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ABSTRACT

The radical polymerization of ethylacrylate by Amitene iodine charge transfer complex in DMSO &06fr 60
mins under inert atmosphere of nitrogen using ditatric technique was studied .The initiator andnoroer
exponent value are 0.5 and unity respectively. Sfstem followed ideal kinetics. The poymerizatias imhibited
in the presence of hydroquinone. The energy ofatbbn was 42.02 kJ. The structure of polyethylktey was
confirmed by FTIR!H-NMR, **C-NMR spectroscopy. The results are explained imgeof a radical mode of
polymerization with degadative initiator transféing principal mode of termination was bimolecular.

Keywords: Anthracene-lodine charge transfer complex, (AT.C.), degradative transfer agent, ethyl acrylate,
kinetics and mechanism.

INTRODUCTION

Among polyacrylates, polyethyl acrylate is a higmperature resistant elastomer and has a supesistance to
degradation. It has vast applications in loadirektites, finishing, paper restaurant, oil resistamd leather
finishing. Hence it has attracted a number of p@yehemists. Huttdrand Nandi polymerized ethyl acrylate and
studied the kinetics using AIBN as initiator. Sstavaet al®used stibonium ylide as an initiator in studyingeic
and mechanism of polymerization of ethyl acryléte, system followed ideal kinetics. Ylides contamhetroatom
like bismuth, antimony, arsenic, sulphur, phosphdrave been reported as initidtot retardet® and degradative
transfer agefit’ in polymerization of different vinyl monomers. Thim of present work is to study the applications
of A-I.C.T.C. in polymerization of ethyl acrylate.

MATERIALSAND METHODS

Experimental (M erck)

Ethyl acrylate was purified by washing with 4% NaOH and distilled water to mnalreaction and then vacuum
distilled. Purified solvent dimethyl sulphoxide andn solvent methonal were used. Anthracene iodimErge
transfer complex was prepared as reported in fitegH.

Polymerization procedure:

A solution containing ethyl acrylate (Merck) an@tA-1.C.T.C. in DMSO was injected into a dilatontegsipparatus
and the polymerization reaction was carried o@ilat 0.1°C for 60 mins under an inert atmosphere obgén. The
progress of reaction, was monitored as meniscusememt per unit volume per unit time, with the helpa
cathetometer, was converted into conversion. THenpr was precipitated with methanol was dried eostant
Wei%@t' The rate of polymerization fRvas calculated from the slope of the linear portof conversion versus time
plots™.
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The intrinsic viscosityr{) of the polymers, determined in benzene 30°C usmibbelohde viscometer, to calculate
the viscosity average molecular weigh{ With the values of the Mark-Houwink) = KM,%constant®

K =27.7 x 16 ml/g

a =0.67
RESULT AND DISCUSSION

Anthracene iodine charge transfer complex failedinitiate the polymerization of EA below 50°C. The
polymerization condition and results are summaripe@lable 1 to 2 and illustrated in (Fig.1-8). Tkiaetic studies
have been carried out by varying the concentraifol-1 C.T.C., EA and temperature.

The kinetic studies have been carried out by varyire concentration of AIBN, anthracene-iodine gearansfer
complex, ethyl acrylate and temperature. The reshibw that [A-1.C.T.C.] acts as a degradativesi@nagent. The
results are summarized in Table-I to 11l and Figso 16.

Effect of AIBN:

The effect AIBN on rate of polymerization JHs studied by varying its concentration from 1102 to 3.65 x 10

2 mol IMkeeping A-1.C.T.C, EA and temperature constant3a8% x 10° mol I}, 2.45 moles and 86 respectively
shown in Table-l and Fig.1. It is found that thderaf polymerization increases with increase irtiator
concentration as expected for free radical polymation. The order of reaction with respect to aidr calculated
from the slope of the plot Rvs. log AIBN is 0.5 (Fig.2). The induction periégl 2 to 8 minutes. The average
molecular weight increases with increase in corragioh.

Effect of [A-1.C.T.C]:

The effect of [A-.C.T.C.] on the rate of polymeation was studied by varying its concentration frdin92 x 1¢

to 65.78 x 16 mol I while keeping the [EA] constant at 1.84 mdi(Fig.3 and Table-Il). The polymerization was
associated with an induction period of 2 to 7 maésutThe percentage conversion and rate of polyateyiz
decreased with increasing [A-I.C.T.C.]. A plot ofl1/R, versus log [A-l.C.T.C.] Fig.4 is linear, the slopiewhich
gives the initiator exponent 0.6. The value iddithore than 0.5, as expected for ideal radicattiis. The plot of
1/M, vs VA-I.C.T.C. passes through origin Fig.5 which showadical polymerization with bimolecular
termination®. The values of K/k, as determined from the plot of 1/Mersus B(M)? (Fig.6) is 0.40 x 18.

