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ABSTRACT

In this research, 2- hydroxyethyl methacrylate ramdcopolymers with co-monomer methyl methacrylsiig4),
molar ration (1:1) is synthesized in the demethyiimid by free radical polymerization in presenceAdBN at
temperature of 65-70 C Then 2-hydroxyethyl methacrylate random copolgnaee modified by bonding on 3, 5-
dinitrobenzoic acid polymer and modified in preseraf DCC and DMAP. DCC plays a fundamental role in
organic chemistry and it is used as activator agdrophilic agent in decomposing of the organic compls. One
of the main methods in esterification is bindingafbodiemid which in acid and alcohol reaction de¢o presence
of DCC and DMAP as catalyst. The results show byaforming 3, 5- dinitrobenzoic acid bond on tr@ymer
since chains a set of new polymers with new pragsedre formed which can be used in polymer ingusidely.
The primary and reactive structures of polymer hbgen confirmed in each step by techniques H-NMRT ®and
FT-IR.

Keywords: 2-Hydroxy Ethyl methacrylate, 3, 5- di nitro berzacid, chemical modification and dynamic
mechanical thermal analysis (DMTA).

INTRODUCTION

Hydroxyl Ethyl methacrylate (HEMA) (Figure 1) is ®rof the most important functionalized monomerg tha
colorless liquid with a melting point of- 12 and a boiling point of 20 at the laboratory temperature and it is a
kind of hydrophilic monomers. Many studies and aesbes have been done on physical and chemicat e of
monomers and polymers and applications of thesgnmpaik. It is fat-soluble monomers and used extehsiin
medicine and pharmacy. Copolymers formed from tbeamers are soft and elastic. Pure monomer of 2rakyl
Ethyl methacrylate with a purity of 99% is produtgsMerck Company and it is available to researsher

o
O”&/DH

Figure 1. The chemical structure of 2-Hydroxy Ethylmethacrylate (HEMA)

This monomer has two active and substantial ceéhégrare as follows:

1. Presence of Alcohol bond in this monomer malassible the esterification reaction without chaggim vinyl
double bond and new monomers have ability to perfilve polymerization after reaction.

2. Ability to prepare of copolymers is possible &ese of having a vinyl double bond and this synshpslymers
can also do the esterification reaction with agiith a good yield.
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The advantages of acrylic factors (vinyl) and atdloah monomer can be used as follows:

1. An acrylic body with a functional alcoholic gas a side chain in resultant polymers and haviagy
applications in industry.

2. Easy control of chemical and physical propesiash as viscosity and glass transition temperatupelymer

produced.
3. Binding of HEMA monomer to propylene and usalabhol factor ability in the preparation of polyno@vers.
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Figure 2. Reaction of HEMA with methacrylate’s growp

2-Hydroxy Ethyl methacrylate monomer due to theohtd group (CH20OH) can be performed the esterificat
reaction with different acids without changing imw double bond. 2-Hydroxy Ethyl methacrylate reéaic

(HEMA) with different acids such as 5-Aminosaliaylacid, diclofenac, ibuprofen, salicylic acid isrfioemed for

the esterification of alcoholic group. These adidse medicinal properties. The esterification rieacin HEMA

monomer is applicable under some specific conditiifitConditions are not suitable, other reactioas occur. The
esterification of a carboxylic acid can be donehvditcohol derivations in the presence of basinofadne of these
basins is Dicyclohexylcarbodiimide (DCC), whichdsnverted to Di Cyclohexyl Urea (DCU) in the prosexf

reaction. To speed up this mechanism is requirdatde catalyst such as dimethyl amino pyridine (BR), a

solvent for used to perform of reaction is dimetbyrhamide (DMF). Temperature distance that reastiare
performed, is between 0 to 20 ° C [1].Therefor,méontrol of conditions, we can provide a statugeact of
alcoholic groups from HEMA with different acids afarmed new bonds of carbon with oxygen. In thiseggch,
random copolymers of 2-hydroxyethyl methacrylatéhviomonomer methyl methacrylate (MMA), molar rafio

1), is synthesized solvent dimethylformamide by hodtof the polymerization of free radicals in thegence of
Azobisisobutyronitrile (AIBN) initiator at 65-70 €Then, 2-hydroxyethyl methacrylate copolymer camindified

by binding 3 and 5 di nitro benzoic acid in polynaad in the presence of DCC and DMAP.

