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SYNOPSIS

Free radical copolymerization of ethyl methacrylate (EMA) and acrylamide (AA) was
carried out in the presence of 2,2’-azobisisobutyronitrile (AIBN) in dimethyl formamide
(DMF) at 60°C. The percentage composition of the copolymers were established by ele-
mental analysis. The copolymerization reactivity ratios were determined by both Fineman-
Ross (F-R) and Kelen-Tudos (K-T') methods. The copolymers were characterized by IR,
'H-NMR, thermal, and dielectric studies. Glass transition temperatures (T,) have been
determined by DSC. The solubility parameter of this copolymer was evaluated by studying

the intrinsic viscosity in different solvents.

INTRODUCTION

Acrylic copolymers have acquired prime importance
in various avenues of industrial applications.} They
serve as basic materials for the preparation of for-
mulations that are used as base and top coats in
leather industry. Saini et al.* studied the free radical
copolymerization of acrylamide (AA)-methyl
methacrylate and AA-styrene. Copolymerization of
acrylamide with styrene,® n-butyl acrylate,® acrylic
acid,” methyl vinyl ketone,® acrylo nitrile,® and
methacrylic acid!® were also studied by various
workers in the past few years. In our earlier paper, !
we determined the reactivity ratios of methacryl-
amide with ethyl methacrylate (EMA). In the pres-
ent investigation, reactivity ratios, thermal electrical
properties, and solubility parameters of EMA-AA
copolymer systems are studied.

EXPERIMENTAL

Ethyl methacrylate (Fluka) was purified from in-
hibitor by washing with 5% sodium hydroxide in
water, and dried over calcium chloride and distilled
twice under reduced pressure. Acrylamide was crys-

* To whom correspondence should be addressed.

Journal of Applied Polymer Science, Vol. 43, 1521-1525 (1991)
© 1991 John Wiley & Sons, Inc. CCC 0021-8995/91/081521-05$04.00

tallized from chloroform. 2,2’-Azobisisobutyronitrile
(AIBN) (Fluka) was crystallized from methanol.
N,N-Dimethyl formamide (DMF) (Qualigens) was
reagent grade product and was dried and purified by
distillation before use.

All experiments were performed in glass tubes
filled with dry monomers, solvents, and initiator.
The tubes were then sealed in a nitrogen atmosphere
and introduced into the thermostat at desired tem-
perature. The reaction was allowed to go for less
than 10% conversion, the reactions were stopped by
adding excess volume of water as nonsolvent, and
the copolymers were precipitated, washed thor-
oughly with ether and hexane to remove DMF and
unreacted monomer. Reprecipitation was done from
acetone solution. The total concentration was kept
constant at (1.6 mol/L monomers). The initiator
was used at 0.6 g/L solvent.

The IR spectra of the copolymers were recorded
with Perkin-Elmer model spectrophotometer.

'H-NMR spectra were recorded from CDClI; so-
lution using a EM-360 60 MHz spectrometer. The
glass transition temperatures, T,, of the copolymers
were determined by differential scanning calorim-
etry (DSC) at a heating rate of 8°C/min. Ther-
mogravimetric analysis (T'GA) was carried out using
a Dupont 900 thermobalance in air at a heating rate
of 8°C/min.

The integral procedural decomposition temper-
ature (IPDT)!? values were determined from a

1521



1522 SRINIVASULU, RAGHUNATH RAO, AND SUNDARAM

ppm {6 )
Figure 1 'H-NMR spectrum of EMA-AA copolymer.

mass-loss curve. The curve was divided into small
squares. The area under the curve was integrated
by weighing a paper of the curve on an analytical
balance. The mass of the cross-hatched region di-
vided by the mass of the total rectangular plotting
area was the total curve area, A*, normalized with
respect to both residual mass and temperature. The
quantity A* is converted to a temperature T'}:

T% =8T75A* + 25, (1)

where T} represents a characteristic end-of-vola-
tilisation temperature. Doyle showed that the prod-
uct A* K* represented a comprehensive index of in-
trinsic thermal stability by substituting A* K* for
A* in eq. (1). K* is the ratio between the doubly

Table1 Copolymerization of EMA—-AA

cross-hatched area and the rectangular area bounded
by the characteristic end-of-volatilisation temper-
ature.

IPDT = 875A* K* + 25. (2)

The AA content of the copolymer samples are
determined by Carlo-Erba Model 1106 elemental
analyzer to obtain data on the copolymer composi-
tion. The copolymer compositions were ascertained
from the AA content in the copolymers. The reac-
tivity ratio values for this system was estimated by
Fineman-Ross!® and Kelen-Tudos!* methods.

Dielectric measurements were made with GR
1620 A capacitance bridge in the frequency range
102-10% Hz and temperature range 30-110°C. Poly-
mer samples are taken in the form of pellets pressed
at a constant pressure. Aluminum foils are used on
either side of the samples to ensure good contact
and to remove the air gaps between the sample and
electrodes. The samples are dried before making
measurements. Temperature is measured using a
copper constantan thermocouple and a digital pan-
elmeter.

For determination of solubility parameter, the
viscosities were measured using a suspended level
dilution viscometer of ubbelohde type. The intrinsic
viscosity [ ] was evaluated at a single concentration
(1% ) from the flow time of pure solvent (t,) and
the solution (t) by the relationship***":

[n] = [2(¢/to — Ln(t/t;) — 1)]1V21/C,

where C is the concentration in g/dL.

RESULTS AND DISCUSSION

The IR spectra of the copolymers show a strong band
at 1,740 cm ™! due to carbonyl in ester groups and a

Copolymer Composition

Mol Ratio in Feed T,

Run [EMA]/[AA] N% [EMA] Mol % [AA] Mol % ©C)
1 1.686 2.26 82.7 17.2 76
2 1.024 3.02 77.5 22.4 79
3 0.857 3.32 75.4 24.5 81
4 0.743 3.82 72.2 27.8 83
5 0.542 5.12 63.9 36.1 90

Temperature, 60 + 1°C; AIBN, 0.6 g/L.
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Figure 2 TGA of EMA-AA copolymer (feed ratio
1.024).

strong band at 2,950 cm ™' from C—H stretching.
The strong band at 1,640 cm™! is due to carbonyl in
amide groups and 3,400-3,500 cm ™! is due to —NH—
stretching vibrations.

'H-NMR spectrum of EMA-AA copolymer is
given in Figure 1. In 'TH-NMR, —OCH, protons of
ethyl methacrylate appear at 3.7-4.3 4. 3-Methylene
protons appear in the region of 1.6-2.1 9, and «a-
methyl protons and CHz;— protons of alkyl part of
ester appear in the region of 0.9-1.3 3. Amide protons
of acrylamide appeared at 5.0-6.3 9. These signals,
characteristic of both monomers, clearly showed
their presence in the copolymer.

The composition of the copolymers formed with
varying feed composition was determined by nitro-
gen estimation (Table I). This datum was used for
the evaluation of reactivity ratios of EMA-AA sys-
tem by F-R and K-T methods.

The values of r, (EMA) and r, (AA) so obtained
were 2.70 + 0.01 and 0.11 = 0.01 by F-R and 2.74
+ 0.02 and 0.12 + 0.015 by K-T methods. For this
system, the value of r, is more than one, whereas r,
1s less than one. The product of r, and r, remains

Table II Thermogravimetric Analysis
of EMA-AA Copolymers

Temperature (°C)

Mol Ratio at Wt. Loss
in Feed DT IPDT
[EMA]/[AA] (°C) (°C) 10% 20% 60%
1.024 239 466.64 284 312.5 365
0.857 255 494.65 302 327.5 372
0.743 260 504.88 305 330.0 375
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less than unity, indicating that the copolymers are
weakly ordered with a predominantly random dis-
tribution of the monomeric units in the polymer
chain. The high value of r, indicates that the prob-
ability of EMA entering into the copolymer chain
is higher than that of AA. The copolymer formed is
therefore richer in ethyl methacrylate.

The glass transition temperatures (T,) of co-
polymer systems increased with an increase in
acrylamide content (Table I) in the copolymer. The
route cause for such an increase is probably due to
increased intermolecular interactions of amide
group.

A thermogram of EMA-AA copolymer is given
in Figure 2. TGA of the copolymer showed a single-
stage weight loss. The results of IPDT and the de-
composition temperature for various copolymer
compositions are summarized in Table II. Since
IPDT value is a measure of thermal stability of a
polymer, it is evident from the data that the IPDT
value increases with an increasing content of AA in
the copolymers results in an increase in thermal
stability. As the acrylamide content increases, the
decomposition temperature also increases at varying
percentage of weight loss.

Typical plot of ¢ and tan 8 against temperature
for composition 2 (Fig. 3) shows that initially ¢ and
tan J are unaffected by temperature up to 60°C. Be-
yond that region, both € and tan d increase. A peak
due to relaxation is observed in tan d, known as a-
relaxation, at 95°C in the rubbery state of poly-
mer.'®!® This temperature is higher than the glass
transition temperature for the polymer obtained by
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Figure 3 Typical plot of tan 9 and ¢ vs. temperature.
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Figure 4 Plot of tan d vs. temperature at different fre-
quencies.

any static method. At lower temperatures, molecular
chains are not only immobile but also tightly bound
at some points due to dipole-dipole interactions.?
As the temperature is increased, more dipole groups
are released and the mobility of polymer segments
increases.

Variation of tan d with temperature for copolymer
composition 2 was studied at five different frequen-
cies, namely, 2, 5, 20, 50, and 100 KHz (Fig. 4). Tan
d is found to shift toward higher temperatures with
increase in the frequency. The absorption maxima
are observed at 75, 80, 85, 91, and 95°C for frequen-
cies 2, 5, 20, 50, and 100 KHz, respectively.

Solubility Parameter of Copolymer

Analytical reagent grade solvents with solubility
parameters in the range of 9.1-10.6 (cal/cm?®)/2
were selected for viscosity measurements. The com-
position of the copolymer used was (77.5 : 22.4).
The intrinsic viscosity [7] and their dependence on
solubility parameter d of solvents are given in Table

0-60
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Figure 5 Plot of [n] vs. 4.

I1I. The solubility parameter?'-2 of polymer was de-

termined by measuring the intrinsic viscosity of the
polymer in different solvents. Then the intrinsic
viscosity was plotted against the solubility parameter
of the several solvents. Since chain conformation is
most expanded in the best solvent, the intrinsic vis-
cosity will be highest for the best match in solubility
parameter.

In the present study, the dependence of intrinsic
viscosity on the solubility parameter of solvents has
been used for estimating solubility parameter of the
copolymer. The intrinsic viscosity of the copolymer
solution attains optimum value when solubility pa-
rameter of the copolymer falls in the vicinity of that
of the solvent 8,. The solubility parameter of the
copolymer has been estimated by equating it to that
of the solvent at which [#] has the maximum value
in the plot [n] vs. 8 (Fig. 5).

The estimated value for this copolymer was 10.1
(cal/cm®)¥2 or [20.7 (J/m®) /2 10%].

Table III Intrinsic Viscosities [41] and Their Dependence on Solubility Parameter 9 of Solvents

Solubility Parameter

EMA-AA Copolymer

No. Solvent d (cal/cm®)*? [7] in dL/g
1 Tetrahydrofuran 9.1 0.535
2 Chloroform 9.3 0.550
3 Methylene chloride 9.7 0.564
4 Acetic acid 10.1 0.589
5 Acetic anhydride 10.3 0.572
6 Diethyl formamide 10.6 0.551
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CONCLUSIONS

In conclusion, we can state that T, values and ther-
mal stability have been found to increase with an
increase in the content of acrylamide in the co-
polymer. The dielectric constant and loss factor were
found to be temperature dependent. Tan d,,, of
these copolymers were found to shift toward higher
temperatures with increase in the frequency of the
electric fields.
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