Effect of [EA]:

Table-IV.6.2 illustrates the influence of the mor@mnon the rate of polymerization upon varying moeom
concentration from 1.22 motto 3.68 mol 1* with [A-.C.T.C.] constant at 43.85 x famol I'* (Fig.7). It is note
worthy that rate of polymerization is a direct ftino of ethyl acrylate. A plot of log Rversus log [EA] is linear
with monomer exponent as 1.20 (Fig.8). The polymation run are associated with an induction peab@ to 6
mins. This confirm the system follows non-idealetins.

Causes of non-ideality:

The value of initiator and monomer exponent suggtsit the system follows non-ideal kinetics. Tlreelc non
ideality can be explained by analyzing the roleddfC.T.C. as primary radical termination and defidve chain
transfer agent. Various explainatloi? for non-ideality in vinyl polymerization have begmoposed but with
limited success. It is now accepted that primadica termination and degradative chain transfer the most
important causes of non-ideality.

To analyze the effect of primary radical terminatisuitable modified expression given by Deb amydthoff®in
following form is used.

R? 2f kK> k R
logr—+—"— =log— " - 0.8684—""—x "
M) k ko <k, [M]

R

where | and M represent initiator and monomer cotre¢ion. A plot of above versuﬁ gave a negative slope
M

(Fig.9) indicating primary radical termination digethe initiator for the present system.

The following equation derived by D&mand later simplified by Ghosh and Mitavas used to examine the role of
A-1.C.T.C. as degradative chain transfer agent.
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Rs _ 2fkkak§_ ksxﬂ
Iog(l)(M)z—Iog O.434kt— ki/kp

where G is initiator transfer constant, the plot of abovgation versus I/M also gave a negative slope Bi
suggesting chain transfer reaction due t-1.C.T.C.].

I
xClM

The polymerization of few vinyl monomers initiatéy nitrogen and phosphorus ylide also ows non-ideal
kinetics due to primary radical termination and rdeigtive chain transfe

Effect of Temperature

The polymerization runs also carried out at 50°6%C5 60°C, 65°C and 70°C in order to evaluate gnefi
activation (Fig.11). The value calated from the plot of log , versus polymerization temperature is 42 kd™
(Fig.12).

Characterization of polymers

() Fourier Transfer Infrared Spectroscopy (FTIR):

The Fourier transfer infra red spectroscopy Figof3oly ethyl acrylate sho® a band of carbonyl stretching
vibration of the ester group at 17257, The band at 1025 ¢th3000 cm' appears due to-O-C stretching of ester
and aromatic phenyl respectively.

H-NMR: The H-NMR spectrur® shows (Fig.14) the ester methyl protons at 88m. The peak of methir
protons are observed at 2 ppm. Signals at 7-7.6 5 ppm corresponds to phenyl protc

B3C-NMR: The ¥®*C-NMR spectrum shov** (Fig.15) the carbon signals of —-¢BH, at 12.25 ppm and 3% ppm
respectively. The backbone methioarbon signals appear at 46 ppm. The resonance signals around 5 ppm
and 1725 ppm can be assigned t®€H; and >C=0 carbon in poly ethyl acrylate respecti

TGA: TGA curve (Fig.16) exhibits weight loss with terrmrr625’26. There are thredistinct steps of weight
loss. 28 - 27Pc = 6.07%, 274- 350PC = 19.8%, 354 - 45PC = 80%

Scanning Electron Microscopy: SEM report Fig.17 shows the absence of iodine émpiblymer mechanisi

MECHANISM
The quantitative test of iodine in tpolymer showed its absence. The FTIR spectrumditbaot show bands in tt
region, due to iodine at about 5007

A comparison of the FTIR of the polymer with thagpared in the absence of charge transfer compkh@as tha
the bands in the regienof 3000 cr* due to phenyl group is absent, which with the paymrepared in th
presence of charge transfer complexes shows théskiarthe region of 3000 ¢*. Further, the peak area due
phenyl protons ifH NMR spectrum is also observed whenpared in the presence of charge transfer compl
From these observation we can conclude that argheahas been incorporated in the polymer theretfioe
following mechanism has been propo:

Initiation

CN CN CN

CH;—C—N=N—C—CH; —> CHz;—C =1+ N,

CHj CHj CHs
CHj I CH,
[+HyC=C — (|:H2 — (|:
COOC,H;5 <|30002H5
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Propagation

