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Study of acid properties of new polymeric complexes of maleic
acid polymethylvinyl ether cross-linked by polypropylene glycol

Dissociation course of polymethylvinyl ether of maleic acid cross-linked by polypropylene glycol (PMVE-MA
with PPG) was investigated using classical potentiometric titration and colloid titration. It is assumed, that in
the course of colloid titration monovalent counter-ions are replaced by the oppositely charged polycation, there-
fore it was determined the general concentration of anionic groups of hydrogel of polymethylvinyl ether of
maleic acid cross-linked by polypropylene glycol. The apparent constant of dissociation (pseudo constant of
dissociation) depends on the forming of the polyelectric complex but does not depend on the degree of disso-
ciation. While it is known that potentiometric titration are determined by the apparent constant of dissociation
that decreased simultaneously with the increase of the dissociation degree. Protons releasing from acid groups
of hydrogel of polymethylvinyl ether of maleic acid cross-linked by polypropylene glycol leads to the formation
of the complex with stronger cationic polyelectrolyte. Therefore, comparison of the results of potentiometric
and colloid titration makes it possible to take in the information about the interrelation of acid characteristics
of the surface of PMVE-MA with PPG and its functional properties. As a result we can define its application
area for creation of new high-efficient composite material.
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Introduction

In recent decades hydrogels are widely used for producing the composite materials, filtering elements for
liquid and gaseous mediums, adsorbents used for cleaning the water from heavy and toxic metals and gathering
the oil and oil-product, carriers of nanoparticles of different nature [1]. Their application area depends on
physical and chemical compositions of polymers, and structural and acid-base surface characteristics of poly-
mers [2]. It is necessary know the protolytic properties of polymer surfaces, the origin and the number of active
cites for the determination the degree of adsorption activity and selectiveness of polymer materials. Inhomoge-
nuity and high degree of dispersion of these materials make it more difficult to control the surface adsorptive
and acid-base properties of polymer with the use of the method of surface analysis (the study of moistening
(wetting) phenomenon by the use of test liquids).

At the present day adsorptive-chemical method mainly used for the defining surface acidity of finely dis-
persed materials [3]. This method is practically not used for the study of polymer materials surface. Considering
that active sites of hydrogel surfaces are characterized with weak protolytic properties, it will be reasonable to
use methods of potentiometric and colloid titration in non-aqueous or mixed solvents in order to estimate their
guantity and values of pK (these methods are capable to strengthen donor-acceptor properties).

The article is devoted to the experimental evaluation of apparent constant of dissociation (pseudo constant
of dissociation) (pK) of hydrogel of PMVE-MA with PPG in water and aqueous organic media by the use of
potentiometric and colloid titration.

Experimental

Hydrogel of polymethylvinyl ether of maleic acid, cross-linked by polypropylene glycol (PMVE-MA
with PPG) was used as the object of the research:
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Poly(methyl-vinyl-co-maleic acid) or polymethylvinyl ether of maleic acid (PMVE-MA) were obtained
by the hydrolysis of polymethylvinyl ether of maleic anhydride (PMVE-MAH). Process was performed on the
unit composed of round-bottomed flask (volume 100 ml) and backflow condenser. Initial mixture was prepared
from 0.65 g PMVE-MAH and 20 ml distilled water. Hydrolysis was carried out during 2 hours at 90 °C.
Aqgueuos solution of polypropylene glycol (PPG) was gradually added into obtained solution of polymethyl-
vinyl ether of maleic acid (PMVE-MA) up to obtaining the homogeneous mixture. Excess water was removed
by the use of rotary evaporator. Reaction mixture was solidified 24 hours at 80 °C. The gel of PMVE-MA with
PPG [4] was obtained as a result of the esterification reaction among polymethylvinyl ether of maleic acid and

polypropylene glycol:
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Potentiometric titration of hydrogel of PMVE-MA with PPG was performed in water and agueous organic
media 0.05 M using the NaOH solution in the presence of 0.1 M NaCl accurate within 0.001 units of pH. The
titration was carried out using «I-160MI» ionomer with the function of push-button controlled mixing. The
temperature was kept constant at 22 °C. Ethyl alcohol and acetone were chosen as organic solvents for the
purpose of intensification of acidic sites. These solvents are characterized by the more distinctive basic prop-
erties than water and their acidity scale span is longer (ethanol 19.5; acetone 32.5) and consequently the dis-
criminating fineness (differentiating ability) is greater. Mixed solvent «water — ethyl alcohol» (70 % by ethanol
weight), «water — acetone» (70 % by acetone weight) is the most perspective solvent for the study the slightly
acidic properties of carbonaceous resin (carboxylic cation exchange resin).
Colloid titration of hydrogel of PMVE-MA with PPG 0.05 M was performed by the use of NaOH solution
in the 0.1 M NacCl presence.

