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ABSTRACT

UnsaturatedPolyesterispreparedfrom thereactionofpoly(vinyl

alcohol)withcinnamoylchloridebycondensationtogetpoly(vinyl

cinnamate)ofhightransitionpercentage.Halogenatedpolyesters

hasbeenpreparedfrom thereactionofpoly(vinylcinnamate)with

chlorideinCarbontetrachloridetoform thecompound.Inorderto

increasemagnitudeofchlorideandmolecularweight,halogenated

polyesteris reacted with Chloro phenol(C6H5OCl).Polymers

chemicalcompositionhasbeenprovedanddemonstratedthrough

usingfouriertransform infrared(FTIR)inadditiontootherphysical

measurementsasmelting,solubilityandsomequalitativereagent

includingdoublebondone.
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1-Introduction

Poly(vinylalcohol)waspreparedforthefirsttimein1924by

(Haehnerand Herrmann)from Poly(Vinylacetate)as a basic

material.1

TheprocessofpreparingPoly(vinylalcohol)isachievedthrough

directhydrolysisofPoly(Vinylacetate)asinthefollowingequation:

Poly(vinylalcohol)cannotbeproducedfrom Monomersbecause

the latter are unstable materials and tautomeric with

(Acetaldehyde).Provided thatthe percentage oftautomeric is

CH2=CHOH :CH3CHO underhydrolysis,which produces oily

materialduetoAldolcondensationofAcetaldehyde((CH3CHO)as

seenintheequation:2

Crosslinkingpolyesters:

Crosslinking polyesters are prepared through using functional

groups found in the polymers chains.Itis found thatsome

polymerscontainunsaturatedgroupsinthepolymericchainsand

hascrosslinkingreactionswhenexposedtoultraviolet.
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In1970,itwasfoundthatdoublebondsin(PVCi)Poly(Vinyl

Cinnamate) and it derivatives increase reactions of

(Photodimerization) that leads to formation of insoluble

crosslinkingmaterial.(3,4)Itisfoundthat(PVCi)hasthesereactions

withoutusing(PVCi)Photoinitiatorsanditsderivativeswhenthin

film isexposedtolinearlypolarizedbeamsoflight.(5,6)

UVsensitivepolymershaveseveralapplicationsasphotoresist

materials as manufacturing printed circuits boards(7), which

dependsonpoly(vinylcinnamate)(PVCi)anditsderivativesthat

leadtothehugescientificdevelopmentsinthefieldofPhoto

polymers.(8)

Copolymerization:

Whenthepolymercontainsonetypeofstructuralunits,itiscalled

homopolymer.Ifitincludestwostructuralunits,itwillbecalled

copolymer.

Copolymersorcopolymerizationhaveanindustrialimportancein

ourtimeduetothepossibilityofpreparingnewpolymersofdefine

specificationsbyenteringnew structuralunitsinthepolymers

chain.Forexample,polymers elasticitycan be increased and

loweringitsglasstransition,decreasingcrystallization,increasing

itsresistancetocrackingduetoorganicsolventsandimprove

polymersmechanicalpropertieslikeelasticity.

Copolymerizationcanbeutilizedtotreatseveralbadaspects

ofnaturalorindustrialpolymers,whicharedefinedthroughtheir

useasincreasingpolymersabilitytoacceptdyesorresistanceto

solventsandoils.

As any process of chain polymerization,copolymerization

includesthreebasicsteps:Initiation,propagationandtermination.

Inthistypeofpolymerization,propagationhasanimportantrole

becauseitidentifiesthefundamentalshapeofpolymeronthe

contrarytohomopolymerizationinwhichinitiationandtermination

areresponsibleofidentifyingtheshapeofpolymer.(9)
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Categorizationofcopolymers:

Dependingonthemechanismsofpolymerization,Copolymersare

classifiedintothreecategories.Ifitisresultedfrom reactionof

condensation,itwillbecalledcondensationcopolymersorstep

growthpolymerization.Ifitisresultedfrom theadditionreaction,it

willbecalledchaingrowthcopolymers.Thesethreetypesofchain

polymerizationsinclude(51)

A-Freeradicalcopolymerization

B-Anioniccopolymerization

C-Cationiccopolymerization

TheStudyGoals:

Duetowideuseofpolyestersindifferentindustriesasfibers,

textile,plastic,rubber,dyesandpaints,unsaturatedpolyestershas

been prepared from condensation of chlorides of aromatic

carboxylate acids with poly(vinylalcohol).Since the prepared

polyesterscontainsdoublebond,itisusedtoprepareanothertype

ofpolymerthatis the halogenated polymerby halogenating

polyesters with chloride, which gives polymers additional

propertiesthatchangesitsuses.

2-ExperimentalPart:

(1)Preparingpoly(vinylcinnamate)

Themethodiswell-knowninchemistryliterature(10,11)inwhich(1.1

gr.)(0.025mole)ofpoly(Vinylalcohol)dissolvedin(25ml.)of

water in two- necked round-bottom flask supplied with

thermometer,droppingfunnel,magneticstirringwaterbathof(60-

70 °C),the solution is cooled down to the levelofroom

temperature,then(25ml.)ofsodium hydroxide(4molarity)is

addedgraduallywithshaking,(25ml.)ofbutanoneisaddedand

the solution iscooled to low temperature (1 °C)in ice bath.

