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ABSTKACT^ Ne» walw-soluble potymers of polyelectrolyle nalure have bern
obtained on the teü o/ acrylic acid, propylme oxide. epıchhrohydrm and vaı-ious
ammes as well as ıheir dematives mlh ıhe aid of reaclions of potymemation,
copoiymmsatıo^ o-cypropylation, chloro-cypropylaUon, neutrali:ation~~"a'nd
î"T''. "T"°"; w"h r<!sf"!ct'""" chc"'se ofPoly""-rcham. synlhesKed polynu-rs may

differenl mılııre, i. e. they may be amom-aclive, cationo'-active oraniom-catiom
active. Compositioıı and stnıclure ofthe obtained polyeleclrolytes have been'identif,
by variovs complex physico-chemical methods.
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AMİNLER, AKSİLİK ASÎD VE
EPOKSIKOMPONENTLERINDEN ÇIKARAK YENİ, SUDA

ÇOZUNEBILEN POLÎELEKTROLİT
(KO)POLIMERLERlNİN SENTEZLENMESI VE

ARASTIRILMASI

OZET:Akrilik asit, pmpilen, epıklorolvdrm ve çeşitli aminlerde olduğu gibi onların
ım-evlenııdm^ yola çılarak, poUımri-. asyon, kopolnneri-. asyon, oksıpropilasyoıı,
khrohıpropılasyoıı, ııötralnasyon ve kaleri-. asyoti reaksiyonları ıle suda çö:iimb, len
yempolielektrolil yapıda polimerler elde edilmiştir. Polımer :incirmm yiikime ̂ göre
f''ri'!'. yap'larc \sah'P- °r"eS"\ myon-aktif, katyon aklif ya da anyon-katyon "aktif
Çimerler sente-Jenmi^ Elde edilen polielektrolillerm yapı ve bilenleri "degifik

. fcılco-kimyasal yöntemlerle belirleıım/ftir.

çözimen po/fmer/er,ANAHTAR KELİMELER: Polimerhasyon. suda
polieleklolil, , aııyoıı- ka/yon aktif polimerler.

l%."/e'î" f{a"'"t''Sly, /SADOV, Alesker Dadashogly AGA-ZADE, Maharram Kar-.asa:
ZENOUZ: Gnlnarr, Allahverdygyy AHMADOVA. Imtilule »/.A. ft-»c/K»»ca/^rore.m.77/
^-"'lla'Jan^cadeımofScicnces, EAKU-AZERBAUAN
-MajisdNOURBAKHSH (NURBAŞ). Osmanga-., Oniv^lesı Miiheml,sl, k-M, n,arl, k Faki. lles,
Kimya Mühendisliği Bollımli Afefelit, 264SO, ̂K.'İKİŞEHİR



42

/ IfllTRODUCTION

VVaıer-soluble polymers containing fiınctional gı'oups mth diETerent clıarges obtained
from acrylic monomers are not ıııımerous. So. synthesis ofııew water-soluble act-ylic

copolymeıs containing non-ionogene and positively chaıged fiagments attract mterest
because these groups slıould give macıomolecules an additional stability in stıongly

mineıalized waters. Foı insertion ofcationo-active units into the maüı polymeı clıam il is

very imponant to choose comonomers having conesponding structuıe, propeılies and
capability to be involved m polymerization process of acrylic acid (AA) and its
derivaües. Quatemary salts of4-vinyl pyndme (4-VP) with dimethylşulphate (DMS) and

methyl iodide (MI) and in some cases 4-VP itselfmeet these requuements.

Syntbesis and specifications ofpolyıncrizationofthe quatemaı-y salts of4-VP witlı DMS
and MI are described in detail in literature [1-4]. it is shovvn that tlıe quatemaıy salts of

4-VP with DMS l-methyl-4-vinyl pyridiıııum roethyl sulphate (1-M-4-VPMS) aud witlı

MI l-melhyl-4-viayl pyridmium iodidc (1-M-4-VPI) aıe stable m dmethylsulphoxide
(i. e. abseuce ofpolymenzation) in the air.

