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ABSTRACT

The synthesis of N-[4-chloro-2-methyl phenyl] maleimide (CMPMI) was
described. The homopolymer of CMPAMI and copolymer with methyl meth-
acrylate (MMA) was synthesized by free radical copolymerization. The
homo and copolymers were characterized by solubility, intrinsic viscosity,
density, FT-IR and *H NM R spectroscopy. Thethermal properties of homo
and copolymer were studied by thermo gravimetric analysis (TGA).
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INTRODUCTION

Maleimide polymers have agood stability with
hightrangtiontemperaturesdueto thepolar five-mem-
bered imidering structure. One property of substi-
tuted maleimideistheir susceptibility to avariety of
chemical reactionsasaresult of the electron with-
drawing effect of the two adjacent carbonyl groups
in maleimidering, which create avery el ectron-defi-
cient double bond.

Most of thearomatic polyimides have one maor
drawback, their intractability in fully imidized form.
Furthermorethereare severa difficultiesin process-
ing due to insolubility!™™. Copolymerization of
mal el mideswith vinyl monomers providesthe possi-
bility of synthesizing higher and thermally stable poly-
mers. In addition to that the process ability of
mal el mide polymer can also be enhanced by thein-
corporation of moreflexibleunitswithin the polymer
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backbone?. During the past several years many re-
ports and researchesin thefreeradical copolymer-
ization of N-substituted maleimideswith variousvinyl
monomers have emerged®®. Maleimide based co-
polymers have been found to have versatile appli-
cationsin many industries ranging from aerospaceto
themicroel ectronicsfieldi*>23. The copolymerization
process can a so improve the polymer propertiesin
order to meet specific requirements.

The present paper reportsthe synthesisand free
radica homopolymerization and copol ymerization of
N-[4-chloro-2-methyl phenyl] maleimidewith methyl
methacrylate (MMA). It was observed that such poly-
mers have better thermal stability than the polymers
of vinyl monomers. The study of physical and spectra
properties hasbeen carried out in order to character-
izethe copolymer sample. Thethermal properties of
copolymer were investigated by thermo gravimetric
anaysis(TGA).
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MATERIALAND METHODS

Materials

4-chloro-2-methyl anilineand maleic anhydride
wererecrystalized from acetone. M ethyl methacrylate
(MMA) was shaken two to threetimeswith 5% NaOH
to eliminate hydroquinoneinhibitor then dried over an-
hydrous CaCl, for 6 hrsand distilled™. Thehead and
tail fractionswere discarded. Azobisi sobutyronitrile
(AIBN) wasrecrystallized twicefrom methanol prior
to use. Tetrahydrofuran (THF) waspurified by distilla-
tion after being refluxed for 2 hr in the presence of so-
dium. N, N-Dimethylformamide (DMF) and methanol
used for thiswork were of analytical grade and were
used asreceived.

M easur ements

H-NM R spectraof monomer and polymer samples
weretakenin DM SO-d, on aBruker DPX-200/DPX-
300 spectrometer at 200/300 MHz. Theinterna refer-
ence used was TMS. FT-IR spectraof the monomer
and polymer samplewererecorded on aShimadzu 8201
PC (4000-400 cm?) FT-IR spectrometer, using KBr
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pellet technique. Theviscosity measurementswerecar-
ried outin DMF at 30+0.2°C, using an Ubbelohde sus-
pended level viscometer. Thethermo gramsinar were
obtained on aMettler TA-3000 system, at a heating
rate of 10°C/min from 0°C to 600°C.

M ethods

Synthesis of N-[4-chloro-2-methyl phenyl]
maleimide (CMPMI)

CMPMI monomer was synthesized in two steps
from maeic anhydride, 4-chloro-2-methyl-anilineand
aceticanhydride.

Sep 1. N- (4-chloro-2-methyl phenyl) maleamic
acid (CMPMA)

A solution of maleicanhydride (19.62g, 0.2moal) in
DMFwasgradually added over aperiod of 10 minutes
to awd|-stirred solution of 4-Chloro-2-methyl aniline
(27.429,0.2mol) inDMF Themixturewasstirred for
2 hoursat room temperature. Theresulting solutionwas
poured into alarge amount of crushediceto precipitate
crudeCMPMA. Thecrudewasfiltered, dried and then
recrystallized from ethanol to obtain pure CMPMA in
85%yidd.