Throughdistillationflaskwithcontinuousshaking,(2.3ml.)(0.025

mole)ofrecentlypurifiedcinnamoylchloride,(29ml.)ofbutanone

and(6ml.)ofcolourasdropsareaddedwithin(20)minutesto
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keeptemperature(1°C).Thesolutionismixedfor90minuteswith

temperature(1-5°C),ayellowish-whitematerialisprecipitated

thenitisfilteredandwashedwithdistilledwaterseveraltimesand

purifiedthroughdissolvingitinDMFthenitisprecipitatedand

washedwithwaterandmethanol,driedby(50-60°C),turnedinto

finepowderbyporcelainmortarandthesofteningpointis(150-

153°C).

Estershavebeen tested on theproductand theresultis

positive.Also,ithasbeenfoundthatpolymerchangesthecolour

ofpotassium permanganateandbrominewater,whichmeansthat

thedoublebondisexisted.

2-Prepapercentagenofpoly(α,β–dichlorovinylcinnamate)

Themethod used astraditionallyfound inliterature.(12) Intwo

–neckedroundbottom flaskequippedwithamagneticbarstirrer,

droppingfunnel,andathermometer,(1gm)(0.057mole)ofpoly

(vinylcinnamate)wasdissolvedin(50ml)carbontetrachloride,the

solutioncooleddownto0°C,chloride and(50ml)ofcarbontetra

chlorideareaddedasdropsfor(25-30)minuteswithstirringand

temperaturereactionmaintained(1-3°C).Thesolutionismixedfor

(90)minutes then itis evaporated atroom temperature and

yellowish-whitecrystalsappeared.Theyellowish-whitecrystals

arefiltered,washedwithcoldwateranddriedat(50– 60)°C.

Esters have been tested on the productand itis found that

polymerdoesnotchangepotassium permanganateandbromine

watercolours,whichmeansthatthedoublebondisnotexisted.

3-Prepapercentagenofpoly(α,β–dichloro-ɣɣdichlorovinyl

cinnamate)

Itispreparedfollowingthemethodinliterature.Intwo–necked

roundbottom flaskequippedwithamagneticbarstirrer,dropping

funnel,and a thermometer,(1gm)(0.057 mole)ofpoly(vinyl

cinnamate)was dissolved in (13 ml)acetone, (94 gr.)of

chlorophenol-3,then(37,5ml.)ofHCIdropsadded.themixture

heatedto2±60°Cfor6hoursthencooleddowninicebath.The

mixtureisfilteredwithdistilledwater,washedanddriedinroom



VII

temperature.

3-Discussion:

3.1.Prepapercentagenofpoly(vinylcinnamate)

Thecompoundispreparedthroughthereactionofequalmolesof

poly(vinylalcohol)withcinnamicchlorideinalow temperature,

alkalinesurrounding and in butanoneand toluenesolventsas

shownintheequationbelow:

Physicalpropertiesofesterisshownintable(1)
Thenewpolymerhasundergoneseveralreagentstodetectester
anddoublebondbyusingpotassium permanganateandbromine
water,sothereagentsarepositive.
F.T.I.Rshowsthatthepolymerhasdistinguishedabsorptionfor

stretchingcrbonylestergroup(C=O)in(1701)cm-1,stretchingfor

(C=C) aliphaticgroupin(1630)cm-1,stretching(C=C)aromatic

groupin(1590,1500and1450)cm-1,stretching(C-O-C)groupin

(1171)cm-1,stretching(C-H)aromaticgroupin(3000-3105)cm-1

andstretching(C-H)aliphaticgroupin(2800-3000)cm-1.Thisis
proved theproposed formulaofpreparedpolymer. Themain
absorptionbandsareshownintable(2)

3-2Prepapercentagenofpoly(α,β–dichlorovinylcinnamate)
Thepolymerispreparedfrom thereactionofchlorinewithpoly
(vinylcinnamate)inthemedium ofcarbontetrachlorideatlow
temperature(0C°)toyieldhalogenated,saturatedandaromatic
polyester.Thephysicalpropertiesarelistedintable(1)asshown
intheequationbelow:



VIII

F.T.I.R shows thatthe polymerhas noticeable absorption for

stretchingcrbonylestergroup(C=O)in(1701)cm-1,stretchingfor

(C=C)aromaticgroupin(1573,1495,1448)cm-1,stretching(C-o-C)

group in (1166)cm-1,stretching (C-CI)group in (550)cm-1,

stretching(C-H)aliphaticgroupin(2858-3000)cm-1andstretching

(C-H)aromaticgroupin(3000-3100)cm-1.Theanalysisof(C,H,O)
isprovedtheproposedformulaofpreparedpolymerinwhichthe
theoretical percentages match the percentages of the
experimentalpartasshownintable(3). Themainabsorption
bandsareshownintable(2)

