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SELECTIVITY OF INTERGEL SYSTEM BASED
ON HYDROGELS OF POLYMETHACRYLIC ACID
AND POLY-4-VINYLPYRIDINE
TO LANTHANUM AND CERIUM IONS

Abstract. Process of lanthanum and cerium ions sorption by intergel system hyd-
rogel of polymethacrylic acid (hPMAA) — hydrogel of poly-4-vinylpyridine (hP4VP) is
studied. Found that intergel system hPMAA-hP4VP has selectivity to lanthanum and
cerium ions. PMAA hydrogel doesn’t have high values of extraction degree in relation to
lanthanum and cerium ions (66.28% and 60.33% respectively). P4VP hydrogel also has
low values of La® and Ce®* ions sorption degree (66.05% and 56.67% respectively). In
intergel system hPMAA-hP4VP selectivity can be controlled by changing hydrogels ratio.
Maximum extraction degree of lanthanum ions is observed at 17%hPMAA:83%hP4VP
ratio, sorption degree is 90.34%. Maximum sorption degree of cerium ions is observed at
50%hPMAA:50%hP4VP ratio, extraction degree is 89.33%. Individual PMAA and P4VP
hydrogels also do not have high polymer chain binding degree. Polymer chain binding
degree (in relation to lanthanum ions) of hPMAA and hP4VP is 55.17% and 55.00%
respectively. Binding degree (in relation to cerium ions) of hPMAA and hP4VP is 50.05%
and 47.00%. Maximum values of polymer chain binding degree (in relation to lanthanum
ions) in intergel system hPMAA-hP4VP are observed at 17%hPMAA:83%hP4VP ratio,
binding degree is 75.33%. Maximum values of binding degree (in relation to cerium ions)
are observed at 50%hPMAA:50hP4VP ratio, binding degree is 74.10%. At
17%hPMAA:83%hP4VP and 50%hPMAA:50hP4VP ratios effective dynamic exchange
capacity (in relation to lanthanum and cerium ions) is higher almost on 30% compara-
tively with individual PMAA and P4VP hydrogels. Mutual activation of PMAA and
P4VP hydrogels provides transition into highly ionized state and, as a result, significant
increase of sorption properties in intergel pairs.

Keywords: intergel system, sorption, selectivity, La** ions, Ce** ions, polymethacry-
lic acid, poly-4-vinylpyridine.

Effect of mutual activation of polymer structures of different nature on
electrochemical and volume-gravimetric properties is described in previous works
[1-6]. It is found that remote interaction of hydrogels provides transition of initial
polymers into highly ionized state and, as a result, significant changes in elec-
trochemical and conformational properties. After that, it was found that mutual
activation provides significant increase of sorption properties of initial hydrogels
[7-11]. Levels of ionization in intergel systems are in dependence from hydrogels
ratios. Consequently, changing hydrogels ratio in certain intergel system will
provide opportunity to re-orientate intergel system to maximum sorption of
another ion. In this regard, goal of this work is to study impact of hydrogels ratio
on selectivity of intergel system hPMAA-hP4VP.
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Experiment

Equipment. For measurement of optical density of solutions for further
calculation of La*" and Ce®* ions concentration spectrophotometer Jenway-6305
was used.

Materials. Investigations was carried out in solutions of lanthanum and
cerium nitrate solutions. Hydrogels of polymethacrylic acid were synthesized in
presence of cross-linking agent N,N-methylene-bis-acrylamide and red-ox system
KS;05—-Na,S;03. Hydrogel of poly-4-vinylpyridine (hP4VP) (2% of cross-
linking agent) was synthesized by «Sigma Aldrich» company. Synthesized hyd-
rogels in an aqueous medium were put to create intergel system polymethacrylic
acid hydrogel — poly-4-vinylpyridine hydrogel (hPMAA-hP4VP). Swelling de-
grees of hydrogels are: anpmaay=20.65 9/9; anpave)=2.65 9/Q.

Experiment. Experiments were carried out 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. Then the filters
were put in glass in which salt solution presents. After that, aliquots were
taken.

Methodology of lanthanum ions determination in solution is based on
formation of colored complex compound of organic analytic reagent arsenazo 11
with La* ions [12].