Synthesis ofvvateı-soluble acı-ylic copolymers having non-ionogene oxypropyl fragments
and units of4-VP seems pıactically expedient by way ofıadical copolymerizaion. This is

stipulated by propensity of the indicated quatemaı-y salls of 4-VP (especially l-M-4-
VPMS) to radical polymerization.

//. RESVLTSAND DISCUSSION

The copolymer of 1-M-4-VPMS with AA was syntlıesized both in ethanol and water:

mCHı= CH + nCH2= CH --> -(- CH;-ÇH-)-n,-(-CH2. ÇH-)j,

COOH

''CHjSO,

01,

l
COOH

'CHjS04

Cll3
(l)

in etlıanol azo-diisobutyronitrile (ADIBN) was ıısed as initiatoı. The amount ofADIBN

was 1% of the total mass of comonomers by weight. Concentıations of comonomeıs

weıe 0. 4 mol/1. The temperature was kept at 70 °C for 8 hours. As the reaction

proceeded, the laıger part ofthe product pıecipitated in the form ofwhite sediment (acid
numbeı- was 70, 4 mgKOH/g) and the remamiııg part was lemoved frum the soîution by

evaporation of liquid phase. Despite to the preseuce of difFeı-ent acidic uııits in the chain,

botlı fractions ofcopolymer were dissolved well in fi-eslı water.
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in aqueous medium ammonium persıılphate (APS) w?. s used as initiator, The amouıit of

APS was 1% ofthe sum ofthe comonomers by weİght. Conceutrations ofcomouomers

were 0-49 mol/1, thc time ofı-eaction was 11 hours at 50 °C. Iu coutrast to the etlıanol

medium. the solutioa was homogeneous. The acid number ofthe final copolymer was

235. l mg KOH/g.
l

The synthesized copolymer of 1-M-4-VPMS and AA was undergone oxypıopylation m

wateı- at 20°C. Molar ratio of AA aud pı-opylene oxide (PO) was 1:206. 'Ihe

concentration of AA uuits at oxypropylaıion step was equal to 0. 06 mol/1 and that ofPO

0. 12 mol/1. After 20 hours ofthe reaction conversion ofPO wa5 legistered at the level

59. 8 %, acid number of the final product of modİfication was 174. 9 mg KOH/g, The

scheme ofmodificarioü represented as follows;

-(-CH;.CH-t, -(-
1^

t,. (. CH2. ÇH.),, +ıııpai2-ÇH-CH3->-İ. CHtÇH.h--(-CHrÇH.^,--(-CTl2-ÇH. ^n,
.
//

COOH V ^1 ^ _.. Î:'. 'ICOOH
^y -" OICHîCHOlpH

"cHısa,

aı,

'CHlSO-,
CH,

(2)

Such a clıemical modification becomes successful only in the case ofuse ofcopolymer i»

aqueous solutioıı. in the case ofethanolic solutİon the copolyıner of 1-M-4-VPMS vvith

AA does not undergo oxypropylation, though the triple molar excess ofPO \vas takcu

wıth ieganl to AA units. Non-additıon of PO to copoiymer in ethaııol solution is a

cousequence of hydrogen bonding, betvveen alcohol aııd PO molecules and secondly,

between alcohol molecules and caı'bo\7lic groups ofthe copolymer, respecüveîy [5-7]:

Fı'onı practical poİDt of view it seems more expedient to obtain the oxypropylated

copolymer of 1-M-4-VPMS with AA "in statü nascendi", i. e. to conduct radical

copolymenzatiou ofthe indicated comonomeıs in aqııeous media m the presence ofPO.

At tlıe iııitial concentrafions of 1-M-4-VPMS. AA and PO of 0.49 molfl. APS of 1% of

ihe total mass ofcomonomerswithiıı 12. 5 hours at 50 °C, a complete couversion ofPO

vvas reached. Acici ııumber ofdıe copofymer was measured as 175. 7 mg KOH/g.

