KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUY XKXYPHAJI KA3AXCTAHA

Chemical Journal of Kazakhstan
Volume 1, Number 93(2026), 60-68 https://doi.org/10.51580/2026-1.2710-1185.06

VJIK 541.12

FEATURES OF THE INTERACTION OF INTERGEL SYSTEMS BASED
ON POLYACRYLIC ACID AND POLY-2-METHYL-5-VINYLPYRIDINE
WITH GOLD IONS

T.K. Jumadilov'?, G.T. Dyussembaeval?", Zh.S. Mukatayeva?,
Kh. Khimersen'?, B. Erzhet?, J.V. GraZulevicius®

1 A.B. Bekturov Institute of Chemical Sciences JSC, Almaty, Kazakhstan
2Abai Kazakh National Pedagogical University, Almaty, Kazakhstan
3Kaunas University of Technology, Kaunas, Lithuania

“Corresponding author e-mail: g_gazinovna@mail.ru

Abstract. Introduction. In the interpolymer system of polyacrylic acid and poly-2-methyl-5-
vinylpyridine, the change in the mutual activation of polymer hydrogels with different degrees of
crosslinking as a result of remote interaction of the two hydrogels was determined, and their effect on the
process of gold ion sorption was studied [1,2]. The purpose aim of the work is to study the sorption
capacity of intergel systems based on poly-2-methyl-5-vinylpyridine and polyacrylic acid in relation to
gold ions [3,4]. The obtained results The maximum degree of sorption of the gPAA:gP2M5VP
interpolymer systems increased to 0.645 mol/L at a polymer molar ratio of 5:1 within 48 hours of
interaction, and then gradually decreased to 0.575 mol/L. The maximum pH values of the intergel system
gPAA:gP2M5VP are observed at a ratio of 3:3, corresponding to a pH of 2.99. The minimum pH value is
2.96 at a ratio of 2:4. The overall swelling ratio (Ksw) increases from 0.8 to 3 during the conformational
rotation of the interstitial unit. Conclusion. According to the results, the electrochemical properties of
hydrogels of polyacrylic acid and poly-2-methyl-5-vinylpyridine in the interpolymer system were studied
and the optimal molar ratios were determined. Thus, as a result of these studies: the obtained experimental
data on specific electrical conductivity of the solution, pH of the medium and swelling coefficient of
hydrogels showed that the presence of remote interaction between acrylic acid and 2-methyl-5-
vinylpyridine hydrogels has a significant effect on the initial polymer network and physicochemical
properties of the solution.
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1. Introduction

In recent years, work that has attracted the attention of scientists and has
been intensively studied is primarily focused on the separation of gold ions from
solutions by creating interpolymer systems of cross-linked polymers with high
sorption properties and selectivity, as well as on the determination and analysis of
their sorption capacity [5,6]. A distinctive feature of the ionization process in
interpolymer systems is the absence of a counterion in one part of the ionized
chains. This is a consequence of interpolymer interactions, leading to mutual
activation of polymers and the formation of unbalanced charges along the
polymer chain. During the dissociation of acidic polymers, a proton is separated
from the carboxyl group, and this ion combines with a heteroatom of the base
polymer in an agueous medium, resulting in the formation of a neutralized charge.
In this case, the charge density of the base polymer is limited by the degree of
dissociation of the acidic polymer. As a result, the polyacid undergoes ionization,
followed by dissociation of the carboxyl group, and then the association of
protons with the polybase heteroatom, resulting in both polymers having equally
charged groups in the interstitial chain links without counterions. Therefore,
interpolymer systems have a higher sorption capacity compared to individual
polymers [7-9]. Based on the long-distance interaction, hydrogels of polyacrylic
acid (PAA) and poly-2-methyl-5-vinylpyridine (P2M5VP) were selected for the
formation of an intergel pair in intergel systems. Purpose of the studypoly-2-
methyl-5-vinylpyridine and polyacrylic acidStudy of the sorption capacity of
intergel systems based on gold ions.

2. Materials and Methods

The study was conducted at room temperature over various time intervals.
The interpolymer system was prepared as follows: each dry mass of hydrogel was
weighed and placed separately into specially prepared individual polypropylene
cells (filters) permeable to molecular ions and molecules, but not to hydrogel
dispersions. Electrochemical changes (specific conductivity, pH) of the aqueous
solution were measured at various time intervals. The mass of the empty cell (g)
was subtracted from the mass of the cell filled with hydrogel. gPAA:gP2M5VP.
The swelling degree of the hydrogels was calculated. We poured 200 ml of the
prepared solution into seven glasses and added seven different ratios of
gPAA:gP2M5VP We conducted a study by placing a cell containing gels in an
intergel system. A polyacrylic hydrogel was synthesized in the presence of the
cross-linking agent N,N-methylene-bis-acrylamide and the K;S;0s-Na,S,03 redox
system. Poly(2-methyl-5-vinylpyridine) hydrogel (gP2M5VP) was synthesized
from the linear polymer in a dimethylformamide medium in the presence of
epichlorohydrin at 60°C. The degree of purification was monitored using a
conductivity meter. During the study, the synthesized poly(2-methyl-5-
vinylpyridine) hydrogel was washed with distilled water for two weeks, dried for
one week, and used for experimental work. Conductometer MARK 603 for
determining the electrical conductivity of aqueous solutions.The study was
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conducted by Expert 002 (Econix-Expert, Moscow, Russian Federation).To
measure pH values, use pH Lab 827 (Metrokhm, Heritzau,Objects (Switzerland)
were used. The study of the electrochemical properties of polymers allows us to
predict the formation of highly ionized regions of polymer structures during long-
range interaction.

3. Results and discussion

Based on our systematic work, we first synthesized the required acidic
hydrogels based on polyacrylic acid (gPAA) and poly-2-methyl-5-vinylpyridine
(gP2M5VP) and analyzed their properties using various methods. Having created
an intergel system, we studied the selective adsorption of the gold ion HAUCI. in
various gPAA:gP2M5VP ratios. Previous studies have shown that hydrogels
interact with each other at a distance in various combinations, changing their
electrochemical and volumetric-hydrodynamic properties [10]. To create an
intergel system by mixing poly (2-methyl-5-vinylpyridine) gel with poly(acrylic
acid) in different ratios, we first studied the changes in electrical conductivity, pH,
and swelling coefficient of the synthesized poly (acrylic acid). Figure 1 shows the
changes in the specific electrical conductivity of the medium over certain time
intervals at different molar ratios of the gPAA:gP2M5VP intergel system. We
observe that at ratios of 6:0 and 5:1 in the intergel system, the specific electrical
conductivity of the medium reaches its maximum value, suggesting mutual
activation of the hydrogels and their transition to a highly ionized state based on
long-distance interactions. The maximum degree of sorption of the
gPAA:gP2M5VP intergel system is observed at a molar ratio of polymers of 5:1
over 48 hours of interaction. We see that the concentration of gold ions increases
to 0.645 mol/L and then gradually decreases to 0.575 mol/L. The figure also
shows high conductivity values at a hydrogel ratio of 4:2, which is 0.625
mol/L.The maximum values observed at the top point indicate an increase in the
concentration of electrical conductivity charge carriers, which is explained by the
maximum formation of ionic bonds and the corresponding increase in electrical
conductivity as a result of the optimal number of carboxyl and amino groups.High
values of specific electrical conductivity of the intergel system gPAA:gP2M5VP
in a ratio of 1:5. Indicates the presence of H* ions in an aqueous medium. The
concentration of H* ions depends on the degree of dissociation of the carboxyl
groups.The presence of a maximum on the curve indicates that the speed of ion
movement in dilute solutions of strong electrolytes does not depend strongly on
concentration.In a solution of HAuUCls-4H20. Changes in pH of the environment
are shown in Figure 2.
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Figure 1 — Dependence of parameters of intrinsic electroconductivity of
gPAA:gP2M5VP hydrogels with different ratios on molar ratios.

The results of the study show that the minimum and maximum pH values are
observed in the HAuUCIl4-4H>0 solution. The maximum pH point of the medium is
close to neutral at a ratio of 6:0, pH max = 3.03. The minimum pH values of the
gPAA:gP2M5VP intergel system medium are observed at ratios of 4:2 and 1:5,
and the maximum values are at ratios of 5:1 and 3:3, respectively, at a ratio of 3:3,
pH max = 2.99. These values indicate that a low pH value indicates an increase in
the concentration of hydrogen ions, and a high pH value indicates a low
concentration of H* ions. At a ratio of 4:2, pHmax = 2.98, and at a ratio of 2:4,
pH max = 2.96. These values indicate that the concentrations of H* and OH" ions
in the solution are close. In a HAuCls-4H,O solution, the pH of the medium
slowly increased at a ratio of 2:4, and then the hydrogen concentration remained
constant, indicating the formation of hydroxyl ions as a result of the interaction of
the base with water molecules in the solution. In the intergel system, at an
equimolar ratio of 3:3, complete neutralization of H* and OH" ions occurs. At this
ratio, the electrical conductivity of the system is minimal. At a ratio of 1.5, the pH
decreases, and the electrical conductivity reaches its maximum. As can be seen
from the figure, the low pH and high electrical conductivity are due to the
influence of H* ions. gPAA:gP2M5VP The dependence of the swelling
coefficients (Ksw) of the intergel system on different time intervals is shown in
Figure 3. The swelling ratio of the g°PAA hydrogel remains constant at a ratio of
6:0 over different time intervals. This indicates that the hydrogel has a limited
capacity to absorb water, as only one polymer, gPAA, is present in this system.
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Figure 2 - Dependence of pH of the intergel system of polyacrylic acid
and poly-2-methyl-5-vinylpyridine on the molar ratios of hydrogels.

The swelling coefficients of the hydrogels were Ksw (gPAA)=10.1 and
(gP2M5VP) = 0.46. These data indicate a high degree of ionization of both
hydrogels at this stage. The concentration of H* and OH" ions is proportional to
the concentration of the hydrogels and their degree of swelling. In the
HAuUCIs-4H,0 solution, at a certain ratio of acidic to basic hydrogels, we
observed the highest swelling coefficient (Ksw) at a ratio of 1:5 after 48 hours
compared to the initial hydrogels, indicating a high degree of ionization of the
hydrogel at this stage.
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Figure 3— Dependence of the degree of swelling of gPAA in the presence of
hydrogel P2M5VP on the molar ratio of hydrogels.

The high degree of H* ionization is explained by the excess of polyacid in
the solution and the high dissociation of COOH groups. The figure shows that the
swelling coefficient (Ksw) increases with time, and after a certain time, swelling
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ceases. The swelling coefficient (Ksw) of the polyacrylic acid hydrogel in the
intergel system in the presence of poly(2-methyl-5-vinylpyridine) demonstrates
that the volumetric and gravimetric properties of the hydrogels change during
long-distance interaction. A sharp increase in the size of the poly(2-methyl-5-
vinylpyridine) gel is observed in the ratios of 4:2 and 3:3. As a result of long-
distance interaction in the HAuCI44H,O solution, a sharp decrease in the
swelling coefficient is observed in the ratio of 3:3, which is due to an insufficient
swelling rate and low concentrations of the main groups.

gPAA:gP2M5VP Figure 4 shows the dependence of the swelling degree
(Ksw) of poly-2-methyl-5-vinylpyridine gel on time at different time intervals in
the intergel system. Unlike the cross-linked hydrogel gPAA, the hydrogel
P2M5VP exhibits a stepwise change in the swelling degree (Ksw) over time. The
maximum swelling of the gel gP2M5VP is observed at ratios of 5:1 and 4:2,
which is evident from the change in the swelling coefficient of poly-2-methyl-5-
vinylpyridine gel with a certain time interval, which increases to a minimum
value of 0.1 and a maximum value of 2.1, as evidenced by the change in the
volumetric-gravimetric properties of poly-2-methyl-5-vinylpyridine hydrogel and
polyacrylic acid hydrogel.

The maximum swelling values of the hydrogels are also maintained at a ratio
of 2:4. This is explained by the neutralization of hydroxyl ions by protons and a
very low degree of dissociation of carboxyl groups while maintaining a high
concentration of positive ions in the solution. gPAA:gP2M5VP hydrogels in the
intergel system showed a minimum value at a ratio of 4:2 in a HAuCl4-4H;0
solution, which is due to the insufficient swelling rate of the main groups and
their low concentration.
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Figure 4 — Dependence of the degree of swelling of gP2M5VP in the presence of
gPAA hydrogel on the molar ratio of hydrogels.

Thus, the poly(2-methyl-5-vinylpyridine) hydrogel changes its volumetric
and gravimetric properties compared to the polyacrylic acid hydrogel. Overall,
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(Ksw) increases from 0.8 to 3 during the conformational rotation of the internodal
unit (Ksw). That is, the swelling coefficient increases by 3.8 times. The minimal
reduction in swelling in this region is associated with the formation of an
intramolecular bond of the >NH+...N< type or the formation of an intramolecular
association. As the gPAA concentration in the aqueous medium increases, the
swelling process intensifies, and Ku increases significantly. In this case, the local
conformational change and the inverse arrangement of interstitials are explained
by an increase in chain charge density, which leads to the rupture of
intramolecular bonds.

4. Conclusion

The results of numerous studies and analyzes, depending on the amount and
volume of cross-linked polymers used in the synthesis, show that mutual
activation of interpolymer systems of polyacrylic acid and poly-2-methyl-5-
vinylpyridine leads to a significant increase in their sorption capacity.
Experimental data on the specific electrical conductivity of the solution, pH of the
medium and the swelling coefficient of the hydrogels showed that the presence of
long-range interactions between acrylic acid and 2-methyl-5-vinylpyridine
hydrogels has a significant effect on the initial polymer network and the
physicochemical properties of the solution; the presence of areas of abnormally
high electrical conductivity at the lowest gPAA:gP2M5VP ratio indicates the
presence of highly concentrated charged ions; in an equimolar gPAA:gP2M5VP
ratio, association of H* and OH ions with each other and intermolecular
duplication of hydrogels occurs; As a result of long-distance interaction,
additional activation of the hydrogels occurs, i.e., the interstitial chain acquires an
additional charge without a negative ion; long-distance interaction leads to a
conformational change in the interstitial chain in both hydrogels, which causes
their additional swelling; at a certain ratio of gPAA:gP2M5VP, a zone of
intramolecular association formation was identified in the gP2M5VP hydrogel,
which leads to rotation of the polymer network.
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Tyitingeme. Kipicne. Ilonuakpuil KbIIKBUIBI MEH IIONH-2-METHI-5-BHHIINUPUIUH HHTEPIIOIUMEPIIK
JKyHeciHae €Ki THAPOTeNIiH KAaIIBIKTBIKTaH OPEKETTeCyl HOTIKECIHIE TOpJiaHy Iopexeci op Typii
MOJIMMEPJTIK THAPOTeIIEPiH ©3apa aKTUBTCHYIHIH ©3repici aHBIKTAJbI, OJIAPIBIH AJITHIH HOHAAPBIHBIH
copbumsiiay yaepicine turizetin ocepi 3eprrenai [1,2]. JKymeicmoiy makcamvr monu-2-meTHII-5-
BUHUJIMUPHUANH JKOHE MOJUAKPUI KBIIIKBLIIBI HETi3iHIe KYPbUIFAH MHTEPIeNbi KyHenepaiH alTblH
HOHIapBIHA KATHICTBI cOpOUMsIBIK Kabimerin 3eprrey [3,4]. Anvinean nomuoicenep. TTIAK:TII2MSBIT
HMHTEPIONIMMEpIl KyHenepiHiH MakcuMaiabl copOims jgopexkeci 48 caraT opekerTecy KesiHje
nonuMepiepaiH 5:1 MOMNSpPIbIK KaThblHACTAPhIHAA ANTHIH MOHAAPBIHBIH KOHLEHTpauuscsl 0.645 Monb/n
MeJuIepiHe JeiiH xoFapiar, apsl Kapait Oiprinaen 0.575 monw/n azaiiran. [TAK:TI2MS5BII unteprensai
KyHeciHiH pH oprachiHBIH MakcuMasl MoHAEpi 3:3 KaThiHACkIHAA Oaiikana sl coiikecinme pH 2.99 teH.
An munnmyM 2:4 kateiHacbiHaa pH moHi 2.96 teH. JKanms! iciny nopexeciniy (Ki) TyiliHapanbik OybiH
KoHpopMasUIBIK  aiiHany ypaiciane  (Ki) 0.8 nmen 3-xe meitin eceni. Kopwimwinovl. Kemnreren
3epTTeyjiep MEH TaliaylapAblH HOTWKeNepl CHHTe3Aey OapbIChIHIAFbl MaiIanaHfaH ChI3BIKTBIK
MOJIMMEpJIEPMEH OHJIAFbl KOCBHIMIIIA PEareHTTEp/iH MeJIIepiHe, KOeJIeMiHe Kapai alblHFaH MOTiMETTep
MOJIMAKPHT KBIMIKBUIEI MEH IOJIH-2-METWI-5-BUHWINUPHANH HMHTEPIOIUMEpIIi KyHerepiHiy e3apa
aKTUBTEHYI OJap/IbIH COPOLMSIIBIK KAaOICTIHIH alfTapibIKTall )OFapbUIayblHa OKSIETiHIH KepceTe .

TyiiiH ce3mep: HHTEPNOTUMEPIIK IKyile, HOHHUTTEP,IOJHAKPUI  KBIIKBUIBL, MOJNU-2-METHI-5-
BUHWJIMHUPUINH, KAIIBIKTHIKTAH ©3apa dPeKeTTEeCy, THIPOTeNbIep, 63apa aKTHBTECHY, COPOLHS.

Jicymaounos Tankwioex Koscamaeguu Xumusi FolibMOapbiHbIH OOKMOpbl, npogheccop
Hrwcemoaesa I'ynonyp Tokmapzazunosna PhD doxmopanm
Mykamaesa Kazupa Cazambexosna Xumus Fo1161M0apbIHGIE, KAHOUOAMbL,
KayblM. npogeccop
Xumspcean Xyanzyn PhD, ebiibimu Kbizmemep
Epowcem bapnazyno mazucmp.
I'pasicynasuuroc KOozac Buodac IIpogpeccop

OCOBEHHOCTH B3AMMOJIEMCTBUAS WHTEPTEJEBBIX CHUCTEM HA OCHOBE
MOJUAKPAJIOBOM KUCJOTHI U MOJIA-2-METHJI-5-BUHUINIUPUIUHA C HOHAMHU
30JI0TA

T.K. [Incymaounos*?, I.T.[locembaesa™?", JK.C.Myxamaeea?, X. Xumapcon'?,
B. Epycem?, I0.B.Tpaxcynasuuioc®
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2Kasaxckuii nayuonanbublii nedazouyeckuii ynusepcumem umenu Abas, Anmamor, Kazaxcman
3Kaynaccruii mexnonoauueckuii ynusepcumem, Kaynac, Jlumea