2. Theoretical Principles and research background

2.1. Carbon — oxygen bond formation

Acid reacted with DCC to create a bond betweenaraemd oxygen to form the esterification bond betwalcohol
and acid and then the resultant compound reacts altohol. As a result of this reaction, precigtatf Di
Cyclohexyl Urea (DCU) was created and it is remofrech environment by smooth out of soluble [2]. Manism
of this process is shown in Figure 3.
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Figure 3. Reaction Mechanisms of acid derivative wh alcohol in the presence of DCC

Babazadeh and his colleagues have examined bimfimgidic factor in different drugs that we notexd some
examples about it. He had done in a research, rgndiuprofen with 2-hydroxyethyl methacrylate (HEMA
monomer and he has been studied modified monomemaedicinal properties. Then, he polymerized bylifiex
2-hydroxyethyl methacrylate again with 2-hydroxygtmethacrylate monomer or butyl acrylate and agdenew
compounds with medicinal properties [3].
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Figure 4. Ibuprofen binding to HEMA

Another example is binding of 5-Aminosalicylic acidonomer to HEMA. He polymerized this monomer of
modified with Acrylate commoners and they providegnpounds with a new properties [4].
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Figure 5. Binding 5-Aminosalicylic acid to HEMA

2.2 Glass transition temperature, (Tg)5]:

Transition or transfer of glass is a phenomenonhdha be seen in amorphous linear polymers sugolggstyrene)
or poly (methyl methacrylate). This phenomenon apgened in a specific temperature when mass ofriaiate
being breakable and frangible, and their hardnessedses and increases in rubber status. In gtemssition
temperature, many of the physical properties isnghd, such as thermal expansion coefficient, hapgdity,
coefficient of dispersion, impact mechanical resise, and electrical properties. All of these fezglare depends
on degrees of molecular motion relative freedonpotymer and each of them can be used to deterrmimglass
transition point. Unfortunately, in some cases, tésultant values by different methods are veryedght. An
example of this difference is Tg measured for faigthyl methacrylate) by using dilatometry methoe. showing
changes in volume) 110° C and it is obtained byrreelasticity method, 160° C. Glass transitionrgmena can be
studied considering nature of this changes in eiipetemperature. When a material is heated upthie
temperature, molecular rotation around the simpleds will done easily. Many factors are effectimehis kind of
rotation which also effects on amount of glassyngition temperature. Individual mobility of each lyuer
molecule is important and factors influencing iorgasing or decreasing in this mobility will caushfferences in
the amount of Tg. In addition, interactions betwgefymer molecules will caused limitations and dpeson the
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mobility of molecules and tg, respectively [6]. Snmmary, the following factors are effective ingga transition
temperature:

1. Presence of groups binding to main polymer gsititeir existence increases required energy foreoubé
movement around the simple bonds in main chains Jituation will be seen in branches and sidershai

2. Presence of rigid structures in the main brafaholecules such as phenylene groups.

3. Crosslinks

4. Hydrogen bonds between the polymer chains.

5. Relative molar mass that is effective on Tgcéuse whatever molar mass is higher, molecular lityolsi more
difficult and , it will be provide more limitations comparison with the polymers of low molar mass)

6. Presence of emollients.

Effect of these factors will be seen In Tg valuesofme polymers. Some of the values are present@abie 1,
along with a brief explanation of effective caseglte relative amounts of the transition tempegatur

Table 1. Glass transition temperature of some ppiners

Polymer T,(C) effective cases
Poly(ethylene) -20 Flexible main chain
Poly(propylene)  +5 preventing CH groups from free rotation
IPVC +80 Strong polar intermolecular attractions
PTFE +115  Very difficult main chain

2.3- Dynamic mechanical thermal analysis (DMTA) [7]
Measuring of mechanical properties of materialbdsis of dynamic mechanical thermal analysis, wihey are
under alternating tensioRor this purpose, two commonly methods are used:

One of them is free or optional oscillation andesthne is mandatory oscillation. Optional osciiattechniques is
including use of force to a sample and allowingtsascillation after the force transmission. Matadg oscillation
is including use of continual force to a samjplast method is the most common method for use.