Extraction (sorption) degree was calculated by equation:

_ Cinitial — Cresidual

* 100%
Cinitial
where Ciniia — initial concentration of lanthanum in solution, g/L; Cresique —
residual concentration of lanthanum in solution, g/L.
Polymer chain binding degree was determined by calculations in accordance
with equation:

e=v5°r%*100%

where veomeg — quantity of polymer links with sorbed lanthanum, mol; v — total
quantity of polymer links (if there are 2 hydrogels in solution, it is calculated as
sum of each polymer hydrogel links), mol.
Effective dynamic exchange capacity was calculated by formula:
— Vsorbed

Mgorbent

where vsormes — amount of sorbed metal, mol; Mgoment — SOrbent mass (if there are
2 hydrogels in solution, it is calculated as sum of their masses), g.
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Results and discussion

Lanthanum ions sorption. Dependence of lanthanum ions extraction degree
of the intergel system hPMAA-hP4VP from hydrogels ratios is shown on figure 1.
Obtained results point to the fact that mutual activation provides significant
increase of sorption properties of the polymer hydrogels in the intergel system.
Initial hydrogels of polymethacrylic acid and poly-4-vinylpyridine do not have
high extraction degree of lanthanum ions. Extraction degree is 66.28% for
polymethacrylic acid hydrogel and 66.05% for poly-4-vinylpyridine hydrogel.
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Figure 1 — Dependence of lanthanum ions extraction degree
of intergel system hPMAA-hP4VP from hydrogels ratios

As seen from figure 1, maximum sorption of lanthanum ions occurs at
17%hPMAA:83%hP4VP ratio. Extraction degree of lanthanum ions at this ratio
in the intergel system hPMAA-hP4VP is 90.34%. Main reason of such high
sorption degree is high ionization of polymer structures due to their mutual
activation.

Figure 2 shows dependence of polymer chain binding degree from time.
Intergel pairs have higher values of binding degree comparatively with individual
hydrogels. Polymer chain binding degree of individual hydrogels of polymetha-
crylic acid and poly-4-vinylpyridine is 55.17% and 55.00% respectively. Not very
intensive sorption occurs at 83%hPMAA:17%hP4VP and 67%hPMAA:33%hP4VP
ratios. Such binding degree indicates to not sufficient ionization degree of poly-
mer structures at remote interaction in mentioned above intergel pairs. Maximum
values of binding degree are observed at 17%hPMAA:83%hP4VP. As seen from
the figure, at this ratio binding of lanthanum by the polymers is significantly
higher, polymer chain binding degree is 75.33%.
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Figure 2 — Dependence of polymer chain binding degree
of intergel system hPMAA-hP4VP from hydrogels ratios

Dependence of effective dynamic exchange capacity of the intergel system
based on hydrogels of PMAA and P4VP from hydrogels molar ratios is shown on
figure 3. Remote interaction of hPMAA and hP4VP provides significant increase
of exchange capacity of polymer structures. The highest values of exchange
capacity are observed at 33%hPMAA:67%hP4VP and 17%hPMAA:83hP4VP
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Figure 3 — Dependence of effective dynamic exchange capacity
of intergel system hPMAA-hP4VP from hydrogels ratios
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ratios. Maximum values of exchange capacity is reached at 48 hours at
17%hPMAA:83hP4VP ratio, at this ratio exchange capacity is on 30% higher in
comparison with individual hydrogels. Minimum values of capacity are seen in
presence of polyacid or polybasis, wherein values of exchange capacity are
almost the same.

Cerium ions sorption. As seen from figure 4, extraction degree of cerium
ions of the intergel system hydrogel of polymethacrylic acid — hydrogel of poly-4-
vinylpyridine increases with time. Values of sorption degree are higher in intergel
pairs than in case with individual hydrogels. Cerium ions extraction degree
reaches maximum values at 48 hours of remote interaction of hydrogels at
50%hPMAA:50%hP4VP ratio. Maximum values point to high ionization degree
of polymer structures at their mutual activation. Extraction degree of cerium ions
at this ratio is 89.33%. Individual hydrogels of polymethacrylic acid and poly-4-
vinylpyridine have low values of extraction degree of cerium ions. Extraction
degree of cerium ions by PMAA hydrogel is 60.33%, by P4VP hydrogel —
56.67%.
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Figure 4 — Dependence of cerium ions extraction degree
of intergel system hPMAA-hP4VP from hydrogels ratios

Figure 5 represents dependencies of polymer chain binding degree (in rela-
tion to cerium ions) of the intergel system hPMAA-hP4VP from time. The highest
values of binding degree are observed at 50%hPMAA:50%hP4VP ratio, binding
degree is 74.10%. Other intergel pairs also have high polymer chain binding
degree values comparatively with individual hydrogels of polymethacrylic acid
and poly-4-vinylpyridine. Initial hydrogels of PMAA and P4VP have the fol-
lowing values of polymer chain binding degree: 50.05% for hPMAA and 47.00%
for hP4VP. Such significant difference of polymer chain binding degree values of

209



XUMWYECKHH )KYPHAJI KA3AXCTAHA

0 (Ce™), %
100 5

90+

80

70
60 —

50

0 —&— 100%hPMAA

—&— 83%hPMAA-17%hP4VP
—A— 67%hPMAA-33%hP4VP
—w¥— 50%hPMAA-50%hP4VP
—&— 33%hPMAA-67%hP4VP
—<4— 17%hPMAA-83%hP4VP

—»— 100%hP4VP

LSRR RS B L AL S S L L
0 4 8 12 16 20 24 28 32 36 40 44 48

30

20

10

Figure 5 — Dependence of polymer chain binding degree of intergel system hPMAA-hP4VP from
hydrogels ratios

intergel pairs and individual hydrogels is due to highly ionized state of hydrogels
in intergel pairs due to their mutual activation at remote interaction in intergel
system.

Figure 6 shows dependence of effective dynamic exchange capacity of the
intergel system hPMAA-hP4VP from hydrogel ratios in time. Increase of ex-
change capacity occurs with time.
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Figure 6 — Dependence of effective dynamic exchange capacity
of intergel system hPMAA-hP4VP from hydrogels ratios
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As seen from the figure, result of remote interaction of polymethacrylic acid
and poly-4-vinylpyridine hydrogels is significant increase of effective dynamic
exchange capacity of polymer hydrogels of PMAA and P4VP. Area of maximum
values of effective dynamic exchange capacity is 50%hPMAA:50hP4VP ratio. At
this ratio exchange capacity is over on 30% higher comparatively with individual
PMAA and P4VP hydrogels.

Conclusion.

1. Intergel system based on rare-crosslinked polymer hydrogels of polyme-
thacrylic acid and poly-4-vinylpyridine has selectivity to lanthanum and cerium
ions.

2. Mutual activation of PMAA and P4VP hydrogels provides transition into
highly ionized state and, as a result, significant increase of sorption properties in
intergel pairs.

3. Polymethacrylic acid hydrogel doesn’t have high values of extraction
degree in relation to lanthanum and cerium ions (66.28% and 60.33% respec-
tively). Poly-4-vinylpyridine hydrogel also has low values of sorption degree
(66.05% and 56.67% respectively).

4. In intergel system hPMAA-hP4VP selectivity can be controlled by chan-
ging hydrogels ratio. Maximum extraction degree of lanthanum ions is observed
at 17%hPMAA:83%hP4V/P ratio, sorption degree is 90.34%. Maximum sorption
degree of cerium ions is observed at 50%hPMAA:50%hP4VP ratio, extraction
degree is 89.33%.

5. Individual PMAA and P4VP hydrogels also do not have high polymer
chain binding degree. Polymer chain binding degree (in relation to lanthanum
ions) of hPMAA and hP4VP is 55.17% and 55.00% respectively. Binding degree
(in relation to cerium ions) of hAPMAA and hP4VP is 50.05% and 47.00%.

6. Maximum values of polymer chain binding degree (in relation to
lanthanum ions) in intergel system hPMAA-hP4VP are observed at
17%hPMAA:83%hP4VP ratio, binding degree is 75.33%. Maximum values of
binding degree (in relation to cerium ions) are observed at 50%hPMAA:50hP4VP
ratio, binding degree is 74.10%.