CH7COOH

CMPMA

4-chloro-2- methylanmne

Sep 2: N- (4-chloro-2-methyl phenyl) maleimide
(CMPMI)

A mixture of 23.9 g (0.1mol) CMPMA, 8.2g
(0.2moal) sodium acetate and 120 ml acetic anhydride
were stirred for 2 hours at 55-60°C. The reaction
mixture was cool ed and poured into large amount of
crushed ice. The obtained light yellow masswas ob-
tained filtered and dried at 60-70°C and then recrys-
tallized from methanol obtainingtheproductina75%
yield with mp 231°C. The purity and structure of the
monomer was ascertained by FT-IR and 'H NMR
spectra. FT-IR: 1777, 1718 (CONCO) 1391 (C-N),
952, 693 (CH=CH) cm™. 'H NMR (300 MHz, TMS,
DMSO-d,, 6 ppm) 6.95 (s, 2H, CH=CH); 7.52-7.59

(s, 1H in phenyl ring meta- to maleimido); 7.83-7.89
(d, 1H in phenyl ring meta- to maleimido); 8.10-8.26
(d, 1H in phenyl ring ortho- to maleimido); 1.3-1.6
(s, IH, Methyl group). Above data of FT-IR and *H
NMR spectrd andysisconfirmed thestructureof APM
MONOMeY.
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Homopolymerization of CMPMI

Radical homopolymerization of CMPMI (0.03
mol, 9.18 gm) were carried out using AIBN asafree
radical initiator in THF. Reaction mixturewasrefluxed
at 65°C for 24 hour. The homopolymer was isolated
by precipitationin methanol contaning water. The pre-
cipitated homopolymer PCMPM was washed with
methanol severd timesand dried inavacuumoven. A
summary of polymerization conditionsand physical
characteristics of homopolymer are presented in
TABLE 1.

Copolymerization of CMPMI and MMA

The copolymerization of CMPMI and MMA was
carried in THF using 25 mg AIBN as a free radical
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initiator at 65°C for 24 hours. The copolymer was pre-
cipitated in methanol-water mixture. The precipitated
copolymer CCMPM was filtered and washed with
methanol severa timesand then dried. A summary of
polymerization conditionsand physical characteristics
of copolymer arepresented in TABLE 1.
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TABLE 1: Freeradical homoand copolymerization of CMPMI and MMA
Polymer Feed mole fraction Polymerization ApDear ance % %
Code CMPMI MMA Time (h) PP Nitr ogen Yield

PCMPM 1.0 0.0 24 Yellow 6.21 24.1
CCMPM 0.5 0.5 24 Off White 4.23 30.2

RESULTSAND DISCUSSION

Solubility behaviour

TABLE 2 summarizesthereative solubility of ho-
mopolymer and copolymer samplein number of polar
and non-polar solventsat 30°C. Solubility behaviour in
thelater solvents depends on the composition of poly-
mer. Thesolubility of copolymer ismorethan homopoly-
mer inthe solvent taken. The solubility of polymer de-
pends on composition of polymer. In homo-polymer,
only malemideunitis present in polymer back- bone.
Duetorigidimidering, homo-polymer hasdifficulty in
solubilization in organic solvents. In copolymers con-
taining vinyl monomer unitin back-boneisnonrigid so
polymer iseasly solublein different solvents.

TABLE 2: Solubility behavior of PCMPM and CCMPM in
polar and non-polar solventsat 30°C.

Solvent PCMPM CCMPM
Acetone IS S
Dioxane IS S
THF S S
DMF S S
DMSO S S
Chloroform IS S
Toluene IS IS
Benzene IS IS
Hexame IS IS
Dichloromethane S IS
Ethanol IS IS
Methanal IS IS
Ethyl acetate IS S

S=Soluble, IS=Insoluble
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Physical properties

Thedensity, intrinsic viscosity [n] and molecular
weight of the homopol ymer and copolymer samplesare
listedin TABLE 3. Theva ueof n) depends on molecu-
lar weight aswell asonthesizeof polymer coil ingiven
solution. Thedensity of CCMPM islessthan water.

