EHBEK KbI3BLT TY OPJEH/II
«®. B. BEKTYPOB ATBIHJIAFBI
XUMUS FBUTBIMJIAPBI MTHCTUTY ThI»
AKIIMOHEPJIIK KOF AMBI

KA3AKCTAHHBIH
XMmst JKYPHAJTBI

XMMUUYECKU JKYPHATI
KA3AXCTAHA

CHEMICAL JOURNAL
of KAZAKHSTAN

AKIIMOHEPHOE OBHIECTBO
OPJIEHA TPYJJOBOI'O KPACHOI'O 3HAMEHHA
«MHCTUTYT XUMMNYECKHNX HAYK
M. A. b. BEKTYPOBA»

1 (61)
SIHBAPL — MAPT 2018 r.

U3JAETCSH C OKTABPA 2003 'OLA
BBIXOJUT 4 PABABTO/]

AJIMATBI
2018



ISSN 1813-1107 M1 2018

UDC 541.132/.132.4

T. K. JUMADILOV, R. G. KONDAUROV, S. 4. KHAKIMZHANOV,
H. HIMERSEN, G. K. YESKALIYEVA

JSC «Institute of chemical sciences after A. B. Bekturov», Almaty, the Republic of Kazakhstan

INFLUENCE OF INITIAL STATE OF HYDROGELS
ON SELF-ORGANIZATION OF POLYMER NETWORKS
OF POLYMETHACRYLIC ACID AND POLY-4-VINYLPYRIDINE
AT THEIR REMOTE INTERACTION IN AN AQUEOUS MEDIUM

Abstract. Process of mutual activation of hydrogels of polymethacrylic acid
(PMAA) and poly-4-vinylpyridine (P4VP) in intergel system on their basis is studied.
Effect of dry initial state of hydrogels on their remote interaction, mutual activation and
self-organization is studied by methods of conductometry, pH-metry, gravimetry. It is
found that self-organization of macromolecules provides transfer of hydrogel of PMAA
into highly ionized state in intergel system at gPMAA:gP4VP=1:5 ratio, and hydrogel of
PAVP — at gPMAA:gP4VP=5:1 ratio of polymer hydrogels. Low values of swelling
degree of gP4VP at gPMAA:gP4VP=1:5 ratio are due to formation of intermolecular
cross-links leading to folding of macromolecular globe.

Keywords: intergel system, mutual activation, self-organization, initial state, hydro-
gels, polymethacrylic acid, poly-4-vinyl-pyridine.

In previous studies [1-6] it was found that remote interaction of rare-cross-
linked polymer hydrogels has significant impact on their electrochemical and
volume-gravimetric properties. Overwhelming majority of hydrogels are poly-
electrolytes [7]. Conformational behavior of polyelectrolytes is influenced mainly
by ionization degree of macromolecular globes [8-11]. In intergel systems ioniza-
tion degree and conformational state of each hydrogel is significantly determined
by concentration of another hydrogel. High sorption degree of polymers in
intergel systems is due to absence of counter ions at ionized groups. This is conse-
guence of intergel interactions, result of which is mutual activation of hydrogels
and formation of uncompensated charges along polymer chain. Uncompensated
charge is formed due to cleavage of proton from carboxyl groups during disso-
ciation of acid hydrogel and binding of this ion with heteroatom of polybasis in an
aqueous medium. Wherein charge density of basic hydrogels in limited by
dissociation degree of acid hydrogel. Subsequently both hydrogels are ionized and
do not have counter ions at major part of functional groups. Formation of ionized
groups is caused by conformational changes of internode links of polymer chains
due to what unfolding of macromolecular globe takes place. In this regard, the
goal of the work is to study impact of dry initial state of polymer hydrogels of
PMAA and P4VP on electrochemical and volume-gravimetric properties of
intergel system gPMAA-gP4VP.
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Experimental part

Equipment. For measurement of specific electric conductivity conductometer
MARK 603 (Russia) was used, pH of solutions was measured on pH-meter
Metrohm 827 pH-Lab (Switzerland). Mass of swollen samples of hydrogels for
further calculation of swelling degree (o) was measured by weighing on electronic
analytical scales SHIMADZU AY 220 (Japan).

Materials. Investigations was carried out in distillated water. Hydrogels of
polymethacrylic acid were synthesized in presence of cross-linking agent N,N-
methylene-bis-acrylamide and red-ox system K,S,0g—Na,S,03. Hydrogel of poly-
4-vinylpyridine (hP4VP) (2% of cross-linking agent) was synthesized by «Sigma
Aldrich» company. Synthesized hydrogels in an aqueous medium were put to
create intergel system polymethacrylic acid hydrogel — poly-4-vinylpyridine
hydrogel (h(PMAA-hP4VP). Swelling degrees of hydrogels are: oeman)=20,65
0/9; ampave)=2,65 9/g.

Experiment. Experiments were made at room temperature. Study of the
intergel system was made as follows: calculated amount of each hydrogel in dry
state was put in special glass filters, pores of which permeable for low-molecular
ions and molecules, but non-permeable for hydrogels dispersion. After that,
parameters (electric conductivity, pH and mass of samples) were measured.
Measurement of electric conductivity and pH was made in absence of hydrogels
in an aqueous medium. Swelling degree was calculated by the equation
m; —my

a =
my

where m; — mass of dry hydrogel, g, m, — mass of swollen hydrogel, g.
Results and discussion

In process of hydrogels remote interaction in intergel system hPMAA-
hP4VP there are chages in specific electric conductivity of water solutions.
Dependence of electric conductivity from time is presented on figure 1. As seen
from data, increase of electric conductivity occur at hPMAA:hP4VP=3:3 ratio
during all time of remote interaction. Maximum values of electric conductivity
are observed at 48 hours. Minimum values of conductivity are reached in pre-
sence of only polybasis (ratio hPMAA:hP4VP=0:6), what is due to it’s ionization
in result of proton association, which were formed at water molecules disso-
ciation.

For more clear description of low and high values of electric conductivity, it
is necessary to consider processes of ionization and dissociation of hydrogels. In
process of carboxyl group dissociation there is a formation of proton, further
binding of which is occurred by nitrogen atom of vinylpyridine. This is the main
cause of low values of conductivity. It should be noted, that high values of elec-
tric conductivity (ex. Ratio (PMAA:hP4VP=3:3) point to the fact that in result of
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Figure 1 — Dependence of electric conductivity of aqueous solutions
from time in presence of intergel system hPMAA-hP4VP

self-organization carboxyl groups dissociation process prevails over protons
association by polybasis heteroatom. High conductivity values cannot point to
high degree of mutual activation.

Dependence of hydrogen ions concentration from time is shown on figure 2.
As seen from figure, increase of hydrogen ions concentration occur at ratio
hPMAA:hP4VP=3:3. Comparison of this data with values of electric conductivity
allows to conclude that carboxyl groups dissociation process prevails over protons
association by vinylpyridine at this ratio.

As seen from figure 2, significant decrease of H* ions concentration occurs
at hPMAA:hP4VP=1:5 during 6 hours of hydrogels remote interaction. In case
with specific electric conductivity at this ratio it is seen, that values of electric

Figure 2 — Dependence of pH of aqueous solutions from time
in presence of intergel system hPMAA-hP4VP
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conductivity is not very high. Result of such interactions is formation of similarly
charged groups without counter ions. And as consequence — transfer of acid and
basic hydrogels into high ionized state. Maximum amount of protons is released
in presence of polyacid (ratio hPMAA:hP4VP=6:0), what is directly connected
with COOH-groups dissociation.

Appearance of H" ions excess is due to high swelling rate and COOH-groups
dissociation, and not sufficient swelling rate of basic groups and their low
concentration. Increase of OH™ concentration in an aqueous medium is due to low
swelling rate and low concentration of COOH-groups, and high swelling rate and
interaction of basic functional groups with H* ions.

