiator does not accelerate the reaction further (i.e. there
exists an optimal value of initial concentration that maxi-
mizes the polymerization rate).

3.2.4.  Effect of reaction solvent

In the work, several organic solvents, such as butanone,
dimethylbenzene, and cyclohexane are compared with
scCO, and are aimed to investigation of the solvent
effects on the copolymerization of MA and EVE and the
results are shown in Table 2.

Morphology of polymer products varied with the
polymerization solvents. Descriptions of the physical
state based on the visual observation of the products

both higher than those in organic solvents. As can be
seen from Table 2, the conversions for Run 1-3 in
scCO, ranged from 88.7-93.2% are all higher than those
in organic solvents (Run 4—6 expect for Run 5, the con-
versions are all lower than 50%). In addition, the conver-
sion for the copolymerization in scCO, was improved
from 88.7 to 93.2% when the pressure increased from 17
to 34 MPa. The molecular weights of P(MA-alt-EVE)
synthesized in dimethylbenzene and butanone were lower
than those synthesized in scCO,,

This could be attributed to higher plasticizing capa-
bility of CO, to polymeric materials that enhances the
small molecules permeated into even precipitation
copolymer. According to the study of Kazarian [20], spe-
cific intermolecular interactions between carbon dioxide
and copolymers containing carbonyl groups enhance the
capability of CO, to swell and plasticize the copolymers.
As a consequence of this intermolecular interactions, the
free volume and segment mobility of the copolymers are
increased in scCO,, which would lead to a higher diffu-
sion rate of small molecules in the copolymer matrix and
a lower viscosity for the reaction system [21]. In the
present study, the P(MA-alt-EVE) copolymer containing
many carbonyl groups would have strong interaction
with CO,. The effects of scCO, solvent on the copoly-
merization of EVE and MA can be explained from four
aspects. First, because of a depletion of electron density
on the carbon atom, CO, is a weak Lewis acid and inter-
acts with oxygen atom of carbonyl groups having lone
pair electron as Lewis base [20]. The specific acid—base
interaction can decrease electron density of MA and

Table 2. Copolymerizations of MA and EVE in different solvents.?

Run Solvent P (MPa) Appearance Conversion (%) Myx107* (g/mol) MWD
1 scCO, 17 white powder 88.7 2.02 4.16

2 scCO, 25 white powder 92.4 4.36 4.51

3 scCO, 34 white powder 93.2 9.44 4.30

4 dimethylbenzene - glassy gel 453 0.53 —

5 butanone - viscous liquid 86.6 1.72 3.76

6 cyclohexane - glassy gel 34.6 - —

"MA=0.02mol, EVE=0.02mol, 7= 70°C, t=8h, AIBN=0.3 wt.% with respect to total monomer.
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facilitate the formation of the CTC between EVE and
MA. The CTC has a far greater reactivity toward the
propagating radical compared to free monomer [5]. Sec-
ond, the intermolecular interactions between carbon diox-
ide and copolymers containing carbonyl groups enhance
the capability of scCO, to swell and plasticize EVE/MA
alternative copolymers, which promote interphase trans-
port of monomers [12]. So, the chain propagation of P
(MA-alt-EVE) is still high, although the polymerization
locus shifts to the interior of polymer particles with the
increase of polymer chains. Third, because chain entan-
glements restrict the mobilibity of the active polymer
chains, the termination rate decrease. As a result, the
molecular weight of the copolymer obtained in scCO, is
higher than the copolymer obtained in organic solvent.
Finally, for the intermolecular interactions between
scCO, and EVE/MA copolymers, the CO,—MA interac-
tions likely enhance the solubility of EVE/MA copoly-
mer and restrain the copolymer precipitation, which
result in the high molecular weight copolymer. Com-
pared to copolymerization conducted in organic solvents,
the copolymerization carried out in scCO, would reduce
the precipitation of the resulted copolymer and promote
the chain propagation continuing the polymerization
reaction, resulted in higher monomer conversion and
molecular weight.

3.3. Thermal stability of P(MA-alt-EVE)

Most polymers are processed under high temperatures. It is
thus important to investigate their thermal properties. We
first examined the thermal stability of the copolymer by
TGA under nitrogen (Figure 6). Temperature for 5wt.%
loss has often been used as degradation temperature (7y) to
estimate thermal stability of a synthetic polymer. As shown
in Figure 6, P(MA-alt-EVE) exhibited good thermal

100 4
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Figure 6. TGA thermograph of P(MA-alt-EVE) prepared in
scCO, (sample taken from Table 2 Run 2).
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Figure 7. DSC curve of the copolymer synthesized in
dimethylbenzene (A) (sample taken from Table 2 Run 4) and
in scCO, (B) (sample taken from Table 2 Run 2).

stability has the 7y value at 251°C, which endow the
copolymer with enough thermal stability at post processes.
It is also seen from Figure 6, the weight loss of P(MA-alt-
EVE) accelerated greatly after Ty and the weight decreased
quickly down to 30wt.% at 479 °C. It is understandable
that acid anhydride and ether groups in P(MA-alt-EVE)
increase the speed of copolymer decomposition at high
temperature. Finally, the rate of weight loss decelerated
after 479 °C, and then the weight of P(MA-alt-EVE) sample
decreased down to 21.8 wt.% to the end (800°C) of the
TGA analysis. It is possible, during the decomposition of
the copolymer, that a cross-linked structure would be
formed that yielded a thermal-stable char residue of about
20% weight for the original P(MA-alt-EVE).

We further investigated the transition behaviors of
Poly(MA-co-EVE) through DSC measurement under the
N, atmosphere at a heating rate of 10 °C/min from 30 to
240 °C. The DSC curve is shown in Figure 7. It can be
seen that the glass transition temperature (7)) of P(MA-
alt-EVE) synthesized in scCO, (Iy=144°C) was higher
than that for the copolymer synthesized in DMB
(ITg=131°C). The difference would be related with the
higher molecular weight of P(MA-alt-EVE) synthesized
in scCO, (M,=4.36 x 10~*g/mol) than that synthesized
in dimethylbenzene (M, =0.53 x 10~ * g/mol).

3.4.  Solubility

The solubility of P(MA-alt-EVE) in various solvents was
carefully evaluated and summarized in Table 3. It was
found that P(MA-alt-EVE) are soluble in such polar sol-
vents as acetone, dimethylformamide, and dimethyl sulf-
oxide, which were consistent with the fact that all these
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Table 3. Solubility of Poly(MA-co-EVE) in various liquids.
Key: (—) insoluble, (+) soluble.

Solvent Polarity P(MA-alt-EVE)?*
Cyclohexane 0.1 -
Dimethylbenzene 2.5 -
Ether 2.9 -
THF 4.2 +
Ethanol 4.3 -
Chloroform 4.4 -
Pyridine 53 -
Acetone 54 +
Dimethylformamide 6.4 +
Dimethyl sulfoxide 7.2 +

*Sample taken from Table 2, Run 2.

solvents and P(MA-alt-EVE) contained carbonyl group.
In addition, although P(MA-alt-EVE) did not dissolve in
most low-polarity solvents, such as cyclohexane, dimeth-
ylbenzene, and ether, it can well dissolve in THF, mainly
due to their similar ring-like structure according to the
principle of ‘similarity and intermiscibility’.

3.5. The copolymerization mechanism analysis of P
(MA-alt-EVE)

According to the research of Kazarain [20], CO, is a non-
polar molecule with low dielectric constant, which has the
properties of Lewis acid and Lewis base. Especially when
CO, is together with carbonyl, the carbon atom of CO,,
which is lack of electron, interacts with the carbon atom
from carbonyl and generates Lewis acid—base. The
copolymer of EVE and MA has many anhydride groups,
so there are strong interactions between the copolymer and
CO,, the interaction will make CO, swelling and plastify-
ing the copolymer. CO, also has interaction with MA, it
cause the formation of CTC model which is propitious to
the chain growth. According to Qiu [22], when CO, inter-
acts with the carbonyl oxygen of anhydride groups, CO,
tends to close to MA at the side and was away from the
alkyl. The steric hindrance of CTC(EVE-MA) helping to
the living polymer chains attacks MA of CTC(EVE-MA)
from the side of alkyl. It results that there are two configur-
erations MA in the copolymer (there are two integral areas
at about 50 ppm in Figure 3. '*C NMR spectrums of P
(MA-alt-EVE) prepared in scCO;) [22]. The mechanism
of the copolymerization and CTC model of EVE and MA
is presented in Figure 8.

4. Conclusion

In this paper, we have successfully synthesized the alter-
nating copolymer of MA and EVE in scCO, and the
copolymer was obtained in high yield as dry, clear, and
white powders directly from the reaction vessel. The
alternating structure of obtained P(MA-alt-EVE) was

Figure 8. The mechanism of the copolymerization and CTC
model of EVE and MA.

clearly confirmed by FT-IR and '*C NMR. It was dem-
onstrated that P(MA-alt-EVE) main chain units have two
configurations and the potential copolymerization mecha-
nism was proposed. GPC examination of the alternative
copolymers revealed that the molecular weights of P
(MA-alt-EVE) synthesized in scCO, at different pres-
sures were all higher than those prepared in organic sol-
vents. The increase rate of reaction pressure was related
with good accuracy to monomer conversion, providing a
simple and efficient method for monitoring the reaction
processes. Comparison studies on the P(MA-alt-EVE)
synthesized in scCO, and that prepared in organic sol-
vent exhibit scCO, solvent and it plays an important role
in the copolymerization of MA and EVE.
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