DMTA allows to user to view of elastic and inelasthaterial and Information on changes in cuttind elasticity
rate will be achieved with changes in modulus desge DMTA is also used to determine of glass ttimsi
temperature. Glass transition temperature is medsay DSC technique. But DMTA technique is the nsestsitive
method to measure of glass transition temperafurexample of a graph is shown in Figure 6.

In DMTA technique, material can determined in terofisnmodulus of elasticity, viscosity, damping beloavand
glass transition temperature and changes in thassmeters with strain, strain rate, temperaturefesgliency of
the oscillator. Elastic and viscous tensions iateal to properties of materials through the rafisteess to strain
(modulus). Ratio of stress to elastic strain isechthe elastic modulus (storage or E modulagsg ratio of stress to
viscous strain, is called the viscous modulus (&vast modulus E ").Glass transition temperature onesmsent is
determined by DMTA with regard to the elastic madubnd peak dependent on the éagraph. (The ratio of
viscous modulus to the elastic modulus is calledd)aTand = E "/ E 'which is measure of ability of damping
material.
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Figure 6. An example of a DMTA graph
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2.4. Chemical modification of 2-hydroxyethyl metharylate polymers:

2-hydroxyethyl methacrylate polymer can be preparedwo methods of the radical polymerization ar t
esterification through a double bond. These polgmmodification happens by the esterification inoaldic part.

These polymers have variety of applications in s8tdy medicine and pharmacy. The importance ofepedymers
is because of the functional alcoholic group wipcbvides possibility of further modification of gwher structure

9.

We have mentioned some examples of this researoh. modification of this polymer has been studiedhwi
salicylic acid in external article. First, Homopoigr is prepared from HEMA monomer and this homopely
reacts with chlrostyle chloride and they have bemdlification the resultant combination with salicyhcid. This
amendments follows by spectroscopy of FT-IR and\NIMR and 13C-NMR [10].

H JH 0
’ ‘h* L :
R B R R BT o B
iH, <|:H3
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0—(CH);—0—C—CH;Cl + Na'0—C ——=  0—(CH,),—0—C—CH;0—C 4 NacCl

P

R N

[ "-’--]—on [';-;-'-- J-ou
N S

Figure 7. HEMA polymers synthesized with salicyliacid

Another research group, first, modified HEMA monaméth alkoxysilyl compoundsand then polymerized HEMA
monomer with the resultant combination and reaetitd a monomer containing Cuban which makes polyazea
grid [10].
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Figure 8. Preparation of cross-linked polymers coratining alkoxysilyl group

Another example can mentioned that is the polyraéom of HEMA monomer with acrylate comonomer and
modifying it with Diclofenac drug [12].

o $H= ’F
! AIBN / DMF
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T

Poly(HEMA-co-BMA): X=CH, , Y=COO(CH.}.CH.
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Figure 9. Modification of HEMA copolymer with Diclofenac

2.5. Carboxylic acids

Carboxylic acids is a class of organic compounds dme or more carboxyl functional groups can hdbin them.
MethanoicAcid is the simplest and most familiar of ethanadid. Light carboxylic acids (up to 4 carbon atom®
as well dissolved in water. But solubility of themwater is low with increasing the carbon chaingth, so that
most of them are actually insoluble in water. Casfio acids are weak acids and the number of thetecules
gives its acidic protons to water molecules becafisissolving in water and it quickly reaches tu#ibrium state.
Examples of 3, 5- carboxylic acids is 3,5-Dinitrabeic acid that we noted to some features of them.