Dependence of swelling degree of acid hydrogel of polymethacrylic acid in
intergel system hPMAA-hP4VP from time is presented on figure 3. Increase of
polyacid swelling degree occurs gradually with time. Wherein it should be noted
that increase of o occurs with increase of polybasis concentration in solution.
Minimum swelling occurs in presence of only polyacid in solution (ratio
hPMAA:hP4VP=6:0), what is due to absence of phenomenon of mutual activation
of polymer structures. As seen from obtained data, maximum swelling of poly-
methacrylic acid hydrogel occurs at hPMAA:hP4VP=1:5 ratio at 48 hours of
hydrogels remote interaction. Also there is strong increase at hydrogels ratio
equal 2:4. Such swelling increase is due to predominance of proton association
process over carboxyl groups dissociation. Result of this phenomenon is transfer
of acid hydrogel into highly ionized state. Not sufficiently full ionization of the
hydrogels occurs at ratios of hPMAA:hP4VP=5:1, 4:2 and 3:3 what is indicated
by not significant increase of swelling degree values.

Figure 4 shows dependence of swelling degree of basic hydrogel of poly-4-
vinylpyridine in intergel system hPMAA-hP4VP from time. Low values of o are

Figure 3 — Dependence of hPMAA swelling degree from time in presence of hP4VP
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Figure 4 — Dependence of hP4VP swelling degree from time in presence of hPMAA

observed at (PMAA:hP4VP=0:6 ratio (individual hP4VP), what is caused by not
very high ionization rate of individual basic hydrogel.

It should be noted that low swelling of polybasis occurs at (PMAA:hP4VP=1:5
ratio. This is due to formation of >N...H" ...N= intermolecular cross-links, result
of what is folding of polymer globe and swelling decrease. With increase of
polyacid share swelling degree of polybasis increases in result of high ionization
rate at mutual activation of both macromolecules. Area of maximum swelling
is hPMAA:hP4VP=5:1 ratio, wherein maximum values of o are observed at
48 hours.

As seen from obtained data, self-organization of polymer networks of PMAA
and P4VP mainly depends from ionization degree of macromolecules.

Conclusion.

1. Obtained experimental data on specific electric conductivity and pH of
solutions and swelling degree of PMAA and P4VP hydrogels allow to conclude
that mutual activation of polymer structures of acid and basic nature has
significant influence on their electrochemical and conformational properties.

2. Significant increase of values of specific electric conductivity, concen-
tration of hydrogen ions and swelling degree is directly connected with self-
organization of polymer hydrogels of acid and basic nature at their mutual
activation in intergel pairs.

3. Obtained results on specific electric conductivity, pH and swelling
degree point to the fact, that high ionized state of hPMAA is observed at
hPMAA:hP4VP=1:5 ratio, and hP4VP — at hAPMAA:hP4VP=5:1 ratio.
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CIIOPTTBIH CAKTAHBIPY IITAPY AIIBUIBIFBIHIA KOJIJAHBIJIATBIH
TMMOJIMMETAKIJIMKAJIBIK JKOHE I10JIN-4-BUHWJI ITMPUIVHI [TOJIUMEP
JKEJIICIHIH ©31-YUBIMJIACTBIPYFA APHAJIFAH I'MJIPOT'EJIB/IIH,
HETT3TT MEMJIEKETTUII'TH KATBICYBI