The reaction sclıenıe may be represented in t.he follovving form:



fCH., =Ç.H+RCH2=ÇH+mpÇH2-ÇH.CHl-u.s>-l-CH2-ÇH-),-(-CH2-ÇH^nı---AÇ"2-S"-ln-m
.S,""""-rooHrv~;<- -~ ~^> '' ' CÇL T;',. .C''OH" (3)" C0! . . ~'^0(CHîCHt)k, lî

1.1SÖ4.'(ÎI3SÖ4
l

CHı CH,

Composition and slmcture of the obtained copolymer were ıdentified by H-NMB.
specnoscopy (spectıometer "Tesla BS-487 C". Chekhoslovakia). The analysıs ofsptctra
recoıded in D-, 0 showed Üıat oxypropylation reaction of carboxylic gıoup m polymat. 'K
leadsto an appeaıance of resonance signals due to - N3 (doublet at 1. 3S-1. 5 ppm)
aad -C«2- protons (doublel at 1, 55-1. 65 ppm), -CH- proton (multıplet at 3. 48-3. 83
ppm) and OH-proton (singlet at 4. 0 ppm). Entry of 1-M-4-VPMŞ to the polymeı chiiın
is a reason ofresonance signals ofthe counterion 01^0-4 (singlet at 3. 0-3. 1 ppm), the

positıvely charged group -N+-CH3 (smglet at 4. 42-4. 63 ppm). Resonance sıgnals of
pyndimring in the copolymer was appeared in the range of7.95-8.93 ppm.
The synthesızed copolymer has a parfcular solubility. it dissolvcs well m hard strata
waters but fonns an opaque solution m fi-esh and sea wateıs. The copolymer synthesized
on the basıs of AA, PO and 1-M-4-VPMS may also be obtamed by anoflıeı way with
reverse consequence ofthe steps. Füst, the copolymer containing uııits of fiee oıganıc
base (4-VP), AA and PO (time of tlıe reaction is 10 Iıoıırs) were obtamcd by
copolymerizatıon of 4-VP with AA in the presence of PO (the concentraüon of aU three
reagents is 0. 9 mol/1) uııdeı an influence of APS (1% ofthe total mass af4-VP and AA)
at 50-C m aqueous media. Conveıs. on ofPO is 24. 1%, acıd Dumber ofüıe product was
94. 7 mg KOH/g. Theıı fi'ee units of 4-VP of copolymer weıe alkylated according to
Menshutkin reaction sclıeme in water at 20 °C witlı agitatıon ;

-l. CUrÇH-l,,-(-CHrÇH-h--(-CTî(;H^,, :,j,-+"<c"^o<-------->
"T" 'CP'". ffl^H
lrÇH-l...-(-CH;rÇH-l,,--l-lTOt("^n--m-""v'"'»'
-"j - n - \p- ÇHiç-^-
^ Ç-'WH.

CH^-CH^-.^.^
'$'1 OlCHîCHOIolî

l.ısdı

(4)

al,

Viscoshy ofthe system increased as the reaction proceeded. An iııcrease in polymatnx
mass caused ali tlıe fi'ee units of 4-VP to be coııverted to units of quateroary salts.
Studies foı obtainmg tlıe copolymers based on AA, 1-M-4-VPI and PO, by the metlıod
ofradical copolmenzation had also been canıed out. The presence ofiodıde-ion capable
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of oxidizmg complicates appUcation of APS ili aqueous copolymerization. So. under an

anempt to copolymerize the indicaled salt witlı AA (concentratioııs of comoııomers are

con-espondingly 0. 37 and 0. 39 mol/1) in water uııder the action of APS (1% oftlıe total

mass ofcomönomers) a red-brovm colouı appeared and tlıe dark residue-iodine (it gives
a dark-blue colouı with stareh) precipitated both iıı absence and presence of PO.
Therefoıe. iodide-anton of 1-M-4-VPI was oxidized m the presence of APS urith iodine

fcnnation Due to die indicatcd circumstancc it is cxpedient to use ADBBN as imtiator.
Thisway, it is possible to involve 1-M-4-VPI into copolymeıization with AA botlı m

ethanol (concentrafion ofcomonomers is 0. 11 mol/1) and aqueous nıedıa (concentration
ofeomoüoîmtö'is 0, 47 mol/İ) at 70 °C:

nCHî= CH + nCIIıs CH_--> -(- CH 2-CH-),,--(-CH3-CH-)-.
J" "~'"~ J<,0 ' '--J-"" '". -']^b'"

