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Abstract. The article discusses the method of radical copolymerization as an effective way to
obtain new polymer compounds with practically valuable properties. Due to the relative simplicity of this
method, it makes it possible to produce a large number of polymers for various purposes on an industrial
scale. Unsaturated polyesters of various compositions and molecular weights, which can significantly
affect the properties of the final products, are considered promising coreagents capable of entering into
radical copolymerization reactions with vinyl monomersThe following describes the structure analysis of
p-PGFPh copolymers with these acids, where important characteristics such as the presence of ionized
units in vinyl monomers are discussed. The significance of these studies for the creation of materials with
the necessary properties of sorption and interaction with other substances. Study of the influence of
environmental pH on the behavior of copolymers based on polypropylene glycol fumarate phthalate with
acrylic and methacrylic acids. The equilibrium degree of swelling of the studied copolymers in aqueous
solutions at different temperatures was also determined by the gravimetric method. In general, analysis of
the swelling curve when varying the acidity/alkalinity of the external solution indicates that the gels we
synthesized are polyelectrolytes; analysis of the curve when exposed to temperature, the resulting
copolymers are thermosensitive. Thus, the main idea of the article is the importance of using unsaturated
carboxylic acids to create polymer gels with high sorption capacity and emphasizes the importance of
analyzing the structure of such materials to understand their properties and application possibilities.
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1. Introduction

The radical copolymerization method is a polymer formation process
proceeding in accordance with the conditions of the free radical mechanism,
which is based on the sequential addition of molecules of an unsaturated
monomer compound to a growing macroradical. By modeling the radical
copolymerization process by using various initiators or replacing monomers with
close analogues, it becomes possible to obtain new polymer compounds with a
complex of practically valuable properties [1-3].

Due to the relative ease of formation of the polymer compound through
radical copolymerization, this method makes it possible to obtain on an industrial
scale more than half of all manufactured polymers for various purposes [4-7]. At
the same time, one of the promising co-reagents capable of entering into radical
copolymerization reactions with vinyl monomers to form solidified products is
unsaturated polyesters of different composition and different molecular weight,
which can have a significant effect on the property of the final products [8-9].

In [10-11] the authors described synthesis and research of copolymers of
polypropylene glycol fumarathate with vinyl monomers, which have a wide range
of applications, in particular, as moisture burners for wastewater treatment. In this
paper we have tried to study in more depth the degree of swelling to select
optimal parameters for their further use as flocculants.

2. Experimental part

In order to determine the degree of swelling, weighed amounts (~ 0.3 g) of
the synthesized copolymers were kept in distilled water for two weeks. The
equilibrium degree of swelling of the obtained gels is determined by formula (1)
[12]:

o=—-" (1)

where m — mass of swelling sample, g;
mo — dry mass, g.

The degree of swelling of the copolymers was also determined under the
influence of various external factors (pH variation of the medium, temperature).
Thus, buffer solutions have a certain stability of the concentration of H*ions. The
level of acidity (pH) of such solutions remains practically unchanged when small
volumes of strong acids or bases are added to them, as well as when their initial
concentration is changed by dilution or, conversely, concentration. Buffer systems
include a solution of a weak acid or salt thereof which is a proton donor and an
acid-conjugated weak base or salt thereof which is a hydrogen ion acceptor.
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Used for the present analysis of the effect of varying the pH values of the
medium on the behavior of copolymers of p-PGFPh with AA, the MAA universal
buffer mixture was made on the basis of 0.04 M solutions of H3PO,4, CH:COOH
and HsBOs. In order to obtain a buffer solution of the required acidity, a certain
volume of 0.2n of freshly prepared sodium hydroxide solution was added to 100
mL of the mixture [13].

The study of the effect of medium pH on the behavior of copolymers based
on polypropylene glycol fumarate phthalate with acrylic and methacrylic acids
was carried out by establishing their equilibrium degree of swelling in solutions
with different values of medium acidity by the gravimetric method. For this
purpose, samples of the tested copolymers (~ 0.3 g) were taken, which were then
kept in buffer solutions (pH from 2 to 9) until a constant weight was achieved.
The equilibrium swelling rate of the obtained gels was determined using formula
(1) [14].

The equilibrium degree of swelling of the tested copolymers in agueous
solutions at different temperatures (25-45 °C) was also determined by the
gravimetric method. To do this, weighed samples of the dry image were placed in
distilled water (pH 7), thermostated to a given temperature and kept in water until
a constant weight was established. The equilibrium swelling ratio was also
calculated using formula (1).