IMonumerakpun Kekeuisl (rIIMAK) sxone mosm-4-sunnnmmpuans (rI14BIT) rugpo-
TeNAepiHiH HHTEpTreNl XKyieaeri e3apa akTUBTeHy mporieci 3epTrenai. KonmykromeTpus,
pH-MeTpus xoHEe TpaBHUMETpPHS SICTEpiMEH THAPOTENAEPAiH OacTamKbl KYpFaK KYHiHIH
OJIap/bIH KAIIBIKTaH 63apa dpeKeTTecyiHe, 63apa akTUBTEHYIHE HKOHE Cy OPTAChIH/IA ©3iH-
031 yHBIMIACTBIpYbIHA ocepi 3epTrenii. MakpoMoseKynanapablH ©3iH-631 YHbIMIACTbI-
pybiHa OaitmameicTel mHTeprenmi xyheae [IMAK rtuaporemi IIMAKr: I14BIIr=1:5
KatbiHackinAa, an [14BI1 runporeni monumepitik ruxporenaepaiy 5:1 KaTbIHaChIHA KOFa-
pBl MOHHM3AIMSIAHFAH KYWI'e OTETiHI aHBIKTaaabl. MaKpOMOJEKYISpIbl LIyMaKTap/bIH
JKUHATYBIHA OKEJIETIH MOJISKYJAIIUTIK Tiriay esrepicine Oaitmansictel [IMAKr: T14BIIr=1:5
kateiHackiHAa [14BI1 runporeniHiz iciHy AopeKeci TOMEH O00JIaThIHBI OSNTLIl OJIIBL.

Tyiiin ce3mep: mHTEeprenai xyie, e3apa aKTHBTEHY, ©31H-031 YHBIMIACTHIPY, Oac-
TaKbl KYH, THAPOTEIAED, MOINMETAKPHII KBIIIKBUIBL, TOJIH-4-BUHWIHPUANH.
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BJIMSTHUE HAYAJILHOI'O COCTOSIHUS TH/POT EJIEN
HA CAMOOPI AHU3ALIMIO TTOJIMMEPHBIX CETEN
TTOJIUMETAKPWIOBLIX KUCJIOT U TIOJIU-4-BUHWIITUPUIHA
TTPY X TUCTAHIIMOHHOM B3AVUMOJIEMCTBUN B BOJHOI CPE/IE

HccnenoBan mporecc B3aMMHOW aKTHBAIMU THUAPOTENEH MOJMMETaKpHIOBOW KHC-
notel (rIIMAK) u nosnu-4-sunmnnupuanna (rl14BII) B uHTepreneBoil cucTteMe Ha HX
ocHOBe. MeTonaMu KOHAYKTOMETpuH, pH-MeTpnu, rpaBUMETpUH MCCIIETOBAHO BIIMSHUC
CYXOro HCXOJHOTO COCTOSIHHSI THIpOTeNed Ha WX IUCTAaHIMOHHOE B3aWMOAEHCTBHE,
B3aMMHYIO aKTHBAIMIO, CAMOOPTAaHHU3ALMIO B BOZHOW cpene. Y CTaHOBIEHO, YTO THIPO-
reqb [IMAK nepexoIuT B BBICOKOMOHM30BAaHHOE COCTOSIHUE B MHTEPIENIEBOM cUCTEME
npu cootHomeHun TIIMAK:TTI4BI1=1:5, a ruaporens [14BII — mpu cOOTHOLIEHUH TIOJTH-
MEpHBIX Tuaporenel, paBHoM 5:1, BeaencTeue camMoopraHu3alyuu Makpomonekyi. Huskue
3Ha4yeHus creneHn HaOyxauus r114BII npu cootnomennu rIIMAK:TII4BII=1:5 cBs3anbt
¢ 00pa3oBaHMEM BHYTPUMOJIEKYJISIPHBIX CIIMBOK, MPUBOJSIIUX K CBOPAUYMBAHUIO MaKpo-
MOJIEKYJISIPHOTO KiTyOKa.

KaioueBble ciioBa: HUHTEprejieBas CUCTEMaA, B3aWMHas aKTUBaLWdg, CaMOOpraHu-
3aIusl, UCXOJHOE COCTOSIHHE, THAPOTEIH, MOJIMMETAKpPHIOBas KHCIOTA, MONU-4-BHHUII-
TTUPUINH.
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