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Influence of pH and the quality of the solvents of sensitive hydrogels
based on polypropyleneglycol of maleate with acryliccand“methacrylic acids

In this regard, in this work it was firstly performed the radical#€op@lymerization of polypropyleneglycol-
maleate with acrylic and methacrylic acids in various weight ratios, at theinitial mixture to produce polymers
with high sorption properties. It was studied the influence of medium, pH;j’the quality of the solvents on
behaveior of hydrogels based on the copolymers of polypropyleneglycolmaleate with acrylic and methacrylic
acids. Sensibility of hydrogels to the changes of above mentioned external factors was experimentally estab-
lished.
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Introduction

At the searching for materials with targeted properties the scientists interested in unsaturated polyester
resins which are capable, in comparisomwith other thermosetting polymers, to solidify at room temperature
or at relatively low temperature without ‘disengagement of by-products. At present time the production of
decorative materials and products,of‘c¢onstructional purposes intensively increases, these materials and prod-
ucts have the above mentioned properties and they are produced on the basis of polyester copolymers with
styrene [1].

Unsaturated polyester rgsins are well combined with various pigments, dyes, plasticizers and dry granu-
lar fillers (chalkgtaleysandfkaolin, etc.). Unsaturated resins are cheaper and more functional than ethoxyline
resin in practicejThey are less viscous and sensitive to the accuracy of dosage of curative agent, easily used
and they ar€fast-cCuring under normal conditions than others [2]. The study of literature and patents revealed
thatgthere lisgalmiost no data on synthesis and investigation of unsaturated polyester resins with nonionic
gomonomers.. Sélection of optimal formulations of synthesis of polyesters copolymers with unsaturated car-
boxylic acids make it possible to produce products which are highly absorbent and have three-dimensional
crass-linked structure.

Previously we obtained and investigated copolymers based on polyethyleneglycolmaleate with several
ionic monomers [3]. This work is devoted to the synthesis of new copolymers based on
polypropyleneglycolmaleate with acrylic and methacrylic acids, and to the study the influence of external
factors on their behavior.

Experimental

Polypropyleneglycolmaleate was derived from the polycondensation of maleic acid and propylene-
glycol using two techniques [4, 5]. Course of a reaction was monitored due on determining of acid index,
however, the first of them differs with a lower temperature reaction.
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The obtained polymer was reprecipitated in hexane and dried under reduced pressure; the yield of the
product was 82 %.

Data on molecular mass of polypropyleneglycolmaleate determined by the acid index and light-
scattering method [6] on nephelometer HACH 2100AN have advanced level of reproducible results and was
equal to 5630.

Copolymers of polypropyleneglycolmaleate (p-PGM) with acrylic acid (AA) and methacrylic acid
(MA) were obtained by the reaction of free radical copolymerization in mass in the presence of initiator —
benzoyl peroxide at the temperature 333K at various ratios of initial monomers.

Samples of gels were washed with water and chloroform for 10 days, and then they were transferred in-
to Petri dish and were hold in vacuum oven under reduced pressure up to constant mass at the temperature
313K.

The composition of the obtained copolymers was determined by potentiometry [7].4Fhe equilibrium
swelling degree (o) of the copolymers was found by gravimetric method as the mass of watenper unit weight
of dry gel, according to the formula:

where m and m,— masses of equilibrium swollen and dry gels, correspondingly./g.

The amount of unconverted double bonds of maleate groups of synthesized copolymers was determined
by method of using bromate-bromide mixture [§].

pH values were set by binding buffer and it was measured on ionomer 1=160MI using as a measure-
ment electrode combination ESK-10601/7.

Surface morphology of the obtained hydrogels was investigated by scanning electron microscopy on
IVS Supra 55VP-3249.

Registration of the IR spectrum of the copolymers wa$,performed on IR Fourier spectrometer FSM
1201.

Results andvdiscussion

The presence of unsaturated double bonds in the molecule of polypropylene glycol maleate, as well as
its sufficiently high molecular mass allows suggesting that they will be used as a matrix for producing three-
dimensional cross-linked polymers.

As a result it was interesting to stud§ copelymérization of polypropyleneglycolmaleate with acrylic and
methacrylic acids with the aim of for §ynthesizing of copolymers with sufficient hydrophilic balance. Com-
position and properties of copolymersiof polypropyleneglycolmaleate with unsaturated carboxylic acids ob-
tained by free radical copolymerization mymass are presented in the Table 1.

The content of p-PGM imrthe mitial stock increased up to critical concentration of solution.

Table 1

Composition and properties of the copolymers of p-PGM (M,) with AA (M,) and MAA (M,)
[7] = 8 mol/m’, T = 333K

Composition ofithe initial mixture, | Composition of the copolymer, Contents of the
mass: % mass. % Yield, % o, % maleate groups,
M1 | M2 m | my %
AA
12,8 87,2 10,6 89,4 86,6 1267,4 55,8
15,2 84,8 12,3 87,7 84,2 1187,5 62,9
32,7 67,3 28,7 71,3 82,1 764,1 63,2
41,4 58,6 41,6 58,4 79,4 570,5 63,5
56,1 43,9 50,2 49,8 75,2 400,6 68,9
MAA
17,6 82,4 10,1 89,9 87,7 1569,3 56,3
25,3 74,7 15,1 84,9 84,3 1243,6 59,8
36,1 63,9 25,2 74,8 82,1 861,7 61,0
51,3 48,7 40,5 59,5 79,3 795,6 62,4
60,6 39,4 49,9 50,1 75,2 698,3 73,1
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Comparison of the data of Table 1 shows that the copolymer composition is enriched by AA and MAA
units in comparison with the composition of the initial monomer mixture; which is most probably connected
with a high reaction rate of linking and cross-linking involving above mentioned substances. When the
concentration of p-PGM increases, the viscosity of medium in the initial stock increases too, it leads to the
reduction of branching and cross-linking reactions, and it is proved by the values of the free maleate groups.

Intensive absorption bands in the range 1670 cm™, which correspond to the fluctuations of the unreacted
double bonds are presented in the IR spectra of copolymers of p-PGM:AA and p-PGM:MAA. There are in-
tense absorption bands in the 1157 cm™, corresponding to the fluctuations of the ether bonds. The fluctua-
tions of the methyl groups of methyl acid 2926 cm™, the carboxyl groups providing swelling, are représented
in the field of 1723 cm’.

It should be noted that the degree of swelling of the copolymers with the MAA is slightly highes than
with AA.

The swelling capacity of the synthesized copolymers at the change of pH of medium ionic force of solu-
tion, and mixtures of organic solvent — water was evaluated to investigate the effect of externalyfactors.

Susceptibility of ionic polymers to changes of pH of medium is one of their mostimpeértantyproperties
used in practice [9]. It is known from the literature that hydrogels containing residues‘of weak acid in their
composition, usually swell in alkaline medium [10].

Figures 1 and 2 shows the dependence of swelling capacity at the chafiges of pH ofimedium for the in-
vestigated copolymers, and these features are peculiar to ionic polymers.
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Figure 1. The dependencelof thefswelling capacity Figure 2. The dependence of the swelling capacity
on the copolymers of pr-PGM:AA up pH of the medium, of the copolymers of p-PGM:MAA on pH of the medium,
thasse% mass. %

Copolymersiof p-PGM with AA and MAA at low pH values are at the maximally collapsed condition.
We see that in all mvestigated gels in the pH range from 5 to 7, there is the spike of swelling degree in the
formtof thre€-dimensional transition which is typical for such systems. It is evident that in this pH range gels
are collapsedpand the subsequent shifting of the pH solution to alkalization doesn't significantly influence on
the eonformation of the polymer macromolecules.

