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ABSTRACT

Thisarticle describes the synthesis of homopolymer of N-benzylmaleimide
monomer and copolymer with MMA in THF solvent using AIBN as afree
radical initiator. Prepared homopolymer and copolymer sampleswere char-
acterized by FT-IR, 'H-NMR, N elemental analysis, solubility test, and intrin-
sic viscosity. The thermal stability was determined by TGA techniques.

Molecular weight of polymerswas determined by GPC.
© 2008 Trade ScienceInc. - INDIA

INTRODUCTION

Aromatic polymaeimidesand thelr derivativesshow
higher excellent therma stability dueto maleimideunit
present intheir backbone. These providethe polymers
with superior mechanica andthermd stability. Although
mal el mideundergoeshomaopol ymerizationwith greet dif-
ficulty, it copolymerized quitereadily with avariety of
vinyl monomers?¥.

Generdly aromatic polyimideshavefound many ap-
plications aslike high temperatureinsul aors, coating,
adhesive and matricesfor high- performance compos-
iteg?4,

Most aromatic polyimides generated by the ther-
mal solid phaseimidization show insolubility, which
make processing difficult. These undesirable proper-
tieslimitsthewider gpplicationsof thepolyimides, are
duetotheir chainrigidity aswell aspoor defined mo-
lecular architectures. Addition types of polyimides
were devel oped mainly to overcome processing dis-
advantages>*l.

Many authorshave been studied the N-Substituted
ma emidesand observed that ma emidepolymersshow
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excdlent thermally stability 9. At present thereisacon-
Siderableinterest not only inthe synthesis of new type
of polymers, but asointhemodification of commodity
polymersin order toimprovetheir propertiesto meet
requirementsfor new applications.

Inorder to investigate the possibility of obtaining
better polymersfrom N- Substituted maleimides. Here
wereport thehomaopol ymer of N-Benzylmaemideand
itsand copolymer with Methyl methacrylatein THF
solvent usinganAIBN asafreeradical initiator. The
polymer sampleswerecharacterized by IR, *H-NMR,
solubility test and thermo gravimetricandysis.

EXPERIMENTAL

Materials

Maleic anhydride (SDH, AR) wasrecrystallized
from chloroform.Ailineand benzyl aminewasused af-
ter distilled. Azobisisobutyronitrile (AIBN, Wilson
Laboratory) wasrecrystallized from methanol prior to
use. Tetrahydrofuran (THF),N,N- Dimethylformaimde
(DMF) wereused after ditillation.
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M easurements

H-NMR spectraof homopolymer and copolymer
samplesweretakenin DM SO-d, on aBruker DPX-
200/DPX-300 spectrometer at 300/400 MH,. FT-IR
Spectra of the polymer samples were recorded on a
Perkin Elmer IR Spectrometer using aK Br pell et tech-
nique

Theintringicviscosity () measurementswere car-
ried out in DMF at 30°C by Ubbel ohde suspended
level viscometer. Thetemperature was controlled by
thewater thermostat. Weight average mol ecular wei ght
and Number weight average of the homopolymersand
copolymerswere determined by gel permeation chro-
matography technique using THF asamobile phase
and polystyrene asastandard***3. Thermogravimetric
anaysiswascariedoutinair at aheating rate of 10°C/
minutes by means of amettler TA-3000 system.

Methods
Prepar ation of N-benzylmaleimide (NBMA)
N-Benzylmaleamicacid

Benzylamine(10.88ml, 0.1mal) and Mde canhydride
(9.8gm, 0.1mol) weretakenin 30ml DMF solvent. The
solution stirred for three hours at room temperature.
Solution poured in cool water and obtained whitesolid
precipitated. The product wasfiltered, dried and re-
crystdlized from ethyl acohol to obtained pureform of
NBMA. Yield 90%, m.p. 98°C.

N-benzylmaleimide (NBMA)

N-Benzylmaleamic acid wastaken in DMF sol-
vent and treating with conc. H,SO,and P,O... The so-
lution kept for stirring three hours at 65°C. Solution
poured in cool water or ice water to obtain thewhite
colour precipitated of NBMI.The precipitate wasfil-
tered and dried. NBMI wasrecrystallized from ethyl
alcohol solvent. Theyield was 70%, M.P. 99-100°C.
The purity and structure of the monomer was deter-
mined by Elemental analysis, IR, *H-NMR study.
IR(KBr) v cm? 3075(Aromatic-H stretch), 1775,
1709(Symmetric and asymmetric stretch of C=Oina
five member imide ring), 1586, 1509, 1466 (C=C,
Aromatic), 1329, 1309(C-N stretch) and 952, 908
(CH=CH), '"H-NMR (400MH,,TMS) DMSOd,, &
ppm: 7.15(s, 2H CH=CH), 5.6(s1H,CH,), 7.52,7.78
(m, 5H phenyl).
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N-Benzylmaleimide (BMI)