The curves of potentiometric and colloid titration and the dependency of pKa on the degree of dissociation
a, for hydrogel of PMVE-MA with PPG were obtained.

(o] On

Results and Discussion
With the aim to study the process of dissociation of polymethylvinyl ester of maleic acid, linked with

polypropyleneglycole, we obtained the curves of potentiometric and colloid titration and dependence of pKa
on the degree of dissociation a, for hydrogel.

The dependency of the dissociation degree o, of hydrogel of PMVE-MA with PPG in neutral medium
(ay =0.96) on the polymer concentration c , are presented in Figure 1. The degree of weak acid dissociation

a, was defined according to the equation 1:

c,
0p = —"— 1)
C, +Chs
As can be seen in Figure 1, the dissociation level of the acid is decreased in presence of organic solvents,
which is confirmed with constant values of autoprotolysis of these solvents (ethanol, aceton), as well as with
values of dipole moment and dielectric capacity.
Dissociation of hydrogel of polymethylvinyl ester of maleic acid, linked with polypropyleneglycole, was
studied by method of potentiometric titration as well (Fig. 2, a, b and c).
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Figure 1. Dependence of dissociation level ap on polymer concentration c;
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Figure 2. Integral and differential curves of titration of hydrogel of PMVE-MA with PPG
in the presence of NaCl electrolyte, across different environments

According to the literature data water, acetone and ethanol have the following values of dipole moment
(1, D) and dielectric permeability (€) [5] (at 20 °C) (Table 1):

Table 1
Dipole moment and dielectric permeability
Solvent u, D €
Water 1.8 78.5
Ethanol 1.7 24.3
Acetone 2.7 20.7
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Figure 2a presents the titration curve of hydrogel of PMVE-MA with PPG, which functional groups are
entirely protonated by the solvent of sodium hydroxide in agueous media. As can be seen in Figure 2a, the
differential curve has poorly resolved jumps of titration. The same dependency was obtained for the titration
curves of hydrogel in water-ethanol mixtures (Fig. 2b). Replacing ethanol in the water-organic mixture to
acetone being the less polar solvent we obtain the titration curves (Fig. 2¢) that significantly differ, in the case
of using the most polar solvent jump of titration will be sharper.

Addition of organic solvents decreases the level of dissociation, and thus charge quantity of macromole-
cule is decreased as well, and its shape is changed to nodular one. Here is cumulative effect in increase of
availability of ionogenic groups and decrease of steric factor.

Observed indexes pH are graphically determined depending on neutralization degree ., , which has been

calculated according to the equation 2:

C al
aNZM, (2)

Cp

where ¢ is the concentration of added titrating solution, and €, is the concentration of polymer in func-

NaOH
tional groups equivalent.

Both types of concentration are adjusted taking into dilution procedure. Taking into the consideration the
simultaneous change of the titration curves and the decrease of ionic strength, it was assumed that there is the
influence of electrostatic interaction (Coulomb interaction) as it was noted by authors of the work [6].

The degree of dissociation o, was estimated according to the equation 3:

CH3O+_COH’

Cp

where o is the neutralization degree and C  is the total concentration of hydrogel of PMVE-MA with PPG

o =0yt

: 3)

in functional groups equivalent.
Concentration of hydroxonium ¢, . was obtained from measured pH. Concentration of hydroxide ¢ -
was estimated using this value from ionic product of water K, (K, =1.01x107** mol?/L? at 22 °C).

