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ABSTRACT

a—dazobisisobutyronitrile initiated radical polymeatzon of MMA in presence of naphthalene-
iodine charge transfer complex in DMSO at 65 +°G.Xor 2 hours under a nitrogen blanket,
follows ideal kinetics. Dilatometric technique ised to prepare the polymer. The overall
activation energy and average value gk are 32.37 kJ and 1.14 x 70 mol's ™ respectively.
The polymer has a viscosity -average molecular eigetween 23741-65285.The FTIR
spectrum of the polymer shows the presence of BaB610 crit and 1735 ci for the phenyl
group of the complex and ester stretchings of MMgpectively’H-NMR spectrum shows the
peak at 7.8 ppm and 3. @pm due to phenyl protons and ester group of MMpeetively. The
thermal properties of the polymer were investigalsd TGA technique. The TGA spectrum
shows the stability of polymer upto 260

Keywords. Kinetics, naphthalene-iodine charge transfer desp(N-1.CTC), methyl
methacrylate(MMA), mechanism.

INTRODUCTION

Polymer chemistry, a significant branch of orgachiemistry is expanding vigorously because of
unique properties of polymers such as being ligkight having an advantage of rigidity, impact
strength high temperature resistance etc. A seafchterature reveals that a number of
initiators[1-3] retarders[4], chain transfer agBr@] have been used in polymerization of methyl
methacrylate.Block Polymers[7],Coordination Polysj&},and Grafted Polymers [9]have been
synthesized and the kinetics has been studieg.Meently Ashrafi etal[10] have studied the
kinetics of 2-propanol by using nano catalyst. lle et a[11]reported dihydromyrcene and
isopropylbenzene as degradative transfer agentpdigmerization of vinyl acetate. Ferington
and Tobolsky[12] used disulphides and Harward & [&ion[13] used diazoaminobenzene as
initiators and degradative transfer agent. Sriaasiet al [14] reported B-picolinium-p-
chlorophenacylide as initiator and degradative df@mn agent for polymerization of methyl
methacrylate. However, the reports regarding the o$§ charge transfer complexes as
retarders/chain transfer agents are still scarce.
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An important trend now a days in polymer chemisgyto synthesize the polymers with
controlled molecular weight. Present article iscaut come of such efforts in this direction to
synthesis the polymer of MMA in presence of AIBNdaN-1.C.T.C.] acting as initiator and

chain transfer agent respectively.

MATERIALSAND METHODS

Methyl methacrylate was washed with 4% NaOH salufiadlowed by distilled water and then
distilled by vacuum before polymerization. The solts were purified by usual methods[15]. The
initiator a,a’'—azobisisobutyronitrile (AIBN) was recrystallisediter from methanol (m.p.—102°C)
followed by drying under vacuum were used.

The charge transfer complex of naphthalene andéodias prepared[16] by dissolving 0.005
moles of naphthalene and 0.005 moles of iodine immum amount of ether. On evaporation
the complex was formed.
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NP

Naphthalene iodine charge transfer complex

M. P. = 64.5C
Colour = Dark brown
Yield = 84%

Polymerization Procedure

A solution containing MMA with naphthalene iodinkacge transfer complex in the presence of
AIBN was carried out in a dilatometric apparatugg{llary diameter 3 mm; Capillary length 6
cm and bulb capacity 3 ml). The polymerization ruvexre carried out for 120 mins at 65°C
under an inert atmosphere of nitrogen. The polymas precipitated with methanol, and was
dried to constant weight. Rate of polymerizatiorswalculated from the slope of linear plot of
percent conversion versus time[17].

Measurements. Viscosity average molecular weight (Mof the polymer was determined in
benzene at 30 + 1°C with an Ubbelohde viscometeéh whe valieés of Mark—Houwink
constant[18] using :

(n) = k[(M\)* where k = 5.2 x T8anda = 0.76].

Characterization

The polymers were characterized by FTIR;NMR and thermo gravimetric analysis (TGA).
FTIR was recorded with a Perkin-Elmer 59913 in Hiobmethane!H-NMR spectra were
recorded with Varian 100 HA JOEL LA 400 spectrometsing CDC} as solvent and
tetramethylsilane as internal reference. The TG#snwere carried out using V 5.1 DuPont 2100
analyzer sample weight 10 mg and heating rate p@f@ninute.

Kinetics of homopolymerization:
The polymerization of MMA was performed in a dilatetric apparatus (capillary diameter, 2
mm, capillary length 8 cm, bulb capacity 3 ml) iméthyl sulphoxide at 6& for 120 mins
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under the atmosphere of nitrogen. The progresseopolymerization reaction was monitored as
meniscus movement per unit volume per unit timeabyathetometer. The volume contraction
data was converted to percent conversion by mgségh. The homopolymer were precipitated

with methanol and dried to constant weight.

Kinetics of free radical polymerization has beeadstd by varying the concentration of (N-
I.C.T.C.), (AIBN) initiator(s), (MMA) monomer(s) ahtemperature. The results are illustrated in

Table—I - lll and Figs.1 to 14.