'&ı y" on (îh c~' OH
w

(5)

aı, C"J

lıı both cases ADIBN at the amount of 1% ofthe total mass of the comoııomers vvas

iııuoduced to tlıe system in a small volume of'acetone. lıl aqueous media the yield oftlıe
copolymers was quantitative. Acid nıımber of the copolymer, measured, was 169.8
mgKOH/g. -

Oxypıopylation reaction of flıe copolymeı may be canied out in aqueous solution. Use

ofethanol solııtion ofdıe copolymer far oxypropylation does ııol lead to tlıe goal. The
sıme sıtuatiori is also obsen'ed ili the case oftlıe copolymer of 1-M-4-VPMS with AA as

a result of inhibitiııg effect of alcohol. Oxypropylation of the copolymer in aqueous
solution was conducted "in statue nascendi". This way peiTOİts, as in the case of the

analogous copolymer of 1-M-4-VPMS to bring about additıon of PO to acıylic uııits.

though extent of conveısion of PO is sliglıtly lower. Apparently. even small amounts of

acetone influences the efficıency ofoxypı-opyiation.

Oxypıopylated copolymer of 1-M-4-VPI with AA may also be obtamed thıough
syntlıesis beiııg successful iıı the case of 1-M-4-VPMS and including copolymenzation of

4-VP vvilh AA in the presence of I'O and subsequent alkylalion of tlıe obtahıed

copolymer according to Menslıutkin reaction sclıeme:
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l.<-Hi-ffl-l,-,-I.Clh.CTMn... (-^l2-C^-, :i,,--+nCH]I-->
C _ _- 1..'. cî^ OICHıCHOlpH

OH

-l-CHî-^H-ln-I. CHl.^.-.^H^ı,,,
KO(rH;HO)pH"°"^

(Tl,

(61

Cationo active polymers aıe also obtained on tlıe basis of chloroxypıopyl. ester of

AA(COPEAA). This ester is syntlusized at a molaı ratio of AA: epicUorohydnn

(ECH)= l: l using pyridinc as a catalyst (3% mol from AA). An ınlübitor (hydroqumoae,

sulphur) is introduced into the systeın to prevent possible polymenzation of AA and
ester. Tempeıature is 60-80 °C, while duration of dıe reacüon is 20-24 lıours. The
scheme oftibe reaction may be described in the lbllo\ving form:

CH" ?")+ CH^"-CH'a -->fH2= CHo cH,n
c"" o c'-...... J..
s-OH OCHhFIIOH (7)

COPEAA was isolated fiom the reaction mixtuıe by vacuum distillation (35-44 "C/

10-13 mm Hg) with a yield ofîO-85 %. Its structure and compositiolı were elucidated

by H-NMR-and IR-spectıoscopies, elemental analysis, cı-yoscopy. detennmation of

lıydroxyl(613. 2mgKOH/g)and acid nıunbers.

Homopolymers of COPEAA are knowıı to be insoluble ili wateı. Iıı oıder to obtain
water-soluble polymers, COPEAA was converted into salt by means ot vanous ammes:

CH;=ÇH^
:ö

+N-X-->Cll2=Çil,
<lp. H2CI

CH;-N -X

'OCHCHOH
OCHıCHOH w

where X is a jö-agmenl of amme.

Aımnoma wateı, medıyl amine, diethyl amine, tnethylamine, tributylamine, piperidine,
nıonoethauolamine, dietlıanolamine, triethaııolamiııe, etllylenediamine were used as

amines. Tlıe ınolar ratio ofCOPEAA- amine was 1:1, Tlıe reaction \vas conducled at 20-

25 °C far days (20 and more). in ali cases heat was evolved m tlıe coıu'se ofreacüon.