3. Results and discussions

According to previous studies, it was found that polymer gels obtained on the
basis of unsaturated carboxylic acids - AA and MAA - have high sorption
capacity. It is known from the literature that the original UP itself does not show
such hydrophilic properties. At the same time, analyzing the structure of the
obtained copolymers based on p-PGFPh with AA and MAA, it should be noted
that together with the vinyl monomer units, including the presence of ionized
carboxyl groups that are covalently attached to the main chain, there are also
unsaturated polyester units - p-PGFPh. The latter circumstance indicates the
probability of changing the properties and, accordingly, the behavior of the
spatially cross-linked copolymers based on p-PGFPh with AA and MAA obtained
by us in comparison with the already known vinyl hydrogels.

Due to the practical need to study the effect of various factors on the
behavior of spatially cross-linked binary systems of p-PGFPh with AA and MAA
obtained without and with the RAFT agent, the sensitivity of the above
copolymers to the effect of the acidity/basicity of the external environment,
temperature changes, as well as the presence of low molecular weight mono-, bi-
and polyvalent salts and solvents of organic nature in the external solution,
differing in polarity, was established. We selected copolymers of the composition
~ 10:90 mol%, ~ 50:50 mol% and ~ 90:10 mol% as the objects of study of the
influence of various factors.

Thus, in order to analyze the effect of variation in ambient temperature, in
accordance with the literature, it should be noted that there are three types of heat-

117



KA3AKCTAHHBIH XUMUA >KYPHAJIBI XUMHYECKHUY XX YPHAJI KA3AXCTAHA

sensitive gels. The first type includes gels that dramatically increase in volume
(swell) with increasing temperature. The second type, on the contrary, includes
gel samples that collapse as the temperature increases. The third type of polymer
gels combines the behavior of the first and second types of gels and is a mixed
behavior of the type "swelling - collapse - swelling" or "collapse - swelling -
collapse."

The existing difference in the behavior of gels with increasing temperature is
due to the difference in the nature of the interactions that determine the course of
the volume-phase transition. In this case, the weakening of the influence of
hydrogen bonds, which determine the onset of gel collapse, becomes the
determining factor: for example, with an increase in temperature, a decrease in
their dominant contribution to the behavior of the gel is observed, as a result of
which a significant increase in the size of the polymer network is observed, i.e.
the polymer swells. In contrast, when hydrophobic interactions dominate, an
increase in temperature results in a transition of the gel to a collapsed state. This
is explained by an increase in hydrophobic attraction with increasing temperature.

Analyzing the structure of binary systems of spatially cross-linked
copolymers of p-PGFPh with AA and MAA, it should be noted that an increase in
temperature will provoke a bulky-phase transition in the "swelling-collapse-
swelling" type. Thus, Figures 1 (a, b) show curves reflecting the behavior of the
above binary systems with increasing temperature:

o, LY
x
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a — p-PGFPh —AA composition: 1 — 6.77:93.23; 2 — 44.17:55.83; 3 — 86.67:13.33 mol.% at Mw: (p-
PGFPh); 4 — 5.14:94.86; 5 — 43.53:56.47; 6 — 84.24:15.76 mol.% at Mw2 (p-PGFPh);
b — p-PGFPh -MAA composition: 1 — 7.53:92.47; 2 — 45.02:54.98; 3 — 86.25:13.75 mol.% at Mw:
(p-PGFPh); 4 —5.06:94,94; 5 — 43.13:56.87; 6 — 84.15:15.85 mol.% at Mw: (p-PGFPh)

Figure 1 — Degree of swelling of p-PGFPh-VM copolymers versus temperature change.

Thus, based on the above, we can conclude that the copolymers based on p-
PGFPH (different molecular weight MW) with AA and MAA of different mole
composition synthesized by us are heat-sensitive gels, and by varying the
temperature of the external environment, it becomes possible to control their
behavior.

Further, the sensitivity of the obtained copolymers of p-PGFPH with AA and
MAA was determined by varying the pH of the external solution. The results
obtained are shown in Figures 2 (a, b):
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a —p-PGFPh —AA composition: 1 —6.77:93.23; 2 — 44.17:55.83; 3 — 86.67:13.33 mol.% at Mw: (p-
PGFPh); 4 —5.14:94.86; 5 — 43.53:56.47; 6 — 84.24:15.76 mol.% at Mw2 (p-PGFPh);
b — p-PGFPh -MAA composition: 1 — 7.53:92.47; 2 — 45.02:54.98; 3 — 86.25:13.75 mol.% at Mw:
(p-PGFPh); 4 —5.06:94,94; 5 — 43.13:56.87; 6 — 84.15:15.85 mol.% at Mw: (p-PGFPh)

Figure 2 — p-PGFPh-VM copolymers swelling ratio versus medium pH.

Analysis of the graphs of the degree of swelling of the copolymers versus the
change in pH of the medium shows that all samples are sensitive to the
acidity/alkalinity of the external environment. Thus, the maximum value of the
amplitude of the swelling degree of all tested copolymers is determined at pH
values close to a neutral medium, in particular, in the pH range from 5 to 7. The
amplitude jump reaches the greatest value in the copolymer p-PGFPh-AA of the
composition 6.77: 93.23 at Mw: (p-PGFPh). The explanation for this is the
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ionized carboxyl groups in the macro chains covalently attached to the main
chain. As a result of electrostatic repulsion of similarly charged carboxyl groups,
an increase in the size of the polymer network is observed. Moreover, with an
increase in the degree of dissociation of these carboxyl groups with a shift
towards an increase in the alkalinity of the environment, an increase in their
electrostatic repulsion is observed.

In turn, the acidic medium helps to suppress the ionization of carboxyl
groups, which leads to the formation of a more compact conformation of the
polymer network, i.e. its compression occurs - collapse. Moreover, the
enhancement of the collapse effect is strongly influenced not only by a decrease
in the number of ionized carboxyl groups, but also by an increase in the
importance of additional hydrogen bonds formed during compression between
these groups. The shift towards an increase in the pH values of the external
solution above pH 7 causes the unfolding of the polymer network, which has
adopted a globular conformation in an acidic medium. In this regard, swelling of
the polymer gel is observed. Two factors explain this. The first is a more
complete dissociation due to the formation of salt molecules in an external
solution. The second is the weakening in the alkaline medium of the dominant
influence of hydrogen bonds, which, in an acidic medium, on the contrary,
contribute to the transition of the gel to the scalloped state. It is worth noting that
hydrophobic interactions in this case are so weak that they do not have any
significant effect on the mutual attraction of the polymer network links.

In general, the analysis of the swelling curve with variation in the
acidity/alkalinity of the external solution indicates that the p-PGFPh gels with AA
and MAA we synthesized are typical polyelectrolytes.

