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MOJEJIBHAS PEAKIIUA PA3JIOXKEHUA IIEPOKCHUIA BOJIOPOJA
INOJIMMEPMETAIVIMMECKUMH KOMIVIEKCAMU

Annomayust

OcBoeHHE TPHHIOUIOB (YHKIMOHHPOBAHMS JKHMBOTO OOECIEYMBACT BO3MOKHOCTH —CO3HATEILHOTO
HUCIIOJIB30BaHUs UX B 60.]'[66 IPOCTBIX MOJICKYJISIPHO-OPIraHU30BAHHBLIX CHUCTCMaAx. OTO W SABIAETCI MpeaMeToM
OMOMMMETHYECKOTO TOAX0Ja K PEIICHHI0O MHOTMX XHMHYECKHX 3a1ad. Ecnmm panblie moj OMOMHUMETHKOM
MOHUMAJIH «4acTh OPraHMYECKOW XUMHH, ITBITAIONIEHCS IMHUTHPOBATh TIPUPOHBIE PEaKiy 1 (hepMEHTATHBHBIC
MPOLIECCHl KaK CPEACTBO YBEIMYEHUS] BO3MOXKHOCTEM OpPraHMYECKOW XHWMHUW», TO B JaJbHEMILEM, 3TO
HAIpaBJICHUE 3HAYUTEIILHO PACIIHPUIIOCE.

3amaun OMOMHMETHYECKOH XMMHUH 3aKIIFOYAIOTCSl B MOJEIMPOBAHMM OHOXMMHYECKHX IIPOLIECCOB Ha
MOJIEKYJISIPHOM YPOBHE U UCIOJIL30BAaHWM PE3YJIbTATOB ISl TOJTYYCHUS] «CHHTETHYECKHUX» (EPMEHTOB
(«crH3UMOBY), (hepMEHTONOAOOHBIX CHCTEM, MPEBOCXOAAIINX [0 MHOTMM CBOWMCTBaM NPHPOIHBIC, CO3IaHHUH
HCCKYCTBEHHBIX TEPEHOCUYMKOB KHCIOPOAA, CHHTETHYECKHX MAaTEPHAIOB HOBOM TEXHHKH HA OCHOBE
OMONIOTMYECKUX BEIECTB, MOJICIUPOBAHUN KO(epMeHTOB, HOHO(GOPOB, (GOTOMPEOOPa3yIOMNX YCTPOUCTB,
TPOBOJIAIIMX MAaTEPHAIIOB.

®epMeHTH U (EPMEHTOINOIO0HBIE CUCTEMBI, PA0OTAIOIINE MO MPUHIIUIY METAIIOPEPMEHTOB U
MPUOTIDKAIOIIMECS K HUM IO aKTUBHOCTH M M30UPATEIbHOCTH JIEHCTBHS, TPHUMEHSIOTCS B CaMBIX
Pa3MUYHBIX HAIMPABJICHUSX MPAKTUYECKOW JEATEIbHOCTH YeNlOBEKa: B MUIIEBOM, (hapMalleBTHUECKOH,
TEKCTUJIBHOM MPOMBIIIICHHOCTH, B Pa3IMYHBIX OMOTEXHOJNOTMYECKHX TIpolleccax, MpPU CO3AaHUH
(hepMEHTAaTUBHBIX AHATUTHUECKUX CUCTeM. K COXKaJleHHIO, MIMPOKOE IMPAKTHUYECKOE IMPHUMEHEHUE
HATUBHBIX (DEPMEHTOB 3aTPYIHEHO W3-32 UX CIIOKHOW TEXHOJOTHMHU TOJYYEHHS, CBS3aHHOM, TpEexIe
BCEro, C UX JTAaOMILHOCTBIO U YKOHOMHYECKON HEleleco00pa3HOCThIO MCIOIb30BAHHS B TOMOT€HHBIX
pacTBopax. OTH HEJIOCTaTKU MOXKHO YCTPAHUTH C TIOMOIIBIO (PEPMEHTOB, CBS3aHHBIX C HOCHUTEIIEM
Pa3IUYHBIMU CIIOCOOaMU, T.€. MyTeM UMMOOHIU3aIMU. BMecTe ¢ TeM manasi ToCTymHOCTh (PepMEHTOB,
0COOEHHO MX YHCTHIX IMPENapaToB, JAOWIBHOCTh U, BCIEICTBHUE ATOTO OTPAHUYEHHOCTh MPUMEHEHHS B
OKCTPEMATBHBIX YCJIOBUSX CO3JAIOT TMPEANOCHUIKH Ui CO3JaHUs 00jiee CTaOMIIBHBIX MOJIEIbHBIX
OMOKATATUTUYECKUX CHUCTEM, UMUTHPYIOIINX aKTUBHBIC LIEHTPHI Pa3IuYHbIX (GepMeHTOB. B cBsi3u ¢
3TUM aKTyaJbHBIM BOIPOCOM SIBIISIETCS CO3JaHHUE HOBBIX MOJEIBHBIX OMOKATaN3aTOPOB HA OCHOBE
MMOJMMEP-METALTTYECKNX KOMILIEKCOB.

[HogoOpansl MONIMMEP-METAUIMYECKUE KaTAIM3aTOPhl ISl Pa3oXKEeHUs NepoKcuaa Boxopona. MsyueHo
BIIMSIHUE TOJIMMEPMETAINIMYECKUX KOMIUIEKCOB Ha CKOPOCTh PA3NIOKEHMs MEPOKCHIA BOJIOPOIA, & TAKKE UTO
HOHBI JKEJIE3a CBA3BIBAIOTCA C IMOJIMMEPaAMU IIPpU 0oJiee HU3KHUX KOHIICHTpaUAX COJIM, [0 CPAaBHEHUIO C JPYTUMHU
MEPEXOJHBIMH METAIAMH M TIPOSIBIIIOT OOJBIIYIO KAaTaJUTHYECKYI0 aKTUBHOCTb B MOJCIBHOM pEaKLHu.
HccnenoBana yCTOWYMBOCTH MPU XPAaHEHHHM KOMIUIEKCOB M HMX 3(QEKTHBHOCTH B PEaKIMH Pa3IoKeHUs
MEPOKCH/IA BOJIOPO/IