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Preparation of interpolymer complexes of chitosan and sodium alginate

The method of synthesis of new cheap and biodegradable soil former — an interpolymer complex (IPC)
based on natural polymers has been developed for the first time. To solve environmental problems biocom-
patible with living tissues, bioinert natural polymers — polysaccharides chitosan (CS) and sodium alginate
(AL) were used as structural components of the IPC. The chitosan-sodium alginate IPC was prepared by mix-
ing equimolar solutions of polymers in a given proportion. The composition and properties of the prepared
polymer complexes — mass, electrical conductivity, mechanical properties, rheological properties, size and
particle charge, structure were determined by physicochemical methods (reoviscosimetry, mechanical analy-
sis, gravimetry, potentiometric and conductometric titration, dynamic light scattering and Fourier-transform
infrared spectroscopy). The composition of the chitosan — sodium alginate complex CS: AL is 1:4. It is es-
tablished that the formation of an interpolymer non-stoichiometric complex occurs as a result of ion-ion inter-
actions. Films based on IPC of CS and AL were prepared and mechanical properties of this films were detect-
ed. Films based on interpolymer complex have higher mechanical strength than films of individual polymers.
Therefore, this polymer system is a promising material for the use it in preventing wind and water migration
of lands.

Keywords: complexation, biopolymers, chitosan, sodium alginate, composition, nonstoichiometric complex,
films, polyionic complexes.

Introduction

The production of new functional materials with a wide range of practical application is one of the main
challenges of modern science. From a scientific and practical point of view there is a special interest to
interpolymer complexes. IPCs possess a complex of unique physicochemical, colloidal and mechanical
properties which are promising for the use in various fields of science, engineering, medicine and agriculture
[1-3].

As known, IPCs are the products of the interaction between chemically complementary polymers which
form a large number of intermolecular bonds such as hydrogen, electrostatic, ion-dipole, Van der Waals, and
hydrophobic interactions [4].

The formation of IPC occurs in aqueous solutions through the binding of counter-ions with the ioniza-
tion of their reactive functional groups. The initial complexing polyelectrolytes contain ionic functional
groups, amount and relative position of which affect the thermodynamics of complexation and control stabil-
ity, define the structure and properties of IPC [5].

Interpolymer complexes based on natural polymers represent an extensive class of polymer compounds,
which due to their biodegradability, biocompatibility and non-toxicity find practical application as structure-
builders for disperse systems, materials for medical and biotechnological purposes, medicines, etc. [6—11].
Biopolymers like chitosan (polycation) and sodium alginate (polyanion) arouse interest among natural poly-
mers capable of forming polymer-polymer complexes.

Chitosan (poly B-1,4-2-deoxy-2-amino-D-glucopyranose) is the product of deacetylation of natural chi-
tin polysaccharide (Fig. 1).
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Figure 1. The structural formula of chitosan
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It is known [12, 13] that the presence of amino groups defines the behavior of chitosan in solution as a
weak cationic polyelectrolyte and it has pH-dependent solubility (it is easy to dissolve in acidic environments
and not to dissolve in neutral and alkaline environments).

Sodium alginate is an ionic polysaccharide obtained by alkaline extraction of brown algae, due to the
complex of very valuable properties in practical terms (water solubility, non-toxicity, high thickening ability)
holds one of the leading positions among water-soluble polymers of natural origin (Fig. 2).
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Figure 2. The structural formula of sodium alginate

Sodium alginate belongs to the family of unbranched double copolymers: residues of B-D-mannuric ac-
id and a-L-guluronic acid, connected by 1 — 4 glycosidic bonds. Due to its good water-holding capacity and
water solubility its main use is related to the ability to form gel [14].

The presence of ionogenic groups in chitosan and sodium alginate which are capable to form intermo-
lecular ion-ion and ion-dipole bonds creates a prerequisite for their use as components of the interpolymer
complex.

The purpose of this work is to establish the patterns of formation and structure of the interpolymer
complex based on natural polymers — chitosan (CS) and sodium alginate (AL).

Experimental

Chitosan is a commercial sample of Sigma-Aldrich (USA) with a medium viscosity molecular weight
(MW = 500 kDa), degree of deacetylation (DD 80 %).

Sodium alginate is a commercial sample with a molecular weight (440 kDa) (produced by Sigma-
Aldrich (China)).

The synthesis of IPCs was carried out by mixing the solutions of 0.01 M chitosan in 0.1 M hydrochloric
acid solution with 0.01 M aqueous solution of sodium alginate in molar ratios of [CS]:[AL] = [100:0],
[90:10], [80:20], [70:30], [60:40], [50:50], [40:60], [30:70], [20:80], [10:90], [0:100] (mol.%) at a tempera-
ture range 293-298 K. The obtained mixture was vigorously stirred on a shaker (model LS 110, LOIP, Rus-
sia) for 0.5—1 hours and kept for 1 day at room temperature, then it was centrifuged for 15 minutes at 3500
rpm and precipitate of IPC was filtrated. After washing the IPC with distilled water, the final product was
lyophilized (FreeZone, Labconco, USA).

Conductometric study of the CS-AL interpolymer complex formation was carried out using the S230
Seven Compact Mettler Toledo (Switzerland).

The structure of the IPCs was established by IR spectroscopy. IR spectra were recorded on a Fourier-
transform infrared spectrometer (FTIR) Carry 660 Agilent (USA) equipped with an ATR attachment in the
range from 400 to 4000 cm ™.

The charge of IPCs particles was determined by dynamic light scattering (DLS) on a Zetasizer Nano ZS
90 (Malvern, UK)) instrument.

Studies of the rheological properties (structural viscosity) of synthesized IPCs solutions were performed
on a rotational viscometer RheolabQC, «Anton Paar» (Austria) with a working cylinder-cylinder unit in the
range of shear stresses 3—600 Pa at room temperature.

Study of the mechanical characteristics of films from individual polymers, IPC-systems based on them
was carried out at room temperature on the TAXT plus Texture analyzer (Stable MicroSystems, UK) instru-
ment in compression mode using P/5S at a speed of 0.1 mm/s. For obtaining films the initial polymers and
IPCs mixtures were poured onto the polymer substrate and evaporated at room temperature and normal at-
mospheric pressure till an air-dry state [15].
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Results and discussion

Complexation in the system chitosan-sodium alginate was detected by a combination of physical and

chemical methods.
The results of conductometric determination of electrical conductivity in the system chitosan — sodium

alginate are presented in Figure 3.
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Figure 3. Conductometric titration curve in the CS-AL system

Figure 3 shows the conductometric titration curve of the chitosan-sodium alginate system at the molar
ratios [CS]:[AL] = [100:0], [90:10], [80:20], [70:30], [60:40], [50:50], [40:60], [30:70], [20:80], [10:90],
[0:100] and at the ratio [CS]:[AL] = [20]:[80] it has a pronounced bend, which according to the fundamentals
of the physical and chemical analysis indicates on the formation of an individual compound — IPC with the
composition [CS]:.[AL] = [1]:[4].

Evidence of the CS and AL complexation is the formation of a precipitate which is insoluble in water
and acidic solutions. The formed precipitation of IPC was a white, odorless gel-like mass, stable during cen-
trifugation; the maximum mass of the precipitate was determined by IPC with the [20]:[80] mol.% ratio.

The masses of precipitates of IPCs after centrifugation are given in Table 1.

Table 1

The masses of IPC precipitates after centrifugation

The mass of wet IPC
[CSI-[AL], mol.% precipitates, g
10]:[90] 0.0562

] 1.1825
] 1.1681
] 0.7730
] 0.5989
] 0.6537
]

]

]

0.5028
0.4215
0.3114

Maximum mass of the IPC precipitates is observed for the molar ratio [CS]:[AL] = [20]:[80] mol.%,
according to Table 1.

The complexation in the chitosan — sodium alginate system was also confirmed by the dynamic light
scattering (DLS) method. Dependence of the {-potential of particles on the ratio in the system of CS—AL is
shown in Figure 4.
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Figure 4. Dependence of the (-potential of the IPC particles on the composition of [CS]: [AL]
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Figure 5. IR spectra
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At the molar ratio [CS]:[AL] = [20]: [80] {-potential reaches zero value, as shown in Figure 4. It indi-
cates the neutralization of the positive charge of chitosan by the negative charge of the carboxylic group of
sodium alginate. This indicates the electrostatic interaction between the molecules of the polycation and the
polyanion and the cooperative nature of complexation.

Data obtained using DLS correspond well with data of the IR Fourier spectroscopic investigation of
complexation in the chitosan — sodium alginate system. IR spectra of CS, AL and IPCs based on them were
obtained (Fig. 5 q, b, ¢).

IR spectra of chitosan and alginate contain absorption bands that characterize all polysaccharides —
3000-3500 cm™' (vibrations of OH-groups), 2900-2950 cm ' (vibrations of CH,-groups), 1010-1050 cm™'
(vibrations of C—O—C sugar groups). IR spectra of chitosan (Fig. 5, @) contains absorption bands in the
1651 cm™' region (8NH,), this is characteristic of amino groups. Absorption bands are observed in the 1603
and 1412 cm™' region in IR spectra of alginate, it’s due to the presence of carboxylate — ionic groups.

The main changes occur in the spectra of the absorption bands of NH,-groups and carboxyl groups in
IR spectra of IPCs, which to point on their electrostatic interaction [16]. Main changes occur in the region of
the spectrum of stretching vibrations of carboxyl groups (1603 and 1412 cm™') and deformation vibrations of

sym

the amino group (1651 cm™), which during the formation of IPC lose their intensity and shift (v¥"co
1618 cm™', v o 1417 cm ™).

Rheological properties of [CS]:[AL] IPCs mixtures were investigated. The rheological behavior of pol-
ymer systems is determined by the mechanism of their formation, for which the nature, location and interac-
tion of the functional groups of the polymer matrix are particular importance [17].

Figure 6 shows the curve of shear stress dependence on the [CS]:[AL] molar ratio.
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Figure 6. Dependence of the shear stress on the ratio [CS]: [AL]

As shown in Figure 6, the highest shear stress was in the complex solution with the molar ratio [CS]:
[AL] = [20]: [80]. It’s due to the high degree of adhesion of branched structures and the intensity of intermo-
lecular interactions of the initial polymers [18] and leads to a decrease of IPCs associates size and their

strength.
The films based on IPCs of chitosan — alginate were prepared and their mechanical properties were

studied. The period of film formation on the polymer substrate IPC [CS]:[AL] was 3 days. The mechanical
characteristics of the molded films are shown in Table 2.

Table 2

Mechanical characteristics of films from chitosan, sodium alginate and IPCs based on them

Film composition Elastic modulus, Pa
AL 3.52+0.05
CS 0.26+0.08
IPC [CS]:[AL]= [20]:[80] mol.% 2.27+0.06
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The value of elastic modulus of the IPC (2.27 £ 0.06 Pa) with the molar ratio [CS]:[AL] = [20]:[80]
prevails over the value of the chitosan modulus (0.26+0.08 Pa) and comparable with the elastic modulus of
sodium alginate (3.52+0.05 Pa), as shown in Table 2. Mechanical strength is an important characteristic of
the IPCs, because it is further intended to be used as a former of the soil. Therefore, they must be resistant to
various loads and preserve the integrity of the structure.

Conclusion

Thus, as a result of complex physico-chemical studies, complexation was found in chitosan — sodium
alginate system with the optimal composition of IPC [CS]:[AL] = [1]:[4]. This ratio for an interacting pair of
polyelectrolytes characterizes the formation of non-stoichiometric IPCs. Alginate-chitosan polyionic com-
plexes are formed due to the ion-ion interaction between the carboxyl groups of alginate and the amino
groups of chitosan.