4. Conclusion

The acidic environment helps to suppress the ionization of carboxyl groups,
leading to the formation of a more compact conformation of the polymer network,
i.e. its compression occurs - collapse. In this case, the enhancement of the
collapse effect is strongly influenced not only by a decrease in the number of
ionized carboxyl groups, but also by an increase in the importance of additional
hydrogen bonds formed during the compression process between these groups. A
shift towards increasing pH values of the external solution above pH 7 causes the
unfolding of the polymer network, which has adopted a globular conformation in
an acidic environment. In this regard, swelling of the polymer gel is observed. In
conclusion, it can be noted that the copolymers we synthesized based on p-PGPP
(of different molecular weights MW) with AA and MAA of different molar
compositions are stimulus-sensitive polymers, passing into a swollen or collapsed
state under the influence of such external factors as varying temperature
conditions, acidity of the external environment. This circumstance indicates the
prospects of carrying out targeted synthesis of the above binary systems UP-VM
of various molar compositions using the RAFT agent.
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RAFT COMOJUMEPU3ALIMACBIHIAFBI BUHAPJIBI )KYWUEJEPTE CHIPTKBI
DAKTOPJIAPJIBIH 9CEPI
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Tyiiingeme. Makanana pagukaiIsl COIOIMMEpJEY 9fici ic XKy3iHIe KyHIsl Kacuerrepi Oap jxaHa
MOJMMEPITi  KOCBUTBICTAPBl aNyIbIH THIMII 9ici peTiHae KapacThipblLiagsl. By ofic KaHBIKIaFaH
MOHOMEPJTi KOCBUIBIC MOJICKYJIAJIAPBIHBIH OCII Kejle )KaTKaH MaKpopaJuKaliFa J9HeKTi KOCUTYbI )KYPETiH
epKiH pajMKaIbl MEXaHH3MIe Heri3geireH. By oicTiH caybiCTBIpMalbl KaparnaibiMIbUIBIFBIHBIH
apKachIHAa OJ1 OHEPKICINTIK MaciitabTa 9pTypIi MaKcaTTarbl MOJIMMEPIIEPAIH KOIl MOIIIEpiH OHAIpyre
MYMKIiHIIK Oepeni. BuHnin MoHOMepiepiMeH paauKaiibl COMOIMMEPIICHY PeaKiUsIapblHa TYCE allaThIH
MePCIIEKTUBAJIBI COPEAreHTTEeP PETIHIE P TYpIli KYpaMJIarbl )KoHE MOJIEKYJIAbIK MacCaIarbl KaHbIKIIaFaH
noydGUpIep KapacThIPbLIaAbL, Olap COHFBI OHIMIEPAIH KacHeTTepiHe alTapibIKTail acep €Tyl MYMKiH.
Makanazma KaHbIKaraH KapOOH KBIMIKbULIAPbIHAH alIbIHFAH MOJUMEPII TelbIepAi 3epTTey HOTHKENIepi
TaJIKbUIAHAABL. ABTOpP MyHJIal TelbIepAiH COPOLMSIBIK CHIHBIMIBUIBIFBI JKOFApbhl €KeHIH Kepcere
OTBIPBIII, AJJBIHFBI 3epPTTEYJIEpre CiiTeMe )Kacaiiibl, al GacTarkbl MaTepHall ykcac KaCHETTepre ue eMec.
Temenne p-pgff Herizinzeri cononumepaepaiH KYpPbUIBIMBIH OCBI KBIIIKBUIIAPMEH TaJlay CHIATTAJIFaH,
MYH/Ia BUHWJI MOHOMEpJIEpiH/e MOHJAJIFaH OaiaaHbICTapabIH OOJybl CHSKTHI MaHBI3/bl CHIIATTaMasap
TaJKbUIaHaBl. Byl 3epTTeynepaiH KakeTTi copOuus xoHe 0acKa 3aTTapMEH OpeKeTTecy KacHeTTepi 0ap
MaTepHanapibl  JKacaydarbl  MaHBI3IbUIBIFBL.  AKPWJI  JKOHE  METakpWil  KBIIIKbUIAAphl  Oap
MOJUITPONMICHIINKOIb(pyMapaTTaaaT Heri3iHgeri CcomomuMepepaiH MiHe3-KyJIKbiHa opTaHbiH pH
acepiH 3eprTey. | paBUMETPUMSUIBIK OMAICIICH SPTYpJi TeMIepaTtypaa Cyibl epiTiHALIepae 3epTTeNeTiH
COTIONIMMEPJIEPiH ICIHYIHIH Teme-TeHOIK Jopekeci JAe aHbIKTanabl. TyTactaid anFaHzga, CHIPTKBI
epITIHAIHIH KBIIIKBULIBIFBI/CUITIIITIHIH ©3repyiH/er] iCiHy KUCBIFBIH Tajiay 013 CHHTE3/ereH TeibIepaiH
MOJIUAJIEKTPOJIUTTED CKEHIH KepceTeli, TemIlepaTypara YIIbIpaFaH Ke3lAe KHCBHIK CBI3BIKTBHI Talaay
HOTIKECIH/IC aJIbIHFAaH COMOJHMMEpJep BICThIKKA ce3imTan. Ochuiaifiiia, MakKaJaHbIH HETi3r1 MaKCaThl
JKOFapbl COPOLMSIIBIK CHIHBIMIBUIBIFBI Oap MoJMMep i reiblepll jkacay YILIH KaHbIKIaraH KapOoH
KBILIKBUIIAPBIH MaialaHyAblH MaHBI3ABLUIBIFGI  OONBIN TaOBLIAABl JKOHE OJapIblH KACHETTEepi MEH
KOJIaHy MYMKIHIIKTepiH TYCiHY VIIIH OCBIHIAll MaTepUaiJapiblH KYPBUIBIMBIH  TalIayIblH
MAaHBI3/IbLIBIFBIH KOPCETE .