Tlıe fonned salt in most cases remained in solution. Only m the cases of triethanolamine

md ammonia water after 20 days and trietlıylamiııe after 30 days, salt cı-ystals

precipitated.
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The obtaıned salts (in the foı-m ofaqueous solutions) weı-e polymerized at 55 OC in the

presence of APS (1% of salt mass). The lime ofpolymerization was 46-50 hoıııs. in the

case of salts. based on triettıylamine and tributylamine, a panial sedüuentation of

polymer finm the solution was obseıved, in other cases solutions were lıomogeneous

Yields ofpolymeıs as well as ofmonomer salts aıe given in Table I.

Table l. Yields of monomer salts based on COPEAA and ammes as well as of theh-

polymers

M ono m er salt Yieîd ofmonomer salt. % Yield ofpolymer, %

COPEAA+piperidine | 75.9
COPEAA + triethylamine ı
COPEAA + triethanolamine j 100
COPEAA + etlıylenediamine | l 00
COPEAA + dietbanolanüne [ 94.3
COPEAA - monoethanohmiiıe 76. l
COPEAA-+-ammoııİa water l l Oü

COPEAA + methylamine
COPEAA + tributylamine
COPEAA -r dietlîylamine

64.8
23.9
80.3
91.9
100
65.8
99.5
50.4
6.5
30.1

23.9

61.8
45.3
34.2

Soıne new water-so]uble copoîymers containing relatİvely strongîy ioniziııg salt gı-oups m

addition to ııon-ionegeııe chloroxypropyl gı-oups and weakly ioııizmg carboxyhc gıoups.

weıe synthesized on the basis of AA, ECH and various ammes. To can-y out

copolymerization and cUoroxypropylation, initially the salts ofAAıvitlı difl'eıml amines

were obtained (concentration of AA 0. 19 mol/1). AA was neutralized by amines to the

extmt of 25. 50 and 75 % (8-10 lıours, room tempeıature). Piperidine, pyridine and

triethanolamme vvere used as amiııes. Then, copolymerizatioıı of AA wıth acıylate salt

was conducted in aqueous media at 60 °C with fotlowing chloroxypropylatiün of fiee

caıboxylic gıoups. Theüıitiating agent of copolymerization was APS (2. 5 % ofthe total

mass ofcomonoıners). Tüne oflhe reactioıı was 10-12 lıoın-s. The reactioıı scheme may

be represented by the following fonn:
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nCHı=CH+mN. X->mCH.;=CH +(n-m)CH2=ÇH-.-KIEEC"->
----r-o-- "' -"-"- ı , o ' ~ ! /P

OH f-Ö!Î.X OH

H -'-".^--. -C-H^-.^.^l,,»., (g,
('' Ö N-X OlCHji-HOIpH OH

where X ıs amine fi-agment.

Final degıees öfconversious ot'ECH aıe given m Tabfe 2.

Tabte 2. Final conveısioııs ofECH

Final coMversions ECH %

Amin e 25 % neutralization 50 % ııeutralization 75 % neutratization

Pipendine

Pvridine

Triethauolamiııe

46.4

0.0

8. 90

0:0

0.0

0.0

0.0

100

As may be sem fi om tlıe table, additicm ofECH to tlıe carboxyl gı'oup ofpolyroatnx has

an extreme clıaracter depending on the degıeeofneutralizalioıı of monomeric acid by

piperidine. The largest conversion of ECH (88. 8 %) was obsefved at 50 %
ııeutı-alization. At 25 % neııtralization tlıe conversion of ECH was equal to 46. 4 %, At 75

% neutralization by pipendine ECFI does not add to caıboxyl gıoup. The maximum

conversion of ECH took place at 75 % neulralization of the acid by tnethanolamiue.

