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ABSTRACT

A water-soluble poly (tetra(2-hydroxy-3-(methacytixy)propyl)benzene-1,2,4,5-tétracarboxylate-cogkaenide)
(poly (HMBC-co-AM)) has been synthesized by frediced polymerization of tetrafunctional methacrgat
macromonomer named tetra( 2-hydroxy-3-(methacrglogbenzene-1,2,4,5-tetracarboxylate (HMBC) and
acrylamide (AM) in THF solution at 80°C employedNlas an initiator. The HMBC was synthesized bydir
addition reaction between the glycidyl methacryl@®1A) and pyromellitic dianhydride (PMDA) in aca®in the
presence of Maghnite'Has a catalyst at room temperature (20°C). The MuighH™ is a proton exchanged
montmorillonite clay. The HMBC and poly (HMBC-ctAwere characterized by FT-IRH NMR and“*C NMR
spectroscopic technigques. The molecular weightspaiygdispersity index of the HMBC were determinegbleyed
gel permeation chromatography GPC. The thermallmis of the poly (HMBC-co-MA) was performed by
thermogravimetric analysis (TGA) and DSC.

Key words: Maghnite-H, Glycidyl methacrylate, Tetrafunctional methactglanacromonomer, Water-soluble
copolymer.

INTRODUCTION

Dimethacryaltes, trimethacrylates and tetrametHatery monomers are very interesting compoundsyfuthesis of
polymer materials. Indeed, the dimethacryltes marsnsuch as the Bis-GMA, triethylene glycol dimetiyéate
(TEGDMA) and urethane dimethacrylate (UDMA) aredigethe synthesis of polymers by photopolymeraafil,
2], as well as the trimethacrylates monomers agd ursthe synthesis of copolymers [3, 4].

The glycidyl methacrylate (GMA) was used in synthed several polymers and copolymers [5-11]. lis tontext,

a material, used for thermal energy storage, wathegized through the ring-opening crosslinkingtiea of poly
(glycidyle methacrylate) (PGMA) in the presencepofyethylene glycol (CPEG) [12]. A Dendritic GMARAM
macromonomers was synthesized by ring openingctiogaof glycidyle methacrylate and the dendron'-3,3
dimethyl-(4-hydroxyphenylazanediyl) bis(N-(2-amitiod)-2- methylpropanamide) (HPAM) [13].The bis
(glycidyl methacrylate) was synthesized by reactibglycidyl methacrylate with bisphenol A [14].

Pyromellitic dianhydride (PMDA) was used in manyeanfical reactions. Indeed, the direct additionctiea
between palygorskite and pyromellitic dianhydride de used for the synthesis of the ahydride-capexy resin/
palygorskite nanocomposites [15]. A various dianfdes was polymerized with 2-trifluoromethyl-4,4'-
diaminodiphenyl ether [16]. The pyromellitic diarnide was used in synthesis of the N-(4-trimethgisiphenyl)
pyromellitimide-N'-phenylacrylate[17] and in syn#iie of the soluble polyimides [18].
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Acrylamide (AM) is a monomer widely used in the obpnerization reaction with several monomers. ltised for
synthesized a new copolymer of N-[(tert-butylperpryethyl] acrylamide (tBPMAAm) [19], and for syntie a
novel alkaline anion-exchange membrane from poigy{valcohol)/poly (acrylamideco-diallyldimethylanonium
chloride) [20].

The Poly (dimethyldiallylammoniumchloride-co-acmylae)-graft-triethylenetetramine—dithiocarbamate
(PDCATD) was synthesized using dimethyldiallylamnoumn chloride, acrylamide, triethylenetetramine,
formaldehyde, carbon bisulfide and sodiumhydroxjd&]. Also, a novel water-soluble copolymers based
acrylamide were successfully prepared initiateddulox initiation system in an aqueous medium [22].

In this present work, we were interested in thettsssis of tetrafunctional methacrylate macromono(héMBC)

by grafting reaction of glycidyle methacrylate (GM#ith pyromellitic dianhydride (PMDA) at room teragture,
using a catalyst, non toxic, which can be recyded not polluting based on clay of the montmorilicntype
called Maghnite-Ai[23]. Thereafter, this HMBC has been copolymetingth acrylamide for synthesis of the poly
(HMCB-co-AM). Techniques of analysis, IRH NMR, *C NMR, TGA, DSC and the GPC are used for the
characterization and the determination of the stnecof HMBC) and of poly (HMBC-co-AM).

EXPERIMENTAL SECTION

Materials

Glycidyl methacrylate (GMA) (Sigma-Aser) was pueii by a column chromatography to remove the intribit
Pyromellitic dianhydride (PMDA) (Sigma-Aser) was rified by recrystallisation from the mixture of aice
anhydride and acetic acid at a volume ratio of AGylamide (AM), Tetrahydrofuran (THF) and acetomere used
as received. Raw-Maghnite, Algerian montmorillonitay was procured from “BENTAL” (Algerian Societf
Bentonite). Azobisisobutyronitrile (AIBN) was usad a free radical initiator.

Preparation of Maghnite-H

Maghnite-H was used as a catalyst in several studies in ¢iymerization and copolymerization of different
monomers [24-27]. It was prepared following to thethod described by Belbachir et al [28]. An anta20g
raw-Maghnite was crushed for about 20 minutes usingeramic ball grinder. It was dried for two hoatsa
temperature of 105°C to remove any traces of humidifter drying, the Maghnite was put in an Erlexyar
containing 500ml distilled water, then 0.23M suifuacid solution was added at once to the mixtuigghhite /
water and agitated by a mechanical stirrer for abso days at room temperature. After that, theerahpart of the
whole mixture was washed by distilled water urtibécome a free from sulfate and finally dried @5°C for about
2hours.

Synthesis of tetrafunctional methacrylate macr omonomer (HMBC)

The HMBC was synthesized by reacting a 3.5g @bsQ#20l) of GMA with 1.34g (0.00614 mol) of PMDA @the
presence of 0.7g of Maghnite“ldatalyst in a reactor containing 40 ml of acetaith continues agitation at
room temperature for about 72h. When the readsidimished, the mixture was filtered to remove ttatalyst and
the acetone was retrieved by rotary evaporator.dfiteined product was then purified by column chatography
filled with silica gel to remove unreacted monomérse final HMBC was yellow oily product at a yietd 62.14%.
The schematic representation of the HMBC synthieshown in Fig 1.
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(I) : Tétra(2-hydroxy-3-(methacryloyloxy)propyl) benzene-1,2,4,5-tetracarboxylate
(I1) : Tétra(1-hydroxy-3-(methacryloyloxy)propan-2-yl) benzene-1,2,4,5-tetracarboxylate

Fig. 1 Scheme of synthesisof HMBC
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Synthesis of poly (HMBC-co-MA)

The poly (HMBC-co-AM) was synthesized by a freeicaticopolymerization of HMBC and acrylamide (AM3g
(3.646mmol) of HMBC, 1.036g (14.57mmol) of AM andl.@mg (7.24.18mmol) of AIBN were added to a reactor
containing 50 ml THF. The reactor equipped witHwefcondenser was put in oil bath. The reactiontonx was
allowed to react at 80°C for about 6hours undetinanus magnetic stirring. After cooling, the pratiwas filtered
and washed by 3x50 ml of THF. Finally, the copolymas dissolved in distilled water and recrystaliby adding
THF. The Poly (HMBC-co-AM) was white powder at aelg of 68.37%. The schematic representation of poly
(HMBC-co-AM) is shown in Fig 2.
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Fig. 2 Scheme of synthesis of poly(HMBC-co-AM))

Characterization

The FTIR absorption spectra were recorded by an Watson FTIR N 9501165 spectrometer using the KBr
pressed disc technique. Measurements tf NMR and *C NMR spectra were conducted in DMSO
(dimethylesulfoxyde) solution for HMBC and in,O solution for poly (HMBC-co-AM), at ambient tempéure in

an AM 300 FT Bruker spectrometer using tetrametlayle (TMS) as an internal standard. Gel permeation
chromatography (GPC) of HMBC was performed with pe@ra-Physics chromatograph, equipped with four
columns connected in series and packed with Ujtragel 16, 1¢f, 1¢°, 1PA and tetrahydrofuran (THF) was used
as a solvent with flow rate of 1.5 ml/min. The tmsnent was calibrated by polystyrene samples afwkn
molecular weights. The thermogram of DifferentigbBning Calorimetry (DSC) was taken in an appliamoglel
Calorimeter DSC SETARME 92, from ambient tempematiar 200°C at a heating rate of 10°C/min underulneli
atmosphere with flow rate 20mL/min. Thermogravintetmalysis TGA of poly (HMBC-co-AM) have been sted

as a function of percentage weight loss at a hgatite of 10°C/min under nitrogen atmosphere wibhvfrate
20ml/min.

RESULTSAND DISCUSSION

Characterization of HMBC
FT-IR spectral analysis
The FT-IR spectrum of HMBC is presented in Fig. 3.

The FT-IR spectrum of the obtained product is imdy@agreement with HMBC chemical structure. Théaoayl
groups (C=0) and (C-O) bands, are observed respéctat 1700 and 1161¢hn The peak associated to C=C
double bonds was observed at 163%cifihe C—H symmetric and asymmetric stretching duéhe (-CH and —
CH,-) groups were observed around 2957crA large band at 3414 chrappeared in the spectra of HMBC due to
the hydroxyl group.
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Fig. 3 FT-IR spectraof HMBC
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NM R spectroscopic analysis
The'H NMR (DMSO-d;, 300 MHz) spectrum of HMBC (Fig. 4), shows theldaling resonance signals: (ppm):
7.8-8.2 (m, Ar-H), 6.0-5.6 (d, GHC), 1.95(s, -Ch), 3.8- 3.4 (s, OH), 4.2- 3.9 (d,-GHD, g, -CH-0O).
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Fig.4 H NMR spectra of HMBC in DM SO-ds
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Fig.5 *C NMR spectrum of HMBC in DM SO-ds
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The™®C NMR (DMSO-d, 300 MHz) spectrum of HMBC (Fig. 5), shows thddaling resonance signals: (ppm):
167.8 (G, -C=0), 135.8 (¢ =CH), 134.36 and 129.41(@nd G, C-Ar) respectively. 126.5 (CCH,=), 70(C,
CH,-0), 60 and 61.8 (G Cy (-CH,-, CH-O) respectively. 18.28 (G-CH).

Molecular weight deter mination
TheM, andM,, of HMBC was determined by gel permeation chromaphy (GPC) and it is shown in Fig. 6. The

polydispersity indexl\l\//ll:—W of the HMBC is 1.08.
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Fig. 6 GPC Spectrum of HMBC

Characterization of poly (HMBC-co-AM)
FT-IR analysis
The FT-IR spectrum of the poly (HMBC-co-AM) is ifitrated in Fig7.

The characteristic bands are: A large band wasrubd in the range of 3200-3400 trdue to (O-H and N-H
stretching). The carbonyl groups (C=0) band and QCbands, are observed at 1700‘cand 1600cni
respectively. The C-N stretching was observed 80&8i*. The C—H symmetric and asymmetric stretchingtdue
the (-CH and —CH-) groups were observed aroud@45cm”. The peaks associated to (C-N and C-O, stretghing
ware observed around 1388 and 1159 caspectively.
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Fig. 7 FT-IR spectra of poly (HMBC-co-AM)
NM R spectroscopic analysis

The 'H NMR (D,O, 300 MHz) spectrum of poly (HMBC-co-MA) is shown Fig. 8. It shows a following
resonance signalsd:(ppm): 8 (m, H-Ar); 4-3.4 (ester-GB, -CH-OH), 2.2 -1.6 (-CH-, -Cjland at 0.94 (-C}).
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Fig.8 *HNMR Spectraof poly (HMBC-co-AM) in D,O

The proton decoupled dfC NMR (D,O, 300 MHz) spectrum of poly (HMBC-co-AM) is shovim Fig. 9. The
observed peak values are as follovés;ppm): 179.44 (¢ Cy, Cyv), 128.49 et 129.46 (C G), 69.25 and 65.89
(Cy, ), 62.368 (G G and §) 41.57(G), 30.24 (GQ).
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Fig. 9 *C NMR Spectra of poly (HMBC-co-AM) in D;O

Thermal analysis

The thermogravimetric curve of poly (HMBC-co-MA) $hown in Fig. 10. TGA thermogram of poly (HMBC-co-
AM), is found to be similar to that of poly (AM-DMBAC-BA) copolymer [29]. Three regions of weighskbwere
observed. The weight loss was around 2.829% foifothie range of 20 to 150°C, corresponding to tregperation
of moisture [30-32]. The weight loss was about 2%6occurred in the range of 200 to 320°C, corredpw to the
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imine reaction of the amide group and the therneglodhposition of hydrophobic side chain [33, 30]eThveight
loss was around 55.85% occurred from 325°C andAipabout 490°C, the poly (HBC-co-AM) completely
decomposed.

100 1.0

158700 B
T ,?-.3-90

. 21.64%

S

C)

Weight (%)
Deriv. Weight (%

Temperature (°C) Universal V4.5A TA Instruments

Fig. 10 Thermal gravimetric curve of poly (HMBC-co-AM)

DSC measurements

The DSC thermogram (Fig. 11) has three peaks. if$tepak corresponds to the glass transition teatpes of the
copolymer. The J of copolymer is observed around 17°C. The secosak s observed about 65°c can be
attributed to the loss of THF and the melting terapge (Third peak) is observed around 139°C.
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Fig. 11 DSC curve of poly (HMBC-co-AM)
CONCLUSION

The tetrafunctional methacrylate macromonomer HVl3Gthesized is a very interesting product, it insidered
as an intermediate in different synthesis. It caremployed in the production of several types gfotgmers and
dental composites. The HMBC was successfully pegpdry the grafting reaction of pyromellitic dianhigid
(PMDA) on glycidyl methacrylate (GMA) at room tentature using Maghnite-Has a catalyst. Its purity was
confirmed by FTIR'H NMR and™C NMR spectroscopies. Polydispersity index of raamnomer were found by
GPC technique.
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Poly (HMBC-co-AM) is a water-soluble copolymer, iyasynthesized by free radical solution polymetiaa. It
can be used in several applications as an antiokida as an inhibitor of corrosion of metals. Itsrity was
confirmed by IRH NMR, *C NMR spectroscopy, and good thermal stabilityhef topolymer was found by TGA.
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