Synthesisof homopolymer of N-Benzylmaeimide
was carried out in THF solvent using AIBN asafree
radicdl initiator at 65°C. Thereaction mixturewasre-
fluxed for 48 hours. The prepared polymer wasiso-
lated in excessquantity of methanol water mixture. The
crude polymer was purified by dissolvingin THF and
repredi pitating from amethanol water mixture. Thepre-
cipitated polymer PBM were washed with methanol
severa timesand dried at 60°C under vacuum. The
homopol ymer was synthesized on different timeand
percentageyield aregivenin TABLE 1.

O/I/iNlO __ABBN l J\ k Jn

| L0
CH, THF/65"C,

12,24,36,hours

Synthesisof copolymer

Inegquimolar amount of NBMI and MMA, solvent
THF was taken and free radical initiator AIBN was
takeninround bottom flask fitted with reflux condenser
at 65°C on 48 hours. The copolymer CBMM was iso-
lated by methanol water mixture. The crudeform of
polymer was purified by dissolving in THF and
repreci pitate from amethanol water mixture. Thepre-
cipitated copol ymer werewashed with methanol sev-
eral timesand dried at 60°C under vacuum. The nine
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TABLE 1: Polymer code, yield, physical stateand colour of

homopolymers

Polymer code Time(hrs) Yield% State Colour
12 19.17  Solid  White

PBM 24 25.64 Sol?d Wh@te

36 2748  Solid White

48 39.45 Solid White

TABLE 2: Polymer code, Yield, physical sateand colour of
copolymers

Polymer code Time(hrs) Yield% State Colour
12 24.25 Solid ~ White

CBMM 24 39.91 Solid ~ White

36 47.25 Solid  White

48 53.45 Solid ~ White

TABLE 3: Copolymersof BM1 with MM A (Time12hrs. ini-
tiator AIBN)

Polymer Feed mol vidd

code ratios % State Colour
CBMM NBMI:MMA
CBMM 1 1.9 35.9 Viscousliquid White
CBMM 2 2:8 34.4 Viscousliquid White
CBMM 3 37 37.1 Solid powder  White
CBMM 4 4:6 38.6 Solid powder  White
CBMM 5 5:5 39.0 Solid powder  White
CBMM 6 6:4 40.0 Solid powder  White
CBMM 7 7:3 41.1 Solid powder  White
CBMM 8 8:2 42.0 Solid powder  White
CBMM 9 9:1 45.0 Solid Powder White

copolymer samplesusing different feed ratio of comono-
merswere synthesized and physical propertiesare de-
scribedin TABLE 3. Thecopolymersweresynthesized
indifferenttimeandyield aregivenin TABLE 1. Reec-
tion schemesisgiven above:

RESULTSAND DISCUSSION

1. Effect of timeon yield

Thehomopolymerizationand copolymerizationwere
carried out in THF solvent at variestime. Theeffect of
yiddwithtimeisgiveninTABLES1and 2. TABLES
revealsthat theyield of polymerswasincreased with
increasing of time.

2. Solubility behaviour

—= Pyl] Peper

TABLE 4: Relativesolubility of monomer, homopolymer and

copolymer at 30°C

Solvents NBM| CBMM PBM
THF S S S
DMF S S S
DMSO S S S
Dioxane S S S
Acetone S S S
Chloroform S S S
Ethyl acetate S S S
Benzene S S IS
Toluene S PS IS
CcCl, PS IS IS
CH,Cl, PS S S
Ethanol S S S
Methanol S S IS
N-Hexane IS PS IS
Cyclohexanone PS PS IS
Xylene S PS IS
1-Butanol IS IS PS
2-Butanol IS IS PS

TABLE 5: Thephysical propertiesof Homopolymer and co-
polymers

Polymer code  Solvent  Temp. [n] Mw
HBMI DMF 30°C 0031 5675
CBMI DMF 30°C  0.062 25581

Thesolubility of investigated homo and copolymer
samplesisgivenin TABLE 4. Theinvestigated homo
and copolyma emidesshow excdlent solubilityin THF,
DMF, DMSO, CHCl,, dichloromethane, acetoneand
Cyclohexanone.

3. Physical properties

Some of the physical propertiesof polymerswere
investigated. Intringic viscosity[n] of polymersismea
sureof hydrodynamic volume and dependson themo-
lecular weight aswell asonthesize of the polymer coil
inagiven solution. Thevauesof intrinsc viscosity[n]
were carried out in DMF solution at 30°C, using an
Ubbelohdeviscometer. Thevaueof intrinsic viscosity
of homopolymer and copolymer aresummarizedintable
5. Tablerevea sthat the viscosities of homopolymer
arelessthan ascomparative copolymer. Themolecular
weight of homo and copolymerswere determined by
GPC and average molecular weight isgivenin TABLE
5. Thechromatogram of polymersisgiven below and
indicatesthat molecular weight of homopolymer isless
than that of copolymer.