W1ıen pyndine was used as a neutıalizing agent, addİtion of ECH to caıboxyl gı'oup dİd

not occur. it was appearently ı-elated to the fonnation of veı'y' unstable complexes of

pyridine with AA units. A copolymer containing ethylenediamine fi'agment was also

obtaüıed, Neutralization of AA by ethylenediamine was can-ied out at 25 % degı-ee at

room tempeıature for 8 hours, The copolymer of AA with acı-ylate salt was syııtlıesized

in wateı at 60 °C. Concenbation of AA was 0. 11 mol/1 aııd of acı-ylate salt 0. 05 mol/1.

APS (25 % of tlıe total mass of comoııomeıs) served as iııitiator. Subsequeııt

chloroxypropylation ofthe copolymer (molar ratio AA;ECH = 1'0, 5) was unsuccessful.

it may be related to foiTtiation of complexes of polynıatrix free carboxy1 gı'oups witlı

amıno groups ofetîıylenediamme w)ıic3ı hinders difTusioıı oFECH ınolectiles tu carboxyt

groups.

H-NMR-spectra of choroxypropylated polyacı-ylic acid (COPPAA) neutralized by

pipendine at tîıe degı'ees of conversions of 25 and 50 % and by trietlıanolamhıe of 75 %
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lıave beeıı recoıded. Resonance sigııals ofprotons fi'om CH^- aııd CH- gı'oups ofECH
ıcsidue and protons of N-CH^, NH and OH-groups fiom tiıe fiagmcnt of the
correspondmg salt are obseı-ved in tlıe spectra. Clıemical shift ofpıotons aıe slıown in

Table 3. COPPAA panially neutralized by amines may ako be obtaıaed by another way.
Consequence ofsteps was changcd for tlıis puı-pose. Fü'stly, using equmıolar ratio of AA

and ECH (0. 29 mol/1) in aqueous media al 60 °C, tlıe conespondmg copolymer.
COPPAA was obtaiııed. Tlıe process was iııitiated by APS (2 % ofüıe uıass of AA).

The conveısron ofECH was 30-40 %. Then, the "ready" copolymer vvas neutralized by
triethanolamine oı piperidine at room temperatuıe. Neutralization by amines has beeıı
canied out at 25, 50 aııd 75 % mol ofCOPPAA. .

Table 3. Clıemical shiits ofprotons in neutıalızed COPPAA

Chwmical sLiftsofprotous, ppm

COI'PAA neutralized CÖPPAA neutralized COPPAA neutralized

Pıotons by pipendine by 50 % by pipendine by 25 % by tnetllanolamine by 75 %
CH^
CH
N-CH7
N11
oıı

1. 75-3.0
3. 5-3.8
4. 0-4.2
4.45-4.7

1. 75-3.0

3. 65-3.9
4. 0-4.2
4. 45-4.7

1. 75-3,0
4. 0-4.2
4. 5-4. 75
5. 9-6.0
5. 3-5.5

The scheme ofthe syııtlıesis is giveu below:

"CH2=%-fflBiSİİ->-"CH-CH>'»--'^-CH;^"'->
OH

cy cvs c/!:;
OICIIi'.'HOpH0"

.,. rH:.<^<, -,CH, -^--;^H, -<^<,
'-Ö^'-X ~SO|CH2CHO^,II^OH

H

where X is amine fi-agment.

Final degrees ofconversıons ofamiııes are given in Table 4.

(10)
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Table 4. Final conversions ofamines

Final conversiou ofaminss

Amin e 25 % neutralization 50 % neutralization 75 % neutralizatıon

Piperidiae

Thethaııoiamine

25.9

47.1

25.2

100

100

92

it is seeıı tlıat w]tlı aıı increase ol'tlıe amouııt of amine, its conversion, m general, rises.

Such dependency may be explained by coordmaüon of amines both with eaıboxyl and
choıoxypropyl fiagmmts, Neutralızation of COPPAA by ethylenediamine and
monoetlıanolamine at 50 % degı'ee was camed out. Very lıigh levels of conversions of

ammes (respectively, 100 and 93. 6 %) were reached.
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