The work was carried out with the financial support of the Ministry of Education and Science of the Re-
public of Kazakhstan, grant AP05134681.
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K.C. Kaceimona, JI.K. OpaszxanoBa, b.b. basgxmeToBa,
b.C. l'aiicuna, H.b. Kacenosa, I'.T. EnemecoBa

XHTO3aH MeH HATPHIi aJILI'MHATHI Heri3iHje MHTePNoJINMePJIiK KOMILIEKCTepAi aay

AJFan per jkaHa ap3aH JKOHE OWOBLIBIPANTBIH TOIBIPAK KYPBUIBIMTY3TIIITEp — TabUFH HOIMMEpIep
Herizingeri uarepnonumMepik kommiekcrepai (UIIK) cuntesaey aaici a3ipaeHai. DKOIOTHIIBIK Macesenepai
Iy MaKCaThIHa HHTEPIOIMMEPIIK KOMIUIEKCTIH KYPbUIBIM/IBIK KOMIIOHEHTTEpI peTiHae Tipi yimnanapMeH
OuoyiinecimMai, OuomHepTTi Taburu mojmmepinep — xurtozaH (XT3) men natpuil anprusatel (AJINa)
TIOJIMCaXapuATepl KOJMAHBUIABL. XWTO3aH — HATPUH aJIBTMHATEl HMHTEPIOIMMEpPIK KOMIUIEKCI OepiiareH
KaTBIHACTA IIOJIMMEpJIEP/iH SKBUMOJSIPIBI EPITIHAUICPIH KOCY oIiCIMEH aJBIHIBI AJIBIHFAaH HHTEPIO-
JUMEpIIiK KOMIUIEKCTEePIIH KYpaMbl MEH KacHeTTepi — Macca, HJIEKTPOTKITIITIK, MEXaHUKAJIBIK JKOHE
PEOJIOTHSUIBIK  KacHeTTepi, OOJIEeKTepAiH eimeMi MEH 3apsibl, KYpBUIBIMBI (DH3MKA-XMMISUIBIK Tajiay
onmicrepMeH  (PEOBHUCKO3MMETPHS, MEXaHMKalbIK Tajidy, TIpPaBUMETPUS, TOTCHUHOMETPIIK JKOHE
KOHAYKTOMETPIIK THUTpJCy, AUHAMHUKaJbIK kapblk mambipay (DKL) sxone NK-Oypbe crekTpOCKOIHs)
aHpIKTanApl. UMHTepnomumeprnik  kommuiekc Kypambl XT3 — AJINa=1:4. CTeXxHOMETPUSIBIK eMec
MHTEPHOJIMMEPIIIK KOMIUICKC MOH-HOHIBIK ©3apa OpEKeTTeCy HOTIKECiHIe makaa OosaThiHbl OalKaiibl.
XT3-AJINa WIIK HeriziHae NOMMMEPIIK KaOBIHIAP AaJBIHIBIN, OJIAPJBIH MEXaHUKAIBIK KacHUeTTepi
aHBIKTaNABL. VHTEeprmonuMmepili KOMIUIEKC HETi3iHAeri >XaObIHAAPIBIH MEXaHUKAIBIK OepIKTUIr Keke
TIOJIMMEPIIEP IiH XKaOBIHIAPMEH CaJBICTBIPFAaH/IA JKOFAPbI; OYJT alIbIHFaH MOJIMMEPITi JKYHEH] TONBIPAKTHIH JKell
MEH CYyJBIH OCEpiHeH MHUTPAIMSCHIHA KOJ OepMey YIIIH KoigaHyFa OOJNaThIH IEpCHeKTHBTI MaTepuaiiap
Kacayra MYMKIHIIK Geperi.

Kinm cesdep: xommiekc Ty3y, OHOIONUMEpNep, XUTO3aH, HATPUH albIMHATBI, KYpPaM, CTEXHOMETPUSIIBIK
eMec KOMIUIEKC, ska0bIHIap, MOIUHOHIBI KOMILIEKC.

2K.C. Kaceimona, JI.K. Opa3zxanoBa, b.b. basgxmeToBa,
b.C. TI'aiicuna, H.b. Kacenosna, I'.'T. EnemecoBa

HO.]'Iy‘IEHI/Ie HHTEPMOJIUMEPHBIX KOMILIEKCOB
Ha OCHOBE XUTO3aHA U aJIbI'MHATA HATPUSA

Bnepsble pazpaboTaHa METOAMKA CHHTE3a HOBBIX JACHIEBBIX M OMOpa3laraeMbIX CTPYKTypooOpasoBarelneil
o4y — uHTepnoauMepHoro kommiekca (MIIK) na ocHoBe mpupoHBIX MOIUMEPOB. B kauecTBe CTPYKTYp-
HBIX KOMIIOHCHTOB MHTEPIIOIMMEPHOTO KOMILIEKCa JUIsl PENIeHHs SKOJIOTHIECKUX MpoOIeM OBUTH HCHONB30-
BaHBI OHOCOBMECTHMEIE C KHBBIMH TKAHSIMH OHOMHEPTHBIC NPUPOIHBIC OJIUMEPHI — MOJIUCAXaPUABI XUTO-
3aH (XT3) n ansrunar Hatpus (AJINa). HTEprnoarMepHBIil KOMIUIEKC XHTO3aH — aJbrHHAT HATPHs OBLT I10-
JIy9eH METOIOM CMEIIeHHs KBUMOJIIPHBIX PacTBOPOB ITOJMMEPOB B 3aJlaHHOM mporopuun. Meronamu ¢u-
3MKO-XMMHUYECKOTO aHali3a (PEOBUCKO3UMETPHHU, MEXAHHMYECKOTO aHaIM3a, TPAaBUMETPHH, MOTEHIIMOMETPH-
YECKOTO U KOHIYKTOMETPUYECKOTO TUTPOBAaHHM, TUHaMHUUYecKoro jasepHoro cseropaccesaus (JJIC) u UK-
Dypbe CIIEKTPOCKONHNH) ONpPEETIEeHbI COCTaB U CBOWCTBA MONYYEHHBIX MOJIMMEPHBIX KOMIIJIEKCOB — Macca,
3NIEKTPONPOBOJHOCTh, MEXaHHYIECKHE CBOHCTBA, PEOJIOTUUECKUE CBOMCTBA, pa3Mephl U 3apsij YaCTHII, CTPYK-
typa. Cocras nnreprnonnMepHoro komiurekca [XT3]:[AJINa] = 1:4. O6napyxeHo, 4To (HOPMHPOBAHUE UH-
TEPIOIMMEPHOr0 HECTEXUOMETPUYECKOr0 KOMILIEKCA IPOMCXOAUT B PE3YJIbTaTe HOH-UOHHBIX B3aUMOAEHCT-
Buil. [lomydensl nomumepusle mieHky Ha ocHoBe MITK XT3—-AJINa, u onpeaencHsl UX MEXaHUYECKUE CBOM-
CTBa. Y CTaHOBJICHO, YTO MEXaHUYECKasl IPOYHOCTH IJICHOK Ha OCHOBE UHTEPIIOJUMEPHOr0 KOMILIEKCA BBIIIE
B CPaBHEHHH C IJIEHKAMHU OTAENBHBIX MOJIUMEPOB, UTO JETAeT AAHHYIO NMOJMMEPHYIO CHCTEMY MEpPCIEKTHB-
HBIM MaTEPHAJIOM B IEJISIX UCTIOIb30BAHUS AT MPEIOTBPAILICHHS BETPOBOH 1 BOJHON MUTPAIUU 3EMETb.

Kniouesvie cnosa: KOMHJ’IeKCOO6pa3OBaHI/Ie, 6PIOHOJ'II/IM€pI>I, XUTO3aH, aJIbIr'MHAT HATpUsA, COCTaB, HECTEXHO-
MeTpPI‘ICCKI/Iﬁ KOMIUJICKC, IJICHKH, ITOJJTUHOHHBIC KOMIIJICKCHI.
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