TABLE-I: Effect of [AIBN] on homopolymerization of MM A in presence of [N-1.C.T.C.].

Run No.| AIBN x 10° (mol'h) | (%) conversio Rx1Q° (moltsh) | M,
1. 1.21 3.6 1.95 3962
2 1.82 4.5 2.23 4528
3. 2.43 5.8 2.60 7212
4, 3.04 6.2 3.13 8623
5 3.65 8.0 3.91 9165

=W © O O1

[MMA] = 3.13 mol I'*
[N-I.C.T.C.] =52.49 x 10° mol I'*
Polymerization time = 2 hrs
Polymerization Temp. = 650.1°C

TABLE-II: Effect of [N-1.C.T.C.] on homopolymerization of MMA in presence of [AIBN].

TABLE-I1I: Effect of [MMA] on homopolymerization of MMA in presence of [AIBN] and [N-1.C.T.C ]

©
Elén [N-1.C.T.C.] x 10° (mol I'") | (%) conversion ?lfnglll'?) M,
1. 26.24 9.2 3.65 65283
2. 39.37 8.6 3.13 54523
3 52.49 6.2 2.34 41650
4 65.61 5.4 2.08 32721
5 78.74 3.6 1.56 28560

[MMA] = 3.13 mol I*
[AIBN] = 2.43 x 10 mol I*
Polymerization time = 2 hrs,
Polymerization Temp. = 650.1°C

6
Run No.| MMA moles| (%) conversion R, X .110.1 M,y
(mol I"s%)
1. 1.88 4.6 0.94 23741
2 2.50 5.1 1.66 29574
3. 3.13 6.2 2.60 35696
4, 3.76 7.6 3.76 45350D
5 4.38 9.3 5.84 52136

[AIBN] = 2.43 x 10° mol I'*
[N-I.C.T.C.] =52.49 x 16 mol I'*
Polymerization time = 2 hrs
Polymerization temp. = 6% 0.1°C
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[AIBN] Variation

12 © =3.65x102mol I
1L @=304x 102 mol I

O =2.43 x 102 mol I
ol ® =1.82 x 102 mol I

A =121x102 mol I
9 L
8r (S

% conversion
(0)]
1
©
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Time (mins)

Fig.1: Percentage conversion ver sustime plotsfor homopolymerization of methyl methacrylate.
[N-1.C.T.C.] =52.49 x 16° mol I'*

[MMA] = 3.13 mol I*

Polymerization temp. = 6% 0.1°C

Polymerization time = 120 mins.
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Fig.2: Relationship between log R, and log [AIBN] for polymerization of MMA.
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Fig.3: Percentage conversion versustime plotsfor polymerization of methyl methacrylate.
[MMA] = 3.13 mol I
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[AIBN] = 2.43 x 10 mol I'*
Polymerization temp. = 6% 0.1°C
Polymerization time = 120 mins.
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Fig.4: Relationship between 1/log R, and log [N-I.C.T.C ].
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Fig.5: Relationship between 1/M,, and R,,/[M]zfor polymerization of MMA.
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[MMA] Variation
12 ® =4.38 mol I
1k ® =3.76 mol I!
0O =3.13 mol I'!
10k W =250 mol I'!
A =1.88 mol I'
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Fig.6: Percentage conversion versustime plot for polymerization of methyl methacrylate.
[N-I.C.T.C.] =52.49 x 10° mol I'*

[AIBN] = 2.43 x 10 mol I'*

Polymerization temp. = 6% 0.1°C

Polymerization time = 120 mins.
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Fig.8: Percentage conversion versustime plot for polymerization of methyl methacrylate.
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Fig.7: Relationship between log R, and log MMA.

Temp. Variation

® =348K
i ® =343K
O =338 K
i W =333K
A =328K

20 40 60 80 100 120

Time (mins)

[N-1.C.T.C.] =52.49 x 16° mol I*
[AIBN] = 2.43 x 102 mol I
[MMA] = 3.13 mol I'*
Polymerization time = 120 mins.

Pelagia Research Library

26



A.Varshney et al

Adv. Appl. Sci. Res,, 2011, 2 (5):19-33

Transmittance [%0]

0.7
06
051
(o]
+ 04r
Q.
04
D N2t
(@) v.J
0.2
01
28 2.8529 295 3.0 3.05
log 1/T
Fig.9: Relationship between log R, and log 1/T.
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Fig.10: FTIR spectrum of polyMMA (Run no. 3).
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Fig.11: *H-NMR spectrum of polyMMA (Run no. 3).
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Fig.12: TGA curve of polyMMA (Run no. 3).
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Fig.13: SEM photograph of polyMMA run no. 3at magnification x 3000.
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Spectrum: MMA Range : 10 kev
Cursor = 5.230keV 4cnt Total Cnts = 15828 Linear Auto- VS= 548

200 +

Fig.14: SEM report of run no. 3.

Effect of AIBN:

The effect AIBN on rate of polymerization {Rs studied by varying its concentration from 1.21
x 102 to 3.65 x 10° mol [Pkeeping N-I.C.T.C, MMA and temperature constanb2a#9 x 10°
mol I, 3.13 moles and 86 respectively shown in Table-1 and (Fig.1). lfdend that the rate
of polymerization increases with increase in indtraconcentration as expected for free radical
polymerization. The order of reaction with respicinitiator is calculated from the slope of the
plot R, vs. log AIBN is 0.5 (Fig.2). The induction peried2 to 8 minutes. The average molecular
weight increases with increase in concentratioAIBN.

R, o [AIBN] °°
Effect of [N-1.C.T.C.]:

The effect [N-I.C.T.C.] on rate of polymerizatioR,} is studied by varying [N-I.C.T.C.] from
26.24 x 1 mol I'* to 78.74 x 18 mol I'* (Fig.3) keeping the AIBN and MMA constant at 243
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102 mol I'* and 3.13 moles respectively Table-1V.3.2. The pafereaction with respect to N-
|.C.T.C. calculated from the slope of the plot @/I&, vs log [N-I.C.T.C.] is 0.8 (Fig.4). The plot
obtained is linear. The exponent value obtaineadirsy higher than 0.50 expected for a simple
radical polymerization of mutual bimolecular tertilon[19]. It is observed that as the
concentration of [N-1.C.T.C.] increases the peragetconversion and the rate of polymerization
decrease. Further, the induction period is 4-16smiiis indicates that the [N-1.C.T.C.] acts as
a chain transfer agent. The average molecular weigh) of the polymer also decreases
gradually as the concentration [N-I.C.T.C.] inc&sashgzlkt calculated from the plot between
1/M, against R[M]? (Fig.5), is 1.12 x 16 mol I s*.

Effect of MMA:

The effect of [MMA] on the rate of polymerizatioralfle-3 has been studied by varying [MMA]
from 1.88 to 4.38 mol keeping [AIBN] and [N-I.C.T.C.] constant at 2.431¢° mol I* and
52.49 x 16 mol I'* (Fig.6), respectively. It is observed that witke ihcrease in concentration of
MMA the percentage conversion and the rate of pelymation increases. The induction period
is 2 to 14 minutes. The average molecular weiglsb ahcreases with the increase in
concentration of methyl methacrylate. The plot lewlog R vs log [MMA] is unity (Fig.7).

R, o [MMA] *

Effect of Temperature:

The polymerization runs were also carried out ffeBf, 60°, 65°, 70° and 75°C to evaluate the
energy of activation because no polymerization oeclibelow 55°C (Fig.8). The energy of
activation calculated from the Arrhenius plot is32kJ (Fig.9).

Characterization of polymers:

The FTIR spectrum[20] of the polymer (Fig.10) shdvesids at 3010 cthfor phenyl group of
the complex. The ester stretching was observed3% tni’. The C-H deformation band was
observed in the region 1325-1450temd C-O-C stretching band was observed in the megio
1110-1270 cr.

'H-NMR spectrum[21,22] shows (Fig.11), the followipgaks and confirms the structure of the
polymer. We observed the methyl protons in the eaoy0.8 to 1.00 ppm. The signals in 1.4
range can be assigned to the hydrogen in the polipaekbone. Signals at 3®ppm and 7.&
ppm correspond to the ester group (—QCdi MMA and phenyl protons (—dEls) respectively.

Thermogravimetric Analysis.
The TGA curve for the polymer (Fig.12) exhibits glai loss with temperature[23]. The stability
of polymer is upto 25tC. There are three distinct phases of weight loss.

1. The decomposition of the polymer started from 195°C

2. The weight loss of about 11% was observed in tmgeal20-250°C. This may be
attributed to the loss of absorbed water.

3. The weight loss of about 85% was in the range ZEI’G and appears to be due to
extensive degradation of the polymer backbone chain

Scanning Electron Microscopy:
The picture (Fig.13) shows single phase morphol®bg. SEM report (Fig.14) indicates the absence
of iodine in the polymer. The absence of iodine alas confirmed by a qualitative test[24].
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MECHANISM

The FTIR spectrum of the polymer shows no bandhia tegion 500 chi due to iodine
confirming the absence of iodine in the polymer @mtfirming the band of phenyl group in the
region 3000 crt thus confirming the incorporation of phenyl graafmaphthalene.

The above findings are also confirmed by tieNMR spectrum. Therefore the following

mechanism has been proposed.
16
\\\ 5t
+Ip —> “ + HI

CN CH L3

CH; —C—CHy —C  + |

NS ~
CH3 COOCH3 RN
CN CH3 o
CH; —C—CH; —C
CHj COOCH;3
CONCLUSION

Polymethyl methacrylate has been synthesized a fadical solution polymerization using
AIBN/N-I.C.T.C. observing naphthalene iodine chargansfer complex as a chain transfer
agent. The molecular weight of the polymers areenkesl in the in the range 28560-65283. The
mechanism was elucidated with the helgtléfNMR and FTIR Spectrum. The thermal analysis
showed the stability of polymer upto 250°C.
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