2.5.1. Generaldescription of 3, 5-Dinitrobenzoic acid
3,5-Dinitrobenzoic acid is a colorless crystallioempound (seen white). This combination is also ohéhe
simplest aromatic carboxylic acid. This combinatisra weak acid, which its salts are used as faedguvatives.
Also benzoic acid is used in making most of othrgaaic compounds.
OH
AN O

c=

O2N NO2

Figure 10. Structure of 3,5-Dinitrobenzoic acid
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Table 2. Physical and chemical properties of 3, 5ibitrobenzoic acid

Molecular formula CH:N20g

Molar mass \4A/\vg/mol

Form Solid
Melting point \yys°C

2.6. The Esterification reaction

The Esterification reaction is the first and oldsghthesis reaction method of esters and organds agith the
alcohol in the presence of mineral acid (usuallylfigic acid) as a catalyst. With this method, van directly
synthesizeof many esters , this method is called Fisher react

H,SO,
Alcohol + carboxylic acid ——————® ester + HO

Dicyclohexylcarbodiimide is used for synthesizirfgester in new methods.

2.7. Dicyclohexylcarbodiimide (DCC)

2.7.1. General description of Dicyclohexylcarbodden

Dicyclohexylcarbodiimide is like a yellow solid abom temperature which is insoluble in water bugatsily
dissolved in soluble organic solvents such as digifetrmamide, tetrahydrofuran, dichloromethane.

e

Figure 11. The chemical structure of Dicyclohexyladodiimide (DCC)

Table 3. Physical and chemical properties of Dicyehexylcarbodiimide (DCC)

Molecular formula|  CisHzN,
Molar mass 206.33g/mol
Melting point 34-35 °C

DCC as a sluice and an activator factor is forroheatic carboxylic acid for preparation of esteesBarch findings
suggest that DCC makes active in slowly and quiedlyditions the esterification of the first and @ed alcohols.
While the third type of efficiency is very low incahol [13]. DCC is a combination with a strongeafjen property.
Recently they have been suggested that the conurinat N, N- Diisopropylcarbodiimide (DCI) that isot an

allergen, can be used. Therefore, it is bettestoai DCC under the hood.

N

N=C=N

Figure 12. Chemical structure of Diisopropylcarbodimide (DCI)

2.7.2. Synthesis of Dicyclohexylcarbodiimide
We can noted to some DCC preparation methods ifotloaving ways.
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Figure 13. Synthesis of Dicyclohexylcarbodiimide

2.8. Di methyl amino pyridine (DMAP)
2.8.1 General description of Di methyl amino pymili
Dimethyl amino pyridine as a white to yellowish stglline powder that is insoluble in water.

—~—
N
—

—

- -

Figure 14. Chemical structure of Di methyl amino pyidine (DMAP)

Table 4. Physical and chemical properties of Di mayl amino pyridine

Molecular formula C7HicN;
Molar mass 122.17 g/mol
Form Powder
Melting point 110-113 °C

DMAP is a nucleophile catalyst that is very suitafadr the esterification reactions. This combinaf® used in the
synthesis of drugs and polymers. DMAP is producethfpyridine in two stages.

3 @N L» @N«@N Cl + @N;H Cl

NH
/

\ +
/N <</:\>N + </ \N—H Cl
Figure 15. Synthesis of Di methyl amino pyridine

3. Research methodology

Our purpose in this study, modifying physical pndigs of copolymers of 2-hydroxyethyl methacrylate-
comonomer methyl methacrylate, and changes oflt#ss gransition temperature of primary polymer.Brapon of
HEMA copolymers have been reported in scientifipgra, but modified of polymers does not happen ®it#nd 5

di nitro benzoic acid. Modification of these polyrmés done by the esterification of alcohol groufhwarboxylate
group and binding on the polymer as lateral graupresence of DCC.