Pe3ome. Bgeoenue. B pesynbTare [IUCTAaHIMOHHOTO B3aHMMOJCHCTBHS JBYX THIpOrelied B
HHTEPHOIMMEPHOH CHCTEME IONHAKPHIOBOH KHCIOTHI U IOJIH-2-METHI-5-BUHWINMUPHANHA OBLIO
OIPE/ICNICHO HM3MCHCHHE B3aMMHON AKTHUBALMKM IOJIMMEPHBIX THAPOTENeld ¢ pas3nyHOIl CTEeNeHbI0
CIIUBAHMS, A TAKIKE U3YUEHO UX BIMAHHUE HA MPOIIECC COpOLHMU HOHOB 30i0Ta [1,2]. [Jeavio pabomel 610
n3ydeHHe COpPOILMOHHOM CIIOCOOHOCTM HMHTEPreleBbIX CHCTEM Ha OCHOBE  I1OJH-2-METHII-5-
BHHWIITMPUMHA W IIOJMAKPHIOBOH KHCIOTHI II0 OTHOLICHHIO K HOHaMm 3oiorta [3,4]. Ionyuennvie
pesynbmamul.  MaxkcumanpHasi CTENeHb copOumu  uHTeprnoiuMmepHbix cucteM TIIAK:TII2M5BP
yBenuumiack a0 0.645 MOJB/I MPH MOJNSIPHOM COOTHOMICHHHM TONUMepoB 5:1 B Teuenue 48 dacos
B3aMMOJICHCTBUS, a 3aTeM MOCTENIeHHO cHU3MIack 10 0.575 moink/n. MakcumanbHble 3HaYeHus: PH cpensl
unreprenesoit cucremsl TITAK:TII2MS5BII nHaGmonanuch npu cooTHomeHuu 3:3, cooTBeTCTBEHHO, PH
2,99. A py MUHUMAJIBHOM COOTHOIIeHUH 2:4 3HaueHne PH cocrasser 2,96.

Ob6mas crenens Habyxanus (KH) yBennunBaetcs ¢ 0.8 10 3 B mporecce KOHGOPMAIMOHHOTO BpAILCHHUS
MEXKJI0y3JI0BOT0 3BeHa. Bbigod. I1o pe3ynbTaTaM HCClIeIOBaHUH M3ydYeHBI JIEKTPOXUMHYECKHE CBOIicTBa
THIPOTeliel MOJHAKPUIOBON KUCIIOTHI U TOJIH-2-MEeTHII-5-BUHIINUPHIMHA B HHTEPIIOIMMEPHON CHCTEME
U OIpE/IeNIeHbl ONTHMAJbHBIE MOJBHBIE COOTHOIIEHUsS. Takum 00pa3om, B pe3ysibTaTe MpPOBEACHHBIX
UCCIIEN0BaHUIL: MOTyYEeHHbIE KCIIEPUMEHTAIbHBIC JAHHbIE 110 YISJIbHON 3JIEKTPOIPOBOIHOCTH PacTBOpA,
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pH cpensl u kodhduumeHty HaOyXaHUs TMApOrened IOKa3ald, 4YTO HAJIWYUE IUCTAHLHOHHOTO
B3aMMOJICHCTBUS MEXKIY aKpWJIOBOW KHCIOTOW M 2-METHII-5-BHHIIIMPHIMHOM THAPOTENEH OKa3bIBacT
CYIIECTBEHHOE BIIMSHHE HA HCXOIHYIO HOJIMMEPHYIO CETKY U (PU3HKO-XUMHYECKHE CBOICTBA pacTBopa.

KiioueBsble cj10Ba: HHTEPHOIMMEPHAS CHCTEMa, HOHUTBI, THAPOTEIH, TTOJIHAKPUIIOBOM KHCIIOTA, MOJH-2-
METHII-5-BUHUINUPHUIHH, AUCTAHIMOHHOE B3aUMO/ICHCTBHE, B3aMMHAsl aKTHBALIHS, COPOLIHSL.
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