Tyiiin ce31ep: KaHBIKIaFaH HoIU3GHUpIEp, BUHII MOHOMEpIIEpi, KOpIIaraH OpTaHbIH acepi. pH
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Pe3tome. B crathe paccMarpuBaeTcsi METO/ paJUKalbHONW COMONIMMEPU3aLU KaK P (EKTUBHbINA CrI0c00
MIOJyY€HHsI HOBBIX IOJIMMEPHBIX COCIUHEHWH C IPAKTHYECKH LEHHBIMH CBOHCTBAMH. OTOT METOJ
OCHOBaeTCs Ha CBOOOAHO-PAaJUKAILHOM MEXaHH3ME, B KOTOPOM HPOUCXOIHUT IOCJIEIOBATEIbHOE
NIPUCOEINHEHUE MOJIEKYJl HEHACHIIIEHHOIO MOHOMEPHOIO COEIUHEHHS K PACTyHIEMY MaKpOpaJuKaly.
Braronapst OTHOCHTENBHOM MPOCTOTE 3TOrO0 METOAA, OH MO3BOJLSIET MPOH3BOJUTH OOJBIIOE KOJIHYECTBO
MOJIMMEPOB PA3IMYHOrO Ha3HAYeHHs B NPOMBILUICHHBIX Macilitabax. B kauyecTBe NepCHEKTHBHBIX
COpEareHTOB, CIIOCOOHBIX BCTYHNAaTh B PEAKUMH PAJUKAILHOW CONOJIMMEPU3aLUH C BHHHIOBBIMU
MOHOMEpaMH, pacCMaTpPHUBAIOTCS HEHACHIIICHHBIE MOIMA(HPHI Pa3IMYHOIO COCTaBa M MOJEKYJSPHON
Macchl, KOTOPBIE MOTYT 3HAYUTEIILHO BIUATH HA CBOWCTBAa KOHEUHBIX IIPOIYKTOB. B cTaThe oOCcyxmatorcst
pe3yJbTaThl MCCIECAOBAaHUN IOJMMEPHBIX Teliel, MOMYYeHHbIX Ha OCHOBE HEHACBIIICHHBIX KapOOHOBBIX
KUCIIOT. ABTOpP CCBHIIAeTCsl Ha INpPEABLAYLIME HMCCIEJOBAHMS, IOKa3blBas, YTO TaKHe Telu 00JIalaioT
BBICOKMMH I10Ka3aTeNIIMH COPOIIIOHHON E€MKOCTH, B TO BpeMsI KaK MCXOJAHBIH Marepuai He obiamaer
MOJJOOHBIMU CBOMcTBaMH. Jlasiee onmchIBaeTCsl aHAM3 CTPYKTYpBI CONOIMMEPOB Ha ocHoBe M-III'DD ¢
JIAaHHBIMU KHUCIJIOTaMH, I7ie 00CYKIAI0TCS Ba)KHBIE XaPAaKTEPUCTUKH, TAKHE KAK HAIMYHE MOHU3UPOBAHHBIX
3BCHBCB B BHHMJIOBBIX MOHOMEpax. 3HAYMMOCTb 3THX HCCJIEIOBaHWI JJIsI CO3MaHUS MaTepHaloB C
HEOOXOAMMBIMHM CBOWCTBAaMH COpOLIMM W B3aMMOJCHCTBHS C JpyruMH BemiectBamu. lcciemoBanue
BIMsHUS PH cpenbl Ha MOBEAEHHE CONMOJIMMEPOB HA OCHOBE IMOJMUIPONMMICHIIHMKONb(GyMapaTdranaTa ¢
aKpWJIOBOM M METaKpWJIOBOM KHCIOTaMH. ['paBUMETPUYECKHMM METOAOM TakKXKe ONpeAesiach Hu
paBHOBECHasI CTEIEHb HAOYXaHMs HCCIICIyEMBIX COIOJIMMEPOB B BOJHBIX PAacTBOpaxX IIPH Pas3IHMYHBIX
Temreparypax. B memoM, aHanu3 KpUBOH HaOyXaHMs IIPHU BapbUPOBAHMH KHCIOTHOCTHIO/IIEIOYHOCTEIO
BHEIIIHETO PAacTBOpa YKa3bIBaeT Ha TO, YTO CHHTE3UPOBAHHBIC HAMHU €U SABJIAIOTCS MOIUIICKTPOINTAMH,
aHaNU3 XoJa KPUBOW IIpU BO3JACHCTBHM TEMIEPAaTypol MONTyYEHHBIE COIMOJIMMEPHI SBISIFOTCS
TEPMOYYBCTBUTEIBHBIMU. TakuM 00pa3oM, OCHOBHAas MBICIb CTaTbU 3aKJIIOYAeTCs B 3HAYUMOCTH
WCTIOJIb30BAaHMsI HEHACBHIIICHHBIX KapOOHOBBIX KHCIJIOT JUIS CO3JaHUsS MOJMMEPHBIX TI'elied C BBICOKOH
COpOLIMOHHOM EMKOCTBIO M MOAYEPKUBAET BAXHOCTh aHAJIM3a CTPYKTYpPHl TaKHUX MaTEepUaoB JUIS
TIOHMMaHUS UX CBOMCTB U BO3MOXHOCTEH IIPUMEHEHHUS.

KioueBble cioBa: HenachbiueHHble moiand(UpbI, BUHWIOBBIE MOHOMEpBI, BIMSHUE OKpYKarouieit
cpensl. pH, moBeaeHune cononmmmepos
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