Solvents and chemicall materials were purchasenh fkberck Company. 2-hydroxyethyl methacrylate (HEMA)
with a purity of over 99% of the Mark Company antthes monomers were purchased from Merck Company.
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Identification of products is done by infrared spescopy methods (IR) and 1H-NMR. FT-IR spectraBoyker-IR
Scientific and SHIMADZU devices and 1 H-NMR specbw Bruker 400 MHz device have been done in pure
deuterium solvents (CDCI3 or DMSO-d6). Chemicalftsfd) is presented in units of parts per million (ppm).
DMTA thermograms is recorded by Triton, Tritec20@0del, in nitrogen atmosphere condition and at T ger
minute.

3.1. Preparation of methacrylate Copolymer and theireaction with 3 , 5 -di nitro benzoic acid

3.1.1. Preparation of copolymer (2-hydroxyethyl mdtacrylate-co-methyl methacrylate) with molar ratio of ;.;

In a 100 ml balloon, 1/0 grams of AIBN initiator.gémmol), 2.6 grams of 2-hydroxyethyl methacrylatenomer
(HEMA) 2.6 g (20 mmol), and 2.002 grams of metmgdthacrylate comonomer ( MMA) (20 mmol) in 20 ml of
DMF solvent dimethylformamide was solved, the snhie DE oxygenation under nitrogen gas and privedtibe
of calcium chloride (CaCl2) is protected from maoist, Then the solution was stirred in the oil bath48 hours in
70 ° C and the resultant viscous solution was mbaedrop by drop in a container containing 15Ccaidl ethyl
ether while stirred continuously by magnetic stir@nd gradually copolymer sediment of 2- hydroxyéth
methacrylate was formed.

Polymer deposits is isolated by overflowing of thigd ether, and the resultant sediment is washeg again with
diethyl ether, and it was dried under vacuum camiat room temperature and the final product weiseous solid
and weightof the resultant copolymer is 3 grams and the i@achare is 65%. The formation of copolymer is
proved by IHNMR, FT-IR spectra.

CH; CH;

Hy | Hy |
—(—C—C—)—(—C—C—)

Y

C|30CHZCHZOH LOCHs
|

3.1.2. Preparation of copolymer (2-hydroxyethyl médtacrylate - methyl methacrylate) containing of 3, 5di
nitro benzoic acid

In a balloon with two opening, 0.936 g of 3, 5nitro benzoic acid (6.7 mmol), 1.56 g of di cyclahae ethylhexyl
carbo di imide (6.7 mmol), 0.095g of Di methyl-amirpyridine (0.7 mmol) was solved in 10 0 ml of
dimethylformamide DMF, balloon is cooled up to -&;and then 1 g of the resultant copolymer wasodigd in
10 ml of DMF, droplets was added by Brom ampouledatents of the balloon at this temperature fohauor.
Brom ampoule is under nitrogen gas and protectibe {Guard Tube) of calcium chloride. The reactiaxture
was stirred with extremely force for an hour at penature of -5 ° C and it slowly warmed to room pemature.
Then,contents of the balloon was stirred at roampterature for 24 hours. They smooth it becauseeptifation of
white yellowish sediment N, N -Di Cyclohexyl UreBQU) from modified polymer. Finally, under filtepkition
was added as drop by drop in 150 ml of distilledenaGradually precipitate of polymer was formedhat bottom
of container. In order to washing unreacted acluks resultant sediment was washed again twice 5@tl diethyl
ether and it was died for 48 hours at room tempegatnd one hour under vacuum condition. The weifffinal
product was 1.25 gram and the reaction share w#s Bhe formation of copolymer is proved by IHNMR;-FR
spectra.

CH, CHs CH;
H2 | H2 | HZ |
—(—C—C—)x ( C—$ )y (—C C—)3;
COCH,CH,OH COCHZCHZO\C o OCH;
I I =
O O
02N NO2
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4. Research findings

4.1. The preparation conditions of 2-hydroxyethyl nethacrylate copolymer with methyl methacrylate

2- Hydroxyl ethyl methacrylate monomer (HEMA) anetinyl methacrylate monomer (MMA) are polymerized in
presence of AIBN initiator and Dimethyl form amidelvent. The resultant copolymer is collected lywshnd
intense commix in anti-solvent of cold diethyl atlaed then washing several times by diethyl ethatried under
vacuum condition and at the laboratory temperat(frggre 16).