On the titration curves (Fig. 3) we can see the jumps corresponding to double-stage dissociation of hy-
drogel of PMVE-MA with PPG. The degree of dissociation a, increases along with growth of pH.
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Figure 3. Dependence pH on the neutralization degree an of hydrogel of PMVE-MA
with PPG in the presence of 0.1 M NaCl determined by the potentiometric titration

In Figures 4 and 5 experimental data of potentiometric titration of hydrogel of PMVE-MA with PPG were
presented as the functions of apparent constant of dissociation (pseudo constant of dissociation) pK on the degree
of dissociation a ;. They were calculated according to Henderson-Hasselbach equation (equation 4) at the values

of dissociation degree o, (0<a,<1) and according to Lifson-Katchalsky theory (equation 5).

pK = pH —log—20; 4)
l1-a,
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pK = pK+ApK(ap) , (5)

where K, — ionization constant of functional groups of the polymer, and ApK(a ) represents the contribu-
tion of electrostatic interaction (Coulomb interaction) of functional groups. It can be determined using the
integration of the area under the curve pK -f (o).

Figure 4. Curves of Henderson-Hasselbach for potentiometric titration of hydrogel PMVE-MA with PPG
in presence of electrolyte NaCl, in different media: a) water; b) water-ethyl alcohol; ¢) water-acetone

The apparent constant of dissociation (pseudo constant of dissociation) pK for hydrogel of PMVE-MA
with PPG depends on the degree of dissociation o, evaluated according to the data of potentiometric and
colloid titration (Fig. 5).
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Figure 5. Dependency pK on the degree of dissociation ap for hydrogel of PMVE-MA with
PPG in the presence of NaCl obtained by the potentiometric and colloid titration

Consequently, surface acid sites of hydrogel of PMVE-MA with PPG can identified as carboxylic groups.
This is confirmed by the results of IR-spectroscopy of hydrogel of PMVE-MA with PPG. In infra-red spectrum
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absorption bands have been found in the areas of 1712 cm™ and 1640 cm™. They are corresponding to valent
asymmetrical and symmetrical oscillations (vibrations) of carboxylic group C=0 [7].

The aim of the research was the definition of apparent constant of dissociation (pseudo constant of dis-
sociation) K* of hydrogel of PMVE-MA with PPG according to the experimental data of colloid titration. For
this purpose it was performed the computation according to equation system used for mathematical processing
of the titration curves of the monobasic weak acid (HA) by (NaOH) strong base. Using these equations we
determined the dissociation constant of weak acid according to mass action law (Guldberg and Waage’s Law
of Mass Action) (equation 6), ionic product of water (equation 7), condition of electrical neutrality (equation
8) and the expression for the mass balance (equation 9) [8, 9].

CyoC,.
K,= LT I S (6)
CHA
K,=C, o Cop ()
CH30*+CNa* :COH’ +CA’ ; (8)
C, +Cia =C,. 9)
After the transformation we obtain the cubic equation:
3 2
Cho TCho (C K+, (K, —¢ K, -K,)-KK, =0. (10)

As c_ . *>>K_ K, then the equation takes the following form:

HZ0
C o TK, € TK, ?
G =~ - —K, (. tC, )+ K, . (11)
Replacing ¢ | .=a-c, we obtain the dependence:
ayc,+K, aye ,+K, ?
Chor =~ N p2 +\/( N "2 J—Kacp(l—aN)+KW. (12)

The degree of dissociation o, for hydrogel of PMVE-MA with PPG and the apparent constant of disso-
ciation (pseudo constant of dissociation) K, dependingon C, and «, were estimated according to the equa-
tions 12 and 3 (Table 2).

Table 2
Value of pKa and n for hydrogel PMVE-MA with PPG at t = 25 °C in different media

Solvent pK’: n (equat. 4) pK,
Water 1.4+0.1 3.6301 1.8+0.1
Water — Ethyl alcohol 3.2+0.2 4.8092 3.4+0.1
Water — Acetone 2.3+£0.1 4.6443 2.5+0.2

Calculated values pK’:, pK, and n are represented in the Table 2. As can be seen, obtained results
comply with each other well.

Conclusions

Dissociation indexes of the hydrohel of PMVE-MA with PPG were determined by the potentiometric
titration in water and water-organic medium. Index of apparent constant of dissociation (pseudo constant of
dissociation) pK depends on the change of dissociation degree o, for the studied polymer. It was necessary
to extrapolate pK and o ;=0 for the purpose of determination of pK,.