4. Spectral characterizations
The FT-IR spectrum and *H-NMR spectrum
——,  M@Cromolecules
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Figure3: FT-IR spectraof CBMM

(300MHzinDMSO- d,) of PBM areshowninfigures
1 and 2. The absence of asharp band at 952cm and
chemicd shift 6 at 7.15 ppm dueto CH=CH inamono-
mer having avinyl group, such asmonomer NBMI,
indicatestheformation of polymer viavinyl group poly-
merization314,

The presence of absorption bands at 1784 and
1714 cn dueto symmetric and asymmetric stretching
of C=0inthefivemember imideringindicatesthat the
imidering remained intact in the polymerization. The

Macromolecules

Figured: *H-NMR spectraof CBMM

imidegroupisa so confirmed from the bands observed
at 1466(Ar- N stretch), 1372(C-N stretch), 1195 (C-
N-C) and 772 cm™.

The FT-IR spectrum and *H-NMR spectrum
(300MHzin DMSO- d,) of CBMM areshowninfig-
ures 3 and 4. The 6 observed at 7.15 ppm due to
CH=CH inthemonomer has shiftedto 3.4-4.1 ppmin
the polymer, asaresult of theformation of asemi flex-
ible poly (substituted methine) -[ CH-CH] - group™.
The broad peak at 7.0-8.1 ppm correspondsto 5 Ar-
H.

Themaor characteristic absorption bandsare ob-
served at 1779, 1714 (C=0 symmetric and asymmet-
ric stretchinafivemember imidering and C=0 stretch
of ester), 1597, 1512 (aromatic) and 1191 (C-O-C of
ester). These characteristic bands confirm that units of
both the monomersNBMI and MMA arepresentin
the copolymer samples. The*H NMR spectraof the
copolymer showed thefollowing chemicd shifts. Thed
at 7.1-7.84 ppm of Aromatic hydrogen.. A 6 observed
at 4.87 ppmis2H in-CH, of benzyl segment. The 6
observed at 3.4-3.9 ppm correspondsto overlapping
of 2H -(CH-CH)- inthe polymer main chainand 3H (-
OCH,) of MMA segment. Thed intherange0.84-2.4
ppmisof 2H of methylene group and 3H of -CH...

6. Thermal properties

Thetherma behaviour of thesynthesized homopoly-
mersand copolymerswereinvestigated by TGA. The
TGA Curveof PBM and CBMM isshowninfigure5
and 6. Theinitid decompositiontemperature, tempera
turefor maximumweight lossand final decomposition
temperature of homopolymer and copolymersare sum-
marized in TABLE 6. Theresultsof percentageweight
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TABLE 6: Thermal behaviour of homopolymaleimidesand
copolymaleimides

TABLE 7: Percentageweight lossof homo and copolymer at
varioustemper aturesfromthe TGA

Polymer code  Ti Tma T¢ Residueat,550°C  Polymer code 200°C 300°C  400°C  500°C  550°C
PBM 200 400 550 26.21 PBM 4.29 % 39.96 % 95.89 % 96.05 % 96.30 %
CBMM 190 300 550 3.70 CBMM  4.96 % 50.35 % 67.59 % 71.60 % 73.79 %
S
E
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D
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BT N1

2

Temperature(°C)
Figure5: TGA curveof PBM

Weight (%)

Temperature(°C)
Figure6: TGA curveof CBMM

loss suffered from 100°C-600°C at 100 intervalsare
furnishedinTABLE 7.

The TGA results indicate that the homopoly
ma e midesaremore stable as compareto copolymal el
mides. Thisis due to in homopolymers only single
maemidesunitinvolved whilein copolymersboth units
areinvolved in backbone. The TGA results showed
that the decomposition temperatureincreased with the
increasing the content of substituted N-benzylmadeimide.

CONCLUSION

Synthesis, through freeradically, homo polymer of
NBMI and copolymer of NBMI with MMA hasbeen
investigated. The investigated homo and
copolymal eimides show excellent solubility in THF,
DMF, DMSO, CHCl,,, dichloromethane, acetoneand
Cyclohexanone. Thecopolymer showshigher intrinsic
viscosity and molecular weight than homopolymer. The
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elementd anadysisdataand FT-IR and *H-NMR spec-
tral dataconfirmedthestructureof polymers. Homopoly-
mer show excdllent thermd stability then copolymer but
other property isimproved in copolymerization.
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