CHs | AIBN, DMF
H,C=C + H,C=C 70°C, 48h
COCH,CH,OH (|:=O
O O0—X
CHs Y
/ H2 / \ [ H2 I \
C C C C ]
\ \ /R |
COCH,CH,-OH c=—o0

o)

Poly (MMA-co-HEMA): X= CH, Y= CH;
Figure 16. Preparing method of methacrylate copolymr based on 2-hydroxyethyl methacrylate

4.1.1. Study of HNMR and IR spectrums synthesizedpolymer before binding of 3, 5- di nitro benzoic aid
4.1.2. Study of IR copolymer (poly (HEMA-co-MMA)

For study of copolymers prepared by IR spectruntcdpolymer IR spectrum (poly (HEMA-co-) synthesizied
observed wide strip of (OH) in 340 @mareas. Symmetric and asymmetric stretching vibmatiof (CH) bonds of
aliphatic are observed in 2953 ¢mand 2996 c . Stretching vibration of carbonyl groups are 636732 crit
that appeared peak in lower absorption frequenc{Cof O) is unreacted monomer that is because dfdgen
bonds effects with OH group which reduces the giigor of carbonyl group. Stretching vibrations (§-6f their
esterified is appeared in 1024 ¢tm up to 1277 ci areas.

4.1.3. Study of HNMR spectrum of copolymer poly (HE1A-co-MMA) in CDCI3 solvent

In spectrum of this copolymer (HNMR), hydrogen’€Kk) in 0.34-1.3 ppm and peak of hydrogen’s of Methgle
group (-CH -) are appeared in 1.6-2.3 ppm areas that (CH8y@imonomers have overlap to each other. Proton of
(OH) is appeared in 2.8- 3.1 areas. Peak in 3.7 ppga shows (O-CHl hydrogen.Peaks of 3.8-4 ppm and 4- 4.3
areas shows (-CH) bonds related to (HEMA) monomer. Peak of 7.2 mhows CDCI3 solvent protein.

4.2. Binding of 3, 5- di nitro benzoic acid to methcrylate copolymer

For binding of acid to copolymer and the esteaificn reaction, 1 gram copolymer, 0.936 gram 3di5nitro
benzoic acid are reacting in presence of Di cyctghearbodi imide and Dimethyl amino pyridine. (Bgiseen
precipitate of white to yellowish Di cyclohexaneear(DCU) is indicative of the reaction). In thistined, produced
copolymer is added as drop by drop to the acidigtism and catalyst. The reaction is done at a enatpre -5 ° C
(Figure 17).
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Figure 17. Binding of 3, 5- di nitro benzoic acidd methacrylate copolymer

After the reaction, the acidic polymer product epdsited in distilled water. For washing unreadeitls, we are
washing again sediment twice by diethyl etherhia process, extra acid is washed and separatedpiotymer.

4.3. Study of binding IR and 1 HNMR spectrum of 35- di nitro benzoic acid to synthesized methacrylat
copolymer

4.3.1. Study of 1 IR spectrum copolymer poly (HEMAeo-MMA) containing of 3, 5- di nitro benzoic acid
Presence of peak in 3502 ¢rarea is related to unreacted alcoholic group (Qhd} its value decreased from
baseline of appeared peak in 3111'cmea from aromatic ring (C-H) that showed of remctiSymmetric and
asymmetric the stretching vibration of aliphatimtle (CH) in 2936 cth and 2858 cris shown. Appeared peak
in 1734 cn frequency is related to ester carbonyl group (C)=Appeared peak in 1628 Enarea is related to
Benzene ring (C = C) and appeared peak in 1546armd 1344 cmis related to (NO2) group oBenzene ring that
it shows of reaction.