. 18,
I—CH;=CH +
COOC,H;
l
[ —CH; — CH
COOC,Hy
Termination
H H H H
~w~CHs — (|3 + (|3 — CHy w~CH, — é‘ — (|3 — CHyw~
(lj =0 (IJ =0 &- 0 (IJ =0
O(|32H5 0(|32H5 0(|32H5 0(-!32H5

TABLE-I: Effect of concentration AIBN on therate of polymerization (Rp) of EA

Run No | AIBN x 107 | Conversion % Rx 10°
(mol I') mol I'* s*

1 1.21 6.7 1.96

2 1.82 7.5 2.12

3 2.43 8.6 2.49

4 3.04 10.5 3.10

5 3.65 11.4 3.60

[A-1.C.T.C] x 10° = 43.85 mol T
[EA] = 2.45 mol I,
Temperature = 60°G 1°C

Time = 60 mins.

TABLE-II:Effect of A-l C.T.C. concentration on the rate of polymerization (R;) of ethyl acrylate

Run No.| AL.C.T.C.x 1(° molI" | Conversion % Rx1C moll's'| M, -
1. 21.92 10.2 8.16 60432
2. 32.89 9.4 6.12 48556
3. 43.85 8.6 4.90 44791
4. 54.82 7.3 4.08 34120
5. 65.78 6.1 3.47 20036

[AIBN] = 2.43 x 10°mol I'*
[EA] = 2.45 mol I'*
Temperature = 6&0.1°C
Time = 60 mins.
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TABLE-III: Effect of ethyl acrylate concentration on therate of polymerization (Rp)

R, x 10°

Run No.| EA mol- | % Conversion 11 M, —
mol " s
1. 1.22 5.3 1.44 25991
2. 1.84 7.1 1.68 3583p
3. 2.45 8.6 4.90 44791
4. 3.06 9.8 6.37 68813
5. 3.68 114 9.81 98407

[A-l.C.T.C] x 10° = 43.85 mol
[AIBN] = 2.43 x 102 mol I
Temperature = 60°G 1°C

Time = 60 mins.

[AIBN] Variation
121 & =3.65x102 mol I
11 ® =3.04x102mol I'1 P

O =2.43x 102 mol I'?!
ol ™= 1.82 x 102 mol I!
A =121x1072 mol
9_
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Fig.1: Percentage conversion versustime plot for polymerization of ethyl acrylate.

[A-l.C.T.C.] = 43.85 x 10° mol I'*

[EA] = 2.45 mol I

Polymerization time = 60 mins.
Polymerization temp. = 60 +0°C.
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Fig.2 : Relationship between log R, versuslog [AIBN]
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Fig.3: Percentage conversion versustime plot for polymerization of ethyl acrylate.

[AIBN] = 2.43 x 10 mol I'*

[EA] = 2.45 mol I'*
Polymerization time = 60 mins.
Polymerization temp. = 60 +0°C.
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Fig.4 : Relationship between log R, versuslog [A-I.C.T.C]
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Fig.5: Relationship between 1/M, versuslog [A-1.C.T.C.]
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Fig.7 : Percentage conversion versustime plot for polymerization of ethyl acrylate.
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[A-1.C.T.C.] = 43.85 x 10° mol I'*
Polymerization time = 60 mins.
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Polymerization temp. = 60 +0°C.
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Fig.8 : Relationship between log R, versuslog [EA].
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Fig.9 : Relationship between log R,%/[I][M]? versus Ry/[M]?
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Fig.10: Relationship between log R,/[1][M]* versus|/M
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Fig.11: Percentage conversion versustime plot for polymerization of ethyl acrylate.
[AIBN] = 2.43 x 10 mol I'*
[A-1.C.T.C.] = 43.85 x 10° mol I
[EA] = 2.45 mol I
Polymerization time = 60 mins.
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Fig.13: FTIR spectrum of poly(ethyl acrylate).
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Fig.14 : *H-NM R spectrum of poly(ethyl acrylate)

200 150 100 0pp]

Fig.15: *C-NMR spectrum of poly(ethyl acrylate).
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Fig.16: TGA curve of poly(ethyl acrylate).
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Fig.17 : SEM analysisof poly(ethyl acrylate).
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CONCLUSION

The polymerization of ethyl acrylate initiated byBN using A-I.C.T.C. follows a non ideal kineticadical
polymerization due to degradative initiator tramsféth reinitiation. The activation energy is 42l
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