Therefore, according to the submitted data it becomes apparent that hydrogels based on copolymers of
p-PGM with AA and MAA behave as typical polyelectrolytes containing ionized acidic groups covalent-
bonded to the backbone chain.

In continuation of the research works it was studied the influence of the mixed aqueous organic solvent
on the swelling of the polymer network based on copolymers of polypropyleneglycolmaleate with acrylic
and methacrylic acids. As model systems were chosen following mixtures of solvents: water — ethanol, wa-
ter — DMF, water — DMSO content of solvent in the mixture was varied from 0 to 1 volume percent (%).

Figures 3 and 4 reveal the curves of swellings of copolymers p-PGM with AA and MAA, which were
placed into the water-organic solvent mixture of different compositions.
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Figure 3. The influence of DMSO — water solvent (1), Figure 4. The influence of DMSO"=water solvent (1),
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of the copolymer based on p-PGM with AA, of the copolymer based* o p-BGM with MAA,
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Data presented in Figures 3, 4 reveal that the more the parameter values, determining the polarity of the
solvents, the better polymers swell in them. As it is seen from Eigure 4, the gel in the range from 0,3 to 0,7
volume percent in water- DMSO gradually shrinks due to the fact thatithe degree of dissociation of carboxyl
groups providing electrostatic repulsion of sub chains from eachiether reduces, after that the collapse occurs.
When we add DMF and ethanol into the system, the volumetrically=phase transition occurs at lower values of
added solvent due to the lower dielectric permittivity of the,medium of DMF and ethanol.

Conélusions

Thus, the experimental data have shown the petspectiveness of the use of polypropyleneglycolmaleate
for three dimensional cross-linked polymers which'ase susceptible to changes of external conditions.

References

1 Benue I'.B. HenacsiienHbie noifdadupsr. = M.: Xumus, 1968. — 19 c.
2 Ceoos JLH., Muxaiinosa 3. BeHenachiticnnbie nonnddpupsl. — M.: Xumus, 1977. — 50 c.

3 byprees M K., Maczymosa ALK "Bypreesa E.M., Taxcbaes E.M., Omawesa A.B., Hckaxosa JK.5. CunTe3 U HCCIeI0OBaHHE
COIIOJIMMEPOB HEHACHIILCHHOULHONMI(UPHOH CMOJIBI ¢ BUHMIOBBIMH MOHOMepamu // M13B. By30B. Cep. X¥MHS U XUM. TEXHOJIOTHSL.
—2012. —T. 55. — C. 60¢

4 HunoBaumonHblii mareHT Noj31799/02 / bypkees M.XK., Taxbaes E.M., Mycradun E.C., ®omun B.H., MarzymoBa A.K.
Crnioco6 nomyyeHrs: HEHACHINEHHOW OIMI(HPHON CMOJIBI U3 MAJICMHOBOM KUCIIOTHI U 3THICHITIUKOMA. — 26.12.2008.

5 Toponyesd d.M., Berozopoockaa K.B., bonoapenxo B.M. JJabopaTOpHBIA NPAKTHKYM 110 XUMHHU U TE€XHOJIOTHH BBICOKOMO-
JIEKYJIAPHBIX coenuHeHnit. — M.: Xumus, 1972. — 223 c.

6 Capéenoerosa AVK., ’Kopmaposa E.A., Bypxees M.JK., Taxcoaes E.M., Kasxcmypamosa A.T. MonexyaspHbIe MacChl U Xa-
PaKEepUCTHRU ATONASTIICHIJINKOIbMAIEHHATa, MONUIPONIICHIJINKOIEMaJIenHaTa, OIMITIICHIIINKONIb(TaNaTa, TOJUIIPOIICH-
pifrkobranata / Becrn. Kaparaun. yu-rta. Cep. Xumus. — 2014. — Ne 2(74). — C. 15-20.

7 4Knain I Aranmutiaeckast xumust noaumepoB. T. 1/ Iep. ¢ anrn., nox pen. A.A.Apect-Sky6osuua. — M.: Mup, 1965. —
45.c.