4.3.2. Study of 1 HNMR spectrum of copolymer polyHEMA-co-MMA) containing of 3, 5- di nitro benzoic

acid groups in CDCI3 solvents

In 1 HNMR spectrum copolymer poly (HEMA-co-MMA) ctaining of 3, 5- di nitro benzoic acid has not been
completely disappeared of (OH) hydrogen peak inppi® area. Because some groups of (OH) is notaéadith 3,

5 -di nitro benzoic acid, peak of benzene ring bgén has been appeared in 7.8-9.2 ppm area. Begeible of
this peaks is a reason to proof of binding of 3dBritro benzoic acid to copolymer.Peaks of priyn@€H) is not
changed from its original location and it has appdan 3.5 — 3.9 and 4-4.3 areas.

4.4. Solubility test of synthetic copolymers
Solubility of synthesized polymers before and alfftieding of 3, 5 -Di nitro benzoic acid and aftee testerification
is summarized in tables 5 and 6.Results show liesset polymers are soluble in Polar aprotic solvents

Table 5. Solubility of synthesized copolymers in ffierent solvents

Solvent Poly(HEMA-co-MMA)
Chloroform -+
Di ethyl ether -
Water -
Acetone +
Ethenol -
DMF ++
DMSO ++

++ (Soluble), - (insoluble), - + (less soluble)
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Table 6. Solubility of synthesized copolymers wit8, 5 -Di nitro benzoic acid in different solvents

Solvent Poly(HEMA-co-MMA)Iso nicotinic acid
Chloroform ++
DMF +
Water -
Methanol -

++ (Soluble), - (insoluble), - + (less soluble)

4.5. Solubility tests of 3, 5- Di nitro benzoic adi
Solubility of 3, 5- Di nitro benzoic acid in diffent solvents is summarized in table 7.

Table 7. Solubility of 3, 5- Di nitro benzoic acidn different solvents

Solvent Chloroform | DMF | Methanol | Diethyl ether| Water
3,5 Di Nitro Banzoeic acid ++ ++ -+ ++ -
++ (Soluble), - (insoluble), - + (less soluble)

4.6. Study of DMTA curves in copolymer synthesized

Study of the thermal behavior of copolymer contagnof 3 and 5 di nitro benzoic acid were perforrbgdusing
DMTA and heating rate of 10 ° C per minute. DMTAna of copolymer synthesized can be seen only a
temperature of Tg that indicate of absence of hatyoper mixed in copolymerization system. Tg tempana of a
random copolymer in which HEMA is copolymerized lwihethacrylate monomers, is higher than other memsm
Because presence @f methyl groups on the copolymers main chain oétypvas leading to reduce of flexibility of
the polymer chains. As a result temperature ofsTigéreased. Benzene ring in polymers is causedcagase in the
rigidity of polymer and also it cause an increas@& ¢ temperature.

The rate of increases of Tg temperature of polyrhassincreased because of modification of 3, Hitdd benzoic
acid with getting larger of substitution of alkyster group in methacrylate’s monomer.Because witheases of
space prevention, possibility of the esterificatadralcoholic group is low by acid. Increasing af ®mperature can
be seen after binding of benzene ring to this gopetl in the methacrylate’s copolymer, because hmpdif
benzene ring (because of esterification reacti®chused an decrease in chains mobility and itechas increase in
Tg temperature of modified polymer. We will haveass to new polymers with completely modified Tgnpoand
it has a great important based on new applicatibtisese polymers.

Table 8. Glass transition temperature of polymers

N T4(°C) of polymer before binding of T4(°C) of polymer after binding o
Name of combination 3 ,5- di nitro benzoic acid 3 ,5- di nitro benzoic acid
Poly(HEMA-co- MMA) 50 110
CONCLUSION

The result of this research is modification of gieysical properties of 2- hydroxyethyl methacrylptdymers and
methylmethcrylate copolymer, also in next step rficaliion with3,5- dinitrobenzoic acid and changearhperature
of primary polymers glass transition. The modificatof these polymers was done by the esterificatibalcohol

group with carboxylate group and binding on theypwr as lateral group in presence of DCC that ffinigld to

production of a polymer with high application inlpmer, water and sewage industry in order to attsame heavy
metals of water.
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