Contrary to data of potentiometric titration, the apparent constant of dissociation (pseudo constant of
dissociation) pK* was determined by the use of colloid titration with the oppositely charged polycation is
essentially independent of the degree of dissociationa . In the case of the hydrohel of PMVE-MA with PPG
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the results of colloid titration do not point on the presence of two different ionized groups. This is explained
by the fact that in the process of titration the monovalent counter-ion entirely replaced into polycation. There-
fore we can measure the general concentration of polyacids anionic groups in hydrogel. Using the dissociation
constants determined by the colloid titration, it becomes possible to determine the degree of dissociation and
properly the charge of hydrogel of PMVE-MA with PPG for the wide spectrum of concentrations and neutral-
ization degree in the case if there will be the oppositely charged macromolecules or surfaces in them. This has
importance for the practical use of hydrogels if there is the replacement of counter-ions (for example, in ad-
sorption process).
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IMoMnponmjiIeHrJINKOJbMEH TirVireH, MajJeMH KbIIIKbIIBIHbIH MOJMMeTHJIBHHUIII
3¢ upiHiH )KaHA MOJUMEPJIK KelleHAePiHiH KbIIKbLUIIBIK KACHETTEPIH 3epTTey

TlomumponuIeHr TMKOIBMEH TIiTUIreH, MaJIeWH KBIIIKBUIBIHBIH noauMeTraBuHmI 3¢upiniy (IIT-men [IMBD-
MK)) nucconnanusiChIHBIH 6aphIChl MbIHAIAN ICTEPMEH 3€PTTEINi: KITACCHKAIBIK TOTCHIIHOMETPHSUIBIK THTP-
JIey JKOHE KOJUTOMATHIK TUTpIey. Kommonars! Tutpiey OapbIchiHAa OipBaNCHTTI Kepi HOHIAP KapChl 3apaaTai-
FaH MOJMKATHOHMEH aybICTBIPBUI/BI, OChUIAMIIA MOJUMPOMHICHIIMKOIBMEH TITUITCH MaJICHH KBINIKBITBIHBIH
MOJMMETHIIBHHII 3(QUPIHIH HETi3iHAErT THIPOTENiHIH aHHOHIBIK TONTAPBIHBIH JKAIBl KOHICHTPALUSICHI
AHBIKTAIIBL JIMCCOIMANIMSHBIH KOPIHETIH KOHCTAHTACKI OYJI pETTE TONMMUAIICKTPIIIK KEIICHHIH KalbINTacyblHa
GaitnaHbICTHI 00JTabL, ANlaliaa qUCConManys A9pexecine OainaHbICTh eMec. by opaiina moTeHINOMETPHUSIIBIK
TUTPJICY AUCCOIMAINS JCHTeHiHIH 6CcyiMeH 0ip Me3Tiiie a3aliThUIATHIH AUCCOIMAIMSIHBIH KOPIHETIH KOHCTaH-
TachlH aHBIKTayFa OOJIaThIHEI Oenrii. [ToMUIPOMUICHITIMKOIBMEH TIiTLITeH, MAICHH KBIIIKBUIBIHBIH TOJIAME-
TWJIBUHII d(QUPIHIH KBIIKBUIB HETI3iHACT1 THAPOTENbIiH KBIIKBUIABIK TONTApbIHAH MPOTOHIAAPABI OocaTy
KaTThI KATHOH/IBI TIOJIMAJIEKTPOIIUTI Oap KEIIeH 11 KaJbIITACThIPYFa ajbln Kenai. Ochuiaiiiia, TOTeHIIHOMETPHS-
JIBIK JKOHE KOJUTOMATHIK THTpJey HaTmxkenepid canbictoipy [III-Men Tirinren [IMB3-MK 6errepiHin Kbimi-
KBUIABIK CHIIATTaMaJIapbIHBIH )KOHE OHBIH (DYHKIIMOHAJIBIK KACHETTepiMeH e3apa OaillaHbIChI Typasibl aKmnapar
anyra MYMKiHIIK Gepeni. OCBIHBIH apKachIHa XaHa, THIMJLIIN OFapbl KOMIO3HLMSIIBIK MaTepuaiapbl
)Kacay MaKCaThIH/Ia OHbI KOJIJJaHy aiiMarblH aHbIKTAay MYMKIH/IIT1 allbUIIbI.