7. Transition into highly ionized state of PMAA and P4VP hydrogels due to
mutual activation also provides significant increase of effective dynamic ex-
change capacity. At 17%hPMAA:83%hP4VP and 50%hPMAA:50hP4VP ratios
exchange capacity (in relation to lanthanum and cerium ions) is higher almost on
30% comparatively with individual PMAA and P4VP hydrogels.
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Pesome
T. K. ’Kymaoinos, P. I'. Konoaypog

HOJMMETAKPWJI KbIIIKbUIbI 2)KOHE [TOJIA-4-BUHUJITUPUINH
I'MAPOI'EJIAEPT HETT3IHAEI'T UHTEPTEJIAL XKYUEJIEPZITH JIAHTAH
KOHE HEPMU NOHJAPBIHA C¥PBIITBIIBIFBI

IMomumerakpun  Keimkbutsl — ruaporenived  ([IMAKr) — monu-4-BHHIIAPUIHH
(TT4BIIr) rumporeri Heri3iHIe anbIHFaH HHTEPTEI )KYHEMEH JIAHTaH JKOHE IIepHii HOHIa-
pbIH ciHipy npoueci 3eprrenai. [IMAKr-T114BI1 unteprenmi sxylieciniH JJaHTaH MEH LepUi
WOHAApbIHA CYPBINTHUIBIK KacueT kepcereTiHi anbikTanapl. [IMAK runporeniniH jaHTaH
JKOHE LEPUIl MOHIAPBIH IIBIFAPY Jopeskeci aca xorapbl eMec (coiikecinme 66,28% sxome
60,33%). T14BII ruaporemnininme La®* xome Ce** HWOHJIAPHIH IIBIFAPY JOPEKECi TOMEH.
(cotikecinme 66,05% sxone 56,67%). Murtepreni xyiene ruaporeniep/iH KaTbIHACTA-
PBIH ©3TepTy apKBUIBI CYPHINTBUIBIKTEI OackapyFa Oomansl. 17%IIMAKr:83%I14BIIr
KaThIHACBIHIA JIAHTaH WMOHIAPBIH IIBIFApy IOpEeKeci KOFaphl eKeHi OalKamambl, CiHipY
mopexxeci 90,34%-ke Ten. S0%IIMAKr:50%I14BIIr katbiHAackIHIa LepUil HMOHAAPHIH
LIBIFApy JOpEexeci )KOoFapbl ekeHi Oaiikanansl, CiHipy nopexeci 89,33%-ke TeH. CoHbIMEH
karap [IMAK sxone [14BII xekeneren ruporenepinae NoJIuMepilik Ti30eKTepiHiy Oaii-
JIaHBICY Aapeskeci Tomen O0ounbin keaeni. [IMAKT sxone I[14BIIr monumepitik Ti30EKTEpiHiH
OaiiaHpICy Jopeskeci (JJaHTaH MOHIAphIHA KATHICTHI) coiikecinme 55,17% skone 55,00%-
Ti, an (uepuit MoHmapbiHa KaThicThl) coiikecinme 50,05% sxone 47,00%-1i Kypaiigbl.
[IMAKTr-T14BI1 unteprenai xyitecinin 17%IIMAKr:83%I14BIIr kaTbiHachiHAa MOJH-
MepJtiK Ti30eKTepiHiH OailnaHpiCy Aopexeci (JIaHTAH MOHIAPBIHA KATHICTBI) XKOFaphl, Oaii-
naneicy gopexeci 75,33%-ke teH. An 50%IIMAKr:50%I14BIIr kateiHachiHga (uepuit
HOHJIApbIHA KaTBICTHI) GainaHbicy Aapeskeci xorapbl, srHu 74,10%-ke TeH. [IMAK MeH
[I4BI1 xekeneren runmporenaepimer camsicteipragna 17%IIMAKr:83%II4BIIr sxone
50%ITMAKTr:50%I14BIIr kaTeiHacTapbiHaa (JIaHTaH oHE MEpHi HOHIApPBIHA KATHICTHI)
TUIMAI JAHAMHUKAIBIK aTMacy ChHIMBIMABLTBIFE mamMameH 30%-ra sxorapel. [IMAK men
[14BII ruaporeniepiHiH e3apa aKTUBTUIITT OJap.IblH JKOFaphl HOHIAJFAH KYWre KellyiHe
QIBIN KeJIedl, HOTHKECIHAC MHTEPrelIl JKyITapaa CiHipy KaCHEeTTePIiHiH aHaFypJIbIM ecyi-
HE ocep eTei.

Tyiiin ce3mep: muTepreni xyiie, cinipy, cypemteuisik, La®* monmapsr, Ce* mon-
JIaphbl, MOJTMMETAKPHI KBIIIKBUIBI, TIOJIN-4-BUHUIITAPUINH.

