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Abstract. The interaction of oppositely charged polyelectrolytes (sodium salt of
carboxymethylcellulose (NaCMC), methylcellulose (MC), polyethylenimine (PEI) and
polydimethyldiallylammonium chloride (PDMDAAC), and unifloc (UF)) in an aqueous
environment was studied using the methods of viscometry, spectrophotometry and
macroelectrophoresis. It has been established that the interaction of these polyelectrolytes is
accompanied by a significant decrease in reduced viscosity (up to 0.1-0.15 dl/g, which is typical
for compacted macromolecules of globular proteins), an increase in optical density and an
inversion of the sign of the electrokinetic potential. All this indicates the formation of interpolymer
complexes from interacting cationic and anionic polyelectrolytes. Experimental results of studying
the properties of water soluble polymers and their polyelectrolyte complexes in aqueous solutions
at the water/air interface are described and discussed. It has been shown that complex formation
in relatively simple systems is accompanied by changes in the pH of the medium, optical,
hydrodynamic, electrochemical and other properties of macromolecules. In the systems we
studied, the interaction of the system components is not accompanied by variations in the pH of
the medium, therefore, information about the interaction of water-soluble polyelectrolytes in the
systems we studied was obtained based on viscometric and spectrophotometric titration data, as
well as from changes in the electrokinetic potential of macromolecules. The study of the
electrokinetic potential showed that the formation of interpolymer complexes in the systems under
consideration is accompanied by significant changes in the electrokinetic potential of
macromolecules. A study of the properties of mixtures of aqueous solutions of Na-CMC, MC, UF
with polydimethyldiallylammonium chloride and polyethylenimine indicates the formation of
interpolyelectrolyte complexes that have a more compact structure than the original
macromolecules.

Key words: polyelectrolytes; flocculation; cross-linking; stability; interpolymer
complexes; optical density; polymer.

Introduction. The flocculating and structure-forming effects of water-soluble
polyelectrolytes and their polycomplexes largely depend on the state of macromolecules in
solution - in an expanded state (in dilute solutions), macromolecules, having significant
hydrodynamic sizes, are prone to interact with a large number of particles of the dispersed phase
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[1- 6]. This leads to aggregation of particles with each other, expressed in accelerated
sedimentation of such aggregates (if the density of dispersed phase particles is higher than the
density of the dispersion medium). Otherwise, this process is called flocculation.

Flocculation by polyelectrolytes depends on the state of ionization and concentration of
macromolecules, the surface charge of dispersed phase particles.

At high concentrations, macromolecules coagulate and form compact globules [7, 8]. Such
macromolecules, when adsorbed on the surface of particles of the dispersed phase, form dense
layers that have structural and mechanical properties, and therefore stabilize the dispersed system.

Thus, a scientifically based approach to the selection of water-soluble polyelectrolytes and
their polycomplexes for flocculation of particles from dilute suspensions and structuring in
concentrated suspensions, in principle, should consist in a preliminary study of the properties of
such polymers and their polycomplexes in dilute and concentrated aqueous solutions.

In this regard, in this work, the study of the effect of water-soluble polyelectrolytes and
their interpolymer complexes on these suspensions was preceded by the study of these polymers
in aqueous solutions.

The formation of interpolymer complexes in aqueous solutions of water-soluble
polyelectrolytes has been quite well studied by foreign and Kazakh scientists. It has been shown
that complex formation in relatively simple systems is accompanied by changes in the pH of the
medium, optical, hydrodynamic, electrochemical and other properties of macromolecules. In the
systems we studied, the interaction of the system components is not accompanied by variations in
the pH of the medium; therefore, information about the interaction of water-soluble
polyelectrolytes in the systems we studied was obtained based on viscometric and
spectrophotometric titration data, as well as from changes in the electrokinetic potential of
macromolecules.

Materials and research methods. The objects of research are the following water-soluble
polymers: unifloc (UF) — a saponification product of polyacrylonitrile [9], sodium salt of
carboxymethylcellulose (NaCMC) and methylcellulose (MC), polyethylenimine (PEI) and
polydimethyldiallylammonium chloride (PDDMAAC).

The choice of these polyelectrolytes as objects of study is due to the fact that, on the one
hand, methylcellulose is a highly water-soluble polymer. On the other hand, unifloc and NaCMC
are used due to the fact that they are obtained relatively simply from production waste and are
widely available polymers. Polydimethyldiallylammonium chloride is a fairly well-studied
polyelectrolyte and its practical applications are quite diverse, for example, it is a highly effective
flocculating agent for water purification. The peculiarities of the interaction of UF with these
polyelectrolytes are also important for the creation of modified forms of UF.

The work used aqueous solutions of polyelectrolytes with a concentration of 0.001-2.0 base
mole/l. When calculating the concentration of the polymer in solution, the mass of the monomer
unit of the macromolecule was taken as the molecular weight (i.e., the concentration was expressed
as a basis - mole/l).

The stability of the interpolymer complex was judged by the change in the optical density
of the system, which was determined on an SF-46 spectrophotometer. The electrophoretic mobility
of particles was measured using the moving boundary method [10], and the value of the &-potential
was calculated using the well-known Smoluchowski formula [10], i.e., without taking into account
the polarization of the electric double layer, the contribution of which, under the conditions of our
experiments, could be in the first approaching. The measurement error (&-potential) was 1 mV.

Results and Discussion. The formation of interpolymer complexes in aqueous solutions of
water-soluble polyelectrolytes has been quite well studied by foreign and kazakhstani scientists. It
has been shown that complex formation in relatively simple systems is accompanied by changes
in the pH of the medium, optical, hydrodynamic, electrochemical and other properties of
macromolecules. In the systems we studied, the interaction of the system components is not
accompanied by variations in the pH of the medium, therefore, information about the interaction
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of water-soluble polyelectrolytes in the systems we studied was obtained based on viscometric and
spectrophotometric titration data, as well as from changes in the electrokinetic potential of
macromolecules.

In fig. 1 (a, b). The concentration dependences of the reduced viscosity ( red.) and optical
density (D) of aqueous solutions of water-soluble polymers - Uniflok, PDMDAAC, PEI, MC, Na-
CMC - are presented.
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Figure 1— Concentration dependences of reduced viscosity (a) and optical density (b) of
aqueous solutions of polyelectrolytes

These data indicate the typical polyelectrolyte nature of these polymers: with dilution of
the solution, the values of the reduced viscosity increase [11]. This is the phenomenon of
polyelectrolyte swelling. It should be noted that the unfolding of macromolecules is accompanied
by a decrease in the optical density of their aqueous solutions (Fig. 1 b).

In order to study the peculiarities of the formation of interpolymer complexes in mixtures
of oppositely charged polyelectrolytes, in this work, the main attention was paid to studying the
change in A and D of aqueous solutions of anionic polyelectrolytes - Na-CMC, MC and UV, when
titrated with cationic polyelectrolytes PEI (weakly basic) and PDMDAAC ( strongly basic).

Figure 2 shows the curves of viscometric and turbidimetric titration of Na-CMC and MC
with the indicated polycations.
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Figure 2 — Dependence of optical density (1-3) and reduced viscosity (4) of aqueous solutions of
Na-CMC during titration with PDMDAAC and PEI

It can be seen from the figure that with an increase in the relative concentration (n) of

interacting polyelectrolytes ; res. decreases significantly, reaching extremely small (0.1 dl/g)

values. Such low values of reduced viscosity are usually characteristic of compact (globular)
macromolecules. The reaction of the formation of a complex of sodium salt of
carboxymethylcellulose with PDMDAAC can be represented as follows:

—
CsH1eN*Cl + CsH702(OH)3.x(OCH2COONa)x CgH16N+(COO CH20)x(OH)3.x0O2H7Cs + NaCl

It follows from the reaction equation that the driving force for the formation of
interpolymer complexes in the systems under consideration is the electrostatic interactions of
oppositely charged functional groups of macromolecules stabilized by hydrophobic interactions
and hydrogen bonds (H-bonds).

To obtain further information about the complexation mechanism of water-soluble
polyelectrolytes, the electrokinetic potential was studied. Studies have shown that the formation
of interpolymer complexes in the systems under consideration is accompanied by significant
changes in the electrokinetic potential of macromolecules (Fig. 3).
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Figure 3 — Electrokinetic potential of aqueous solutions of Na-CMC with PDMDAAC (1) and
PEI (2)

As can be seen from the figure, titration of an aqueous solution of polycations with Na-
CMC leads to a decrease in the positive ¢ - potential, and then, at large values of n, to recharging

of the resulting particles of the interpolymer complex [12]. Moreover, the higher the charge density
of the polycation (PDMDAAC), the earlier (on the n scale) this process occurs. This indicates a
greater efficiency of the interaction of Na-CMC with PDMDAAC compared to PEI.

The interaction of UF with PDMDAAC occurs somewhat differently (Fig. 4). In this case,
the formation of the interpolymer complex, although accompanied by a significant decrease in
reduced viscosity (up to 0.1), however, the optical density initially increases slightly, and then, in
the range of 0.25 n 1.0, decreases significantly, reaching plateau in the region of n 1.5. Such
complex dependences D (n) = f (n) are apparently associated with the blocking of charged groups
of PDMDAAC by unifloc and their neutralization in the n region of 0.2-0.3. After this, the
introduced excess polyampholyte ions recharge the surface of the complex, lyophilizing it [13,
14].

@
C o ©




YESSENOV SCIENCE JOURNAL Me2 (45)-2023 /// YESSENOV SCIENCE JOURNAL 2023, Vol.45 (2)

Jo,14
ﬁn
ﬁm
:0ﬂ8n
40,06
40,04
40,02

0,00

Figure 4 — Change of reduced viscosity (1); optical density (2) during titration of unifloc with
PDMDAAC

It can be assumed that the functional groups of the polycation interact with the COON
groups of the unifloc as the most strongly dissociated groups by change. This can lead to an
imbalance in the ratio of positively and negatively charged groups of unifloc macromolecules. The
predominant contribution of electrostatic interactions in the formation of the interpolymer complex
of unifloc with the polycations under consideration is evidenced by changes in the ¢ -potential of

macromolecules (Fig. 5).
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Figure 5 — Dependence of the electrokinetic potential of UF macromolecules on the relative
concentration of PDMDAAC (1) and PEI (2)

Titration of an aqueous solution of unifloc with polycations is accompanied first by a
significant decrease in the potential of UF macromolecules, and then by their recharging. In this
case, the highly charged polycation (PDMDAAC), as in the previous case, at significantly lower
n values than PEI, leads to recharging of the interpolymer complex.

Thus, the study of the properties of mixtures of aqueous solutions of Na-CMC, MC, UF
with polydimethyldiallylammonium chloride and polyethylenimine indicates the formation of
interpolyelectrolyte complexes that have a more compact structure than the original
macromolecules.

Conclusion. Due to the phenomenon of polyelectrolyte swelling, the reduced viscosity
values increase in dilute solutions of polyelectrolytes. In this case, the unfolding of
macromolecules is accompanied by a decrease in the optical density of their aqueous solutions.

With increasing relative concentration (n) of interacting polyelectrolytes, the reduced
viscosity decreases significantly, reaching extremely low values. Such low values of reduced
viscosity are usually characteristic of compact (globular) macromolecules.
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Titration of an aqueous solution of polycations with Na-CMC leads to a decrease in the
positive £ - potential, and then, at large values of n, to a recharge of the resulting particles of the

interpolymer complex.

When UF interacts with PDMDAAC, an interpolymer complex is formed, and the reduced
viscosity decreases, but the optical density first increases slightly, and then, in the range of 0,25 <
n < 1,0, decreases significantly, reaching a plateau in the region of n>1,5. Such complex
dependences D (n) = f (n) are apparently associated with the blocking of charged groups of
PDMDAAC by unifloc and their neutralization in the n region of 0.2-0.3.

Thus, the study of the properties of mixtures of aqueous solutions of Na-CMC, MC, UF
with polydimethyldiallylammonium chloride and polyethylenimine indicates the formation of
interpolyelectrolyte complexes that have a more compact structure than the original
macromolecules.
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bycypmanosa Axkence
111 Ecenog amvinoazel Kacnuii mexnono2uanap sdcane uHMCUHUPUHR YHUBEPCUMemi
Axmay K., Kazaxkcman
CYJA EPUTIH NIOJIUMEPJIEP MEH OJIAPJABIH ITOJIUKOMIIVIEKCTEPIHIH
CVYJIbI EPITIHAIAET'T KACUETTEPI

Anoamna. Kapama-kapcer 3apsATalFad HOJIUAJIEKTPOIUTTEPIIH
(kapObokcumermnnemono3anbly, — HaTtpuit  Ty3sl  (Na-KMLI), wmerunuemmonoza (ML),
nosmmaTUIeHnMuH (ITON) sxone momuaumetmnauanmiammonnil xinopuai (IIJIMIAAX), yaudiiok
(Y®)) cynmel opragarbl e3apa OpEKeTTeCyi BHCKO3UMETPHs, CIHEKTPOPOTOMETPUS KOHE
MakpoasieKTopdopes oiCTepiHIH KOeMeriMeH 3epTTeNll. byl MOoNMM3IeKTPONUTTEepIiH e3apa
opeKeTTecyl KeNTIpUIreH TYTKBIPJIBIKTBIH aitapnbikraii Temennaeyimen (0,1-0,15 mn/r neiiin,
MIOOYNSIpabl  OCNIOKTAapAbIH — THIFBI3JANFAH  MaKpOMOJIEKyJallapblHa  TOH),  ONTHUKAJIBIK
TBIFBI3JIBIKTBIH ~ JKOFApbUIAYbIMEH  JKOHE  JJICKTPOKMHETUKAJBIK  IMOTCHLIUAN  OeNriCiHiH
MHBEPCHUSICHIMEH KYPETiH1 aHbIKTaJIIbl. OCBIHBIH OapIIbIFbI ©3apa OPEKETTECETIH KATUOH/IBIK JKOHE
AQHUOH/IBI TTOMAJICKTPOIUTTEPACH WHTEPIIOMMEPITI KOMIIEKCTEPIIH Ty3UtyiH kepcereni. Cyna
EpPUTIH TOJIMANEKTPOIUTTEPIH IKOHE ONapHAblH cy/aya Oeny IIeKapachIHAAFbl  CYIIbl
epITIHAIEpAETI TOIMANEKTPOIUTTIK KOMIUICKCTEPIHIH KACHETTEpiH 3epTTeyIiH TKIpHOeTiK
HOTIDKETIEpl CUTATTallFaH >KoHE TankbulanraH. CanbpIcThIpManbl TYpAE KapamailbiM Kylenepae
KOMIUIEKC Ty3iTy OpTaHelH pH, MakpoMolsieKylanapAblH ONTHUKAJIBIK, THUAPOJWHAMHUKAIIBIK,
JNEKTPOXUMHUSIIBIK JKOHE Oacka KacHeTTepiHIH ©3repyiMeH Karap KYPETiHI KOepPCETiITeH.
3epTTeNneTiH Kyhenepae Kyie KOMIIOHEHTTEPiHIH e3apa opekerTecyi opTaHslH pH esrepyimMen
Katap >KYpMeii, COHABIKTAH OChI 3€PTTEreH KyHeneperi Cy/a epuTiH MOTUIIEKTPOIUTTEPIiH
©3apa oOpeKeTTeCyl Typajbl aKIapaT BUCKO3UMETPHSUIBIK JKOHE CIIEKTPO(OTOMETPHSIIBIK TUTPIICY
HEri3iHAe, COHJAal-aK, MAaKpPOMOJIEKYylalapAblH O3JEKTPOKHMHETUKAIBIK  MOTEHIUAIBIHBIH
©3TepyiHeH JEpeKTep AJbIHIBL. DJICKTPKUHETHKAIBIK MOTEHIHAIIBl 3€PTTeY KapacThIPBUIBII
OTBIPFaH OKyHeneple HHTEePHOIUMEPIl KOMIUIEKCTEPIIH TY3UTyl MaKpOMOJEKyIanapibiH
AIIEKTPOKUHETHKAIIBIK TIOTCHIIMAIBIHBIH eJeyJli e3repicTepiMen xypeTiHin kepcerti. Na-KMII,
ML, VY® cynbsl epiTIHAUIEPIHIH  MNOJMAUMETWIIHAIMIAMMOHUA  XJIOPUAL  JKOHE
MOJIMATHIICHUMIHMEH KOCTIAJIAPBIHBIH KACHETTEpiH 3epTTey OacTanKpl MaKpOMOJIEKYyiajapra
KaparaHJa bIKIIaM KYPbUIBIMFA U€ HHTEPIOIUAIIEKTPOIUTTIK KeIICHAEP/AiH TY31UTyiH KepceTesi.

Kinm ce30ep: mnonudneKTponuTTep; (QUIOKYIALNS; KYPbUIBIM TY3L1y; TYpPaKTBUIBIK;
MHTEPIIONIUMEPIIIK KOMILIEKCTEDP; ONTUKAJIBIK THIFBI3BIK; MTOJTUMED.

Bbycypmanoea Axkenaice
Kacnuiickuii ynusepcumem mexnonoeuii u unscunupunea um. L. Ecenosa

2. Axmay, Kazaxcman
CBOWCTBA BOJOPACTBOPUMBIX ITOJIMUMEPOB U UX TOJIMKOMILIEKCOB B

BOJHBIX PACTBOPAX
Annomauus. Nzyueno B3aNMO/IEIICTBIE MIPOTHBOTIONIOKHO 3apSIKECHHBIX
MOJIMAJIEKTPOIIUTOB (HATPUEBOH comn KapOokcumeTumetono3bl (Na-KMII), meTuniienatono3sl
(ML), mommatrnennmuaa ([19U) n xnopuaa nmomuaumerwanammmmiammonnst (ITJIMIAAX),
yaupaoka (Y®)) B BOAHOW cpede METOJaMH BHCKO3UMETPHH, CHEKTPO()OTOMETpUH H
MakpodJjekTpodope3a. YCTaHOBIEHO, YTO B3aHUMOJCIHCTBHE O3TUX  IOJHUAJIEKTPOIUTOB
COTMPOBOXKAAETCS 3HAYUTEIHHBIM CHIDKEHHEM NpuBefeHHOW Bszkoctu (o 0,1-0,15 mi/r, uto
XapakTepHO I KOMIAKTUPOBAHHBIX MAaKPOMOJEKYNT TIOOYISPHBIX OEIKOB), yBEIWYEHUEM
ONTUYECKON TIJIOTHOCTM M HMHBEPCUEH 3HAK DSJIEKTPOKMHETHMYECKOro MoTeHiuana. Bce 310
yKa3blBa€T Ha OOpa30BaHHWE WHTEPIOIMMEPHBIX KOMILIEKCOB W3 B3aMMOJICHCTBYIOIINX
KaTHOHHBIX M AHHOHHBIX TOIUAIIEKTPONUTOB. OmNUcaHbl U OOCYXKIEHBI IKCIEPUMEHTAIbHbBIE
pe3ynbTaThl  HMCCICNOBAHUS  CBOMCTB  BOJOPACTBOPHUMBIX  TMOJMIJEKTPOJIUTOB H  HX
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MOJIMDJICKTPOJIMTHBIX KOMIUIEKCOB B BOJHBIX pacTBOpax Ha TpaHUIIE pasjesia BOJIa/BO3IYX.
[ToxazaHo, 9YTO KOMITJIEKCOOOpAa30BaHNE B OTHOCHTEIIBHO MPOCTHIX CHUCTEMaxX COMPOBOXKIACTCS
n3mMeHeHueM pH cpenbl, onTHYECKUX, THAPOJAUHAMHYECKUX, IIEKTPOXUMUYECKUX H APYTHX
CBOMCTB MakpOMOJIEKYJI. B ucce10BaHHBIX CHCTEMaX B3aUMOJICHCTBHE KOMIIOHECHTOB CHCTEMBbI
HE COINPOBOXMaeTcs u3MeHeHneM pH cpenpl, mosTomMy HHpOpMAIUS O B3aUMOJCHCTBUU
BOJIOPACTBOPUMBIX IIOJIMAJICKTPOJIMTOB B HM3YUYCHHBIX HAMHM CHCTEMax II0JydyeHa Ha OCHOBE
JAHHBIX BHUCKO3MMETPHYECKOTO U CIEKTPOPOTOMETPUYECKOTO THTPOBAHMS, a TaKXKE OT
W3MEHEHHS AIEKTPOKUHETHYECKOTO MOTeHIHaNa MaKpOMOJICKYI. HccnenoBanue
AJIEKTPOKMHETHYECKOTO  IMOTCHIMANa I[0Ka3ajlo, 4YTO O0pa30BaHWE HWHTEPIOIMMEPHBIX
KOMILJIEKCOB B PAacCMAaTPUBAEMBIX CHCTEMaX COIPOBOXKIACTCS CYIIECTBEHHBIMH W3MECHCHHUSIMU
AJNIEKTPOKUHETUYECKOTO MOTEHIMaga Makpomoliekyi. MccnenoBanue CBOMCTB cMeceil BOAHBIX
pactBopoB  Na-KMIL[, MI], VY® ¢ xjopuaoM MNOJUIUMETWIANAUIMIAMMOHUA U
MOJIMATUIICHUMUHOM YKa3bIBae€T Ha OOpa30BaHHE WHTEPIIOIMIICKTPOIUTHBIX KOMIUICKCOB,
UMEIOIIHNX 00JIee KOMITAKTHYIO CTPYKTYPY, YeM HCXOHBIE MAKPOMOJICKYJIBI.

Kniouesvle cnoga:  TONVANEKTPONIUTHI,  (QIIOKYISALHUS,  CTPYKTYpoOOpazoBaHUE,
CTaOMIIBHOCTD; HHTEPIIOJIMMEPHBIC KOMILIEKCHI; ONTHYECKAS INIOTHOCTD; ITOJIUMED.
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