Kinm 6930617.' TIOJINBJICKTPOJINT, KOJIHOI/I,IITi TUTPJICY, MOTCHIUUOMETPUAIIBIK TUTPJICY, AUCCOLIMAlNA, THUAPO-
TCllb.
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A. XK. CapcenbekoBa, A.W. Xamurosa, T.E. Kimumoga, T.O. Xamutosa,
I'.K. Kynait6epren, 1.B. ®urypunene, A.T. Menemona, P.K. Coruenko

I/ICCJ'ICIIOBaHI/Ie KHCJOTHBIX CBOMCTB HOBBIX MNOJIUMEPHBIX
KOMIIJICEKCOB IMMOJIHUMETHJIBHHHJIOBOI0 3(])npa MaJIEHHOBOM KHCJI0THI,
CIIUTOIO MOJUIIPOMUAIICHTTUKOJIEM

XoJ TUcCoIMayy MOJUMETHIIBHHIIIOBOTO 3(hrpa MaJeHHOBON KUCIIOTHI, CITMTOTO TIOJIHUIIPONMICHITIHKOIEM
(IIMBS-MK c II1I"), 651 nCccefoBaH METOAAMH KJIACCHIECKOTO TIOTEHIIMOMETPHYECKOT0 THTPOBAHHUS U KOJI-
JIOUAHOTO TUTpoBaHus. [IpennonoxeHo, 4To B X01¢ KOJUIOMIHOTO TUTPOBAHUS OJHOBAJICHTHBIE IPOTUBOUOHBI
3aMEHSIOTCSI TPOTUBOTIOIOKHO 3apsKEHHBIM MOTUKAaTHOHOM, TAKUM 00pa3oM, onpeaenseTcs: o0mmas KOHLEeH-
TpaIysl aHHOHHBIX TPYII THAPOTes MOJHMMETMIBHHIIOBOTO 3(Hpa MaTeHHOBON KHCIOTHI, CITUTOTO IOJH-
npommieHrukoaeM. Kaxymascss kOHCTaHTa JUCCOILMAIMH TIPH 3TOM 3aBHCHT OT (POPMUPOBAHUS MONUIIIEK-
TPUYECKOTO KOMILIEKCa, HO HE CBsI3aHa CO CTENEeHbI0 Aucconnanuy. Kak M3BeCTHO, MOTEHIIMOMETPUIECKUM
TUTPOBAHUEM OIPEIEIIOT KaXYIIyHCd KOHCTAHTy NUCCOLUALUU, KOTOpas yMEHbIIAETCsl OAHOBPEMEHHO C
POCTOM CTENEHH IUCCOIMANK. BrIcBOOOKIeHHEe IPOTOHOB U3 KUCIOTHBIX I'PYII THAPOTENs TOJHMMETHIIBH-
HHUJIOBOTO 3(Hpa MAaJCHMHOBOH KHCIOTHI, CIIUTOTO IOJIMIIPONMICHITIMKOIEM, MIPUBOANT K (HOPMHUPOBAHUIO
KOMIIIeKca ¢ 0oJee CHIIbHBIM KaTHOHHBIM MOJIHAIEeKTposuToM. ClleoBaTeNbHO, CPABHEHNE PE3YIIbTaTOB MO-
TEHIHOMETPHUYECKOTO U KOJUIOMIHOTO TUTPOBAHUS IO3BOJISET MOMYYaTh HHYOPMAIIMIO O B3aHMOCBSI3H KHC-
JOTHBIX XapakrepucTuk nosepxHoctu [IMBD-MK c II1I" u ero ¢pyHKunoHansHeIME cBOWCcTBaMuU. briaronaps
3TOMY OTKPBIBA€TCS BO3MOXKHOCTh OIpeeTeHHs 00IacTH ero NPIMEHEHHUS AT CO3JaHuUsI HOBBIX BBICOKOA(D-
(heKTUBHBIX KOMITO3UIIMOHHBIX MaTEPHAIIOB.

Knrouesvie cnosa. TIOJIUBJIEKTPOJIMT, KOJUIOUAHOC TUTPOBAHUE, IOTCHIIUOMETPHUICCKOEC TUTPOBAHUE, NUCCOLIU-
anys, ruporeiib.
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