Pe3iome

T. K. I[cymaounos, P. I'. Konoaypos

CEJIEKTUBHOCTbD UHTEPT'EJIEBOI CUCTEMBI HA OCHOBE
I'MAPOI'EJIEU ITOJIMMETAKPWIJIOBOM KUCJIOTBI 1
[MOJIN-4-BUHWJITINPUINHA K NOHAM JIAHTAHA 1 LIEPU S

HccnenoBan mpomecc copOIuM MOHOB JIAHTAHA M LEPUSl MHTEPresICBOM CHUCTEMOM
THAPOTEIh MoJIuMeTakpuiIoBoi kucaoTsl (IIMAK) — ruaporens noiau-4-BUHUINHPUANHA
(rI14BII). YcranosieHo, uro uaTeprenesas cucrema rIIMAK-rIT4BII mposiBisieT cerek-
THBHOCTH K HOHAM JaHTaHa U uepws. [ maporens [IMAK He o0agaeT BEICOKOH CTETIEHBIO
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U3BJICYEHMsT HWOHOB JlaHTaHa u uepus (66,28 m 60,33% coorBercTBeHHO). I'maporens
T14BII Taxxe UMeeT HEBBHICOKHE 3HAUCHHMS CTEIICHY M3BJIcueHus nonos La®* u Ce* (66,05
u 56,67% cooTBETCTBEHHO). B MHTEpreeBoil cucTeMe BO3MOKHO YIIPABIIATH CEIEKTHB-
HOCTBIO ITyTE€M HM3MEHEHHsS COOTHONICHWH rujaporencii. MakcuMaibHas CTEIICHb H3BIIC-
YCHHs MOHOB JIaHTaHa HaOmomaercs mpu cootHomeHnn 17%rIIMAK:83%rII4BII, cre-
neHb copouun paBHa 90,34%. MakcumaibHasi CTENeHb COpOLIMM MOHOB LiepHsi HaOJIro-
naercs pu cootHomennn S0%rIIMAK:50%rI14BII, crenens u3snevenus pasHa 89,33%.
Tarxke uanusuayansable ruaporenu [IMAK u T14BI1 He 00namaroT BRICOKMMHU 3Haue-
HUSIMU CTEIICHU CBSI3BIBAHUS MOJUMEPHOU 1ieri. CTerneHb CBA3bIBAHUS MOJIMMEPHOH IIEIH
(o oTHOMIEHUIO K MoHaM jJanTaHa) rIIMAK wu rII4BII cocrasmser 55,17 u 55,00% coot-
BeTcTBeHHO. CTereHb CBs3bIBanus (M0 OTHOMIEHHIO K HoHaM tepusi) TIIMAK u rT14BII
paBHa 50,05 u 47,00%. MakcumanbHBIC 3HAYCHHS CTEICHH CBS3BIBAHUS IMOIUMEPHON
nenu (10 OTHOIIEHHIO K MOHAM JiaHTaHa) B uHTepreneBoil cucreme TIIMAK-rIT14BII Ha-
omonarorcss npu cootHomeHnn 17%rIIMAK:83%rII4BII, creneHb CBA3bIBAHUS paBHA
75,33%. HauGonblime 3HaYeHUs CTENEHN CBA3bIBaHUS (II0 OTHOLIEHUIO K HOHAM LIEPHS)
HaOmonarorcst mpu cootHomenun S0%rIIMAK:50%rI14BII, creneHs cBsA3bIBaHUS paBHA
74,10%. TIpu cootnomenusx 17%rIIMAK:83%rII4BIT u 50%rIIMAK:50%rI14BII 3¢-
(ekTHBHAs TUHAMHYECKash OOMeHHas eMKOCTh (10 OTHONICHWIO K HOHAM JIaHTaHa U
uepusi) npaktuuecku Ha 30% BbIlE 0 CPABHEHHIO ¢ WHAMBUIYATbHBIMH THIPOTEIISIMU
IIMAK wu [14BI1. B3aumuas axtuBarus rugporeneid [IMAK u IT14BI1 npuBogut k mepe-
XO/1y B BBICOKOMOHHU30BAHHOE COCTOSIHUE M, KaK pe3y/bTaT, K 3HAYUTEIBHOMY POCTY
COpOIMOHHBIX CBOUCTB B MHTEPIEJIEBBIX Mapax.

KaioueBble ciioBa: MHTEpresneBas CHCTEMa, COpOLHs, CEICKTUBHOCTh, HOHBI La*,
HOHBI Ce3+, MOJIMMETAKPHUIIOBAs KUCIIOTA, TOTH-4-BUHWITAPHUINH.
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