80, Kysneyos E.B., Juseyn C.M., Byoapuna JIL.A., Aésaxymosa H.H., Kypenxos B.®. IIpakTHKyM 10 XUMHH U (PU3UKE MTOTIUME-
poB. —=M.: Xumus, 1977. —27 c.

9  Tanaes UIO. // Ycnexu xumun. — 1995. — T. 65, Ne 5. — C. 505.
10 @ununnosa O.E. // Beicokomonek. coea. C. — 2000. — T. 42, Ne 12. — C. 2328.

Cepusa «Xumunsx». Ne 4(76)/2014 7



A.J.Sarsenbekova, M.Zh.Burkeev et al.

A.K.CopcenbekoBa, M.JK.bypkees, E.M.Tax06aeB,
A.T.Kaxwmyparosa, .B.@urypunene, A.O.MykabbuioBa

HMoMnponujieHrIMKoIbMAJIEHHAT IIeH AKPHUJI KIHE METAKPHJI KbIIIKbLIAAPbI
Heridingeri ce3rim ruaporeibaepAin Kacuerrepine pH opTraHbIH KoHe epiTKilI
CanacbIHbIH dcepi

Makasnana paJuKaiibl COIOJMMEpU3aLHsl MOJHIPONMICHITINKOIBMAICHHAT [IEH aKpHJI JKOHE METaKpuil
KBIIIKBUTBI HETi3iH/e OacTanKbl 3aTTap/AbIH op TYPJIi KaTbIHAcTapAarsl epiTiHfine anbiaraH. [lommmnponmnen-
[JIMKOJIbMAJICHHAT TEH aKpUJ JKOHE METaKpWJ KbIIIKBUIIAPBIHBIH COMOJMUMEpIIepi Heri3iHjeri ruaporesb-
JepliH Kacuertepine pH opTachlHBIH ocepi, epITKIIUTIH camachl 3epTTenai. I'uaporenabaepaid >xorapbiad
KOPCETIIITeH CBIPTKbI (haKTOpIIap/IbIH ©3repiciHe TaxKipuoOesni Typ/e ce3iMTal bUIbIFbI QHBIKTAIIBL.

A.XK.CapcenbekoBa, M.2JK.Bypkees, E.M.Tax0aes,
A.T.Kaxmypartosa, 1.B.®urypunene, A.O.Myka0OsblioBa

Bausinue pH cpeasl n kayecTBa pacTBOPUTEJIS HA NOBEACHUE
YYBCTBUTEJbHBIX THAPOresieil HA OCHOBE NOJIMIIPONWIEHTIHKOIBMATeNHATA
€ AKPWIOBOM M METAKPUWJIOBOH KHCIOTAMU

B craTtee BIICPBBIC OCYLICCTBJICHA paaUKaJIbHAsI COIIOJIUMEPU3ALN S TOJTUIIPONTUIIEHLIIMKOJIbMaJICHHAaTa C aK-
pI/I.IIOBOﬁ u MeTaKpHJ’IOBOﬁ KHACJIOTaMHU B paCTBOPEC MPU Pa3JINYHBLX COQTHOMICHUAX HWCXOJIHOW CMECH. I/I3yqe-
HBI BJIUSTHHUE pH Cp€abl, Ka4€CTBa paCTBOPUTEIIA HA IMOBEACHUC mz{poreneﬁ Ha OCHOBE COIIOJIMMEPOB MOJIU-
NPOMUJICHTTINKOJIbMaJIENHaTa € aKpHJ’IOBOﬁ n MeTaKpHJ’IOBOﬁ KHCJIOTaMU. SKCHepI/IMeHTaJII)HO YCTaHOBJICHA
YYBCTBUTCJIBLHOCTH rnﬂporeneﬁ K U3BMCHCHUIO YKa3aHHBIX BBINIE BHCIITHIX q)aKTOpOB.
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