3-3Prepapercentagenofpoly(α,β– dichloro-ɣɣdichlorovinyl
cinnamate)
Thepolymerispreparedfrom thereactionofpoly(α,β–dichloro
vinylcinnamate)with chlorophenol-3 attemperature (60 C°),
acetoneandHCItoincreasepolymermolecularweightandadd
OH groupsonbothendsofpolymertobebasisforcrosslinking
andquenchingasclarifiedintheequation:

F.T.I.R shows thatthe polymerhas noticeable absorption for

stretching (C=C) aromatic group in (1573,1450,1448)cm-1,

stretching(C-O-C)groupin(1160)cm-1,stretching(C-)CIgroupin

(559)cm-1,stretching(C-H)aliphaticgroupin(2858-3000)cm-1

andstretching(C-H)aromaticgroupin(3000-3100)cm-1.The
mainabsorptionbandsareshownintable(2).Theanalysisof(C,
H,O)isprovedtheproposedformulaofpreparedpolymerinwhich
the theoreticalpercentages match the percentages of the
experimentalpartasshownintable(3).
Asformeasuringsolubilityofpreparedpolymers,severalavailable
inlab.solventsareusedtomeasurepolymerssolubilityasshown
intable(4).
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4-Conclusions:
Throughoutthestudy,certainreactionsareconductedincluding:

A-Esterificationreactions.
B-Autopolymerizationreactions.
C-Copolymerizationreactions.

Whenstudyingtheresultsofthesereactions,itisfoundthatsteric
hindrancehasanimportanteffectonsolubilityofpolymers.The
percentage ofprepared polymers is because steric hindrance
resultedfrom benzeneringinthecompositionofpolyesterandits
derivatives that prevents queuing polymer chains together,
consequently,reducesitsmeltingdegree.Thatiswhypolymers
aresolubleinmostsolvents,butforpolyesterisinsolubleinthese
solventsasshowninthetable.

Theeffectofsterichindranceon theproductpercentageis
becauseofitsinfluenceontheactivityofreactantfunction.The
presentstudyandperviousonesshowthatpolymersundergothis
problem morethantinymonomericmoleculesduetothepackof
groupsandmoleculesandtakingdifferentpositionsresultedfrom
convolutionoflongpolymerchainswitheachother.Thisposition
leadstoshieldactivemoleculesandpreventreactantstoreach
polymers,whichdecreasesthepercentageoftheproduct.Itis
noticedthattheproductpercentageofpolymersthatundergo
interlacedchainsduetothedecreaseofactivefunctionsbecause
thesepolymersareinsolubleintheusedsolvents.Thesepolymers
eveniftheyaresoluteintheirsolutions,thesesolutionswillbeof
high viscosity and heterogeneous that leads to slow and
incompletereactionsofrelativelypoorproduct.

Figure(1)chemicalcompositionofPoly(vinylcinnamate)

Figure(2)Poly(vinyl-α,β-dichlorocinnamate)
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Figure(3)poly(α,β–dichloro-ɣɣdichlorovinylcinnamate)

Table(1)physicalproperties

No. Conversion(%) colour S.P.C°

1 85 white 150-153

2 82 white 195-200

3 80 White-yellow 205-210

Table(2)MainabsorptionbandsforF.T.I.Rofpoly(vinylcinnamate)and

derived
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polymers

Table(3)analysisvalueof(O,H,C)forpolymers

Table(4)Solubilityofpreparedpolymersandtheirderivativesin

suedsolvents

No

.

DMF DMS

O

THF CCl4 CHCl
3

Benzen

e

Dioxan

e

Ethan

ol

Toluen

e

CH2Cl2 Aceto

ne

other
bands

cm-1

νC-H
aromati

c

cm-1

νC-H
aliphatic

cm-1

νC=C
aromatic

cm-1

νC-O-C

cm-1

νC=O

cm-1

Fig.
no.

Comp
.no.

3000-
3105

2800-30001450,150
0,

1590

1171170111

C-Cl
856

3000-
3100

2858-30001448,149
5,

1573

1166171022

C-Cl
767

OH
phenol

3000-
3100

3100

2805-30001430,150
0,

1575

114533

Comp
.No.

Molecular
formula

C% O% H%

Foun
d

Calc. Foun
d

Calc. Foun
d

Calc
.

2
C11H10O2Cl2 41.86

3
42.03

8
10.35

0
10.20

1
3.124 3.18

3 C23H18O3Cl4 50.31
0

50.57 17.97
8

18.39 4.742 4.21
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1 V.S V.S V.S In.

S

V.S In.S In.S In.S In.S In.S P.S

2 V.S P.S In.

S

In.

S

In.S In.S P.S In.S In.S In.

S

P.S

3 P.S P.S In.

S

In.

S

In.S In.S In.S In.S In.S In.

S

In.S

V.S=Verysoluble
In.S=Insoluble
P.S=Partialsoluble

Figure(4)F.T.I.RforPoly(vinylcinnamate)
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Figure(5)F.T.I.RforPoly(vinyl-α,β-dichlorocinnamate)

Figure (6)F.T.I.R forpoly(α,β – dichloro-ɣɣ dichloro vinyl
cinnamate)
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