TABLE 3: Thelntrinsic viscosity, density and molecular
weight of CCMPM

Polymer Code  p(g/cm®)  mndllg  Mw (g/mol)
PCMPM 0.8782 0.202 5689
CCMPM 0.8437 0.187 21253

Spectral characterization

The FT-IR spectrum and 'H-NMR spectrum
(300MHzin DMSO- d,) of PCMPM are shown fol-
lowing peak and chemicd shift. Theabsenceof asharp
band at 950cm* and chemical shift a 7.08 ppm dueto
CH=CH inamonomer having avinyl group, hasshifted
to 3.1-3.5 ppmin the polymer*>1€ indicatesthefor-
mation of polymer viavinyl group polymerization. The
presence of absorption bandsat 1776 and 1714 cm't
dueto asymmetric and symmetric Sretchingof C=0in
thefivemember imideringindicatesthat theimidering
remainedintactin the polymerization.

Themajor characteristic absorption bandsare ob-
served at 3400- 3330 (broad, -NH stretch), 1770,
1709 (C=0 asymmetric and symmetric stretchinafive
member imidering and C=0 stretch of ester), 1633,
1547 (aromatic ring). These characteristic bands con-
firmthat unitsof both themonomersCMPMI and MMA
arepresent inthe copolymer samples.

The *H NMR spectra of the copolymer showed
thefollowing chemical shifts. Thed at 8.32-7.21 ppm
isof 1Ar-H, ortho- to N of imidegroup whileat 8.15-
8.01 ppmfor 1Ar-H, meta- to N-of imidegroup. The
o at 7.96-7.86 ppmisfor 1 Ar-H, meta- to N of the
imide group. The 6 observed at 3.6-3.9 ppm corre-
spondsto overlapping of 2H -(CH-CH) - inthe poly-
mer main chain and 3H (-OCH,) of MMA segment.
Thes intherange2.0-2.4 ppmisof 2H of methylene
group whileat 0.82-1.97 ppm for 3H of CH.,.

Thermal properties

Itiswell known that polymaleimideisapotential
heat and chemical resistant material, somaleimideis
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widely used asaco-monomer for modified polymeric
systems. Only single step degradation at temperature
of over 300°C was observed for polymaleimide in
TGA. Thethermo gramswereobtained by heating poly-
mersinair a 10°C/min. The results of percentage weight
losssuffered from 100°C to 500°C at 100 intervals are
summarizedinTABLEDS.

Theinitia decompositiontemperatureTi, tempera:
turefor maximumweight loss Tmax, and final decom-
position temperature T f of first and second degrada-
tionstepsaregivenin TABLE 4.

TABLE 4: Thermal behaviour of polymers

Polymer T Tmax  Ts Residue at 500°C
PCMPM 270 350 390
10%
390 450 590
CCMPM 230 310 360
5%
360 400 530

TABLE 5: Percentage weight lossof CCMPM at various
temperaturesfromthe TGA.

Weight loss (%)

Polymer
200°C 300°C 400°C 500°C
PCMPM 0.5 8 70 90
CCMPM 1 10 74 95

TABLE 4 revedsthat all homo and copolymers
showstwo stepsdegradati on and homopolymer shows
better stability than copolymers. Thefirst decomposi-
tion step occurred around 350°C, which may corre-
spondsto the decomposition of phenyl and aliphatic
akyl ester ssgment of MMA in copolymer. The second
stepisdegrading around 360°C, which may correspond
totherigidimidesegment of maleimideunitin polymer.
It’s indicating that thermal stability tends increase as the
maleimide content isincreased.

Theresultsof percentageweight losssuffered from
100°C to 600°C at 100 intervals are furnished in TABLE
5. The weight loss decreases with an increasing of
CMPMI content in polymers. TABLE 5 alsoreveals
that weight losswas bel ow t0 0.5-8% up to 300°C in
homo polymer and 0.5 -10% up to 200°C in both co-
polymer samples.

CONCLUSION

Free radical copolymerization of CMPMI with
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MM A hasproduced arandom copolymer. Theinvesti-
gate copol ymal el mides showsbetter physical proper-
tieslikeintrinsic viscosity and molecular weight than
homopolymalelmide. The copolymer show excellent
solubility inTHF, DMF, DM SO, Dioxaneand cyclo-
hexanone. Thethermal behaviour of homopolymer is
better than copolymer and other propertieslikeasin-
trind c viscosity, molecular weight, sol ubility of copoly-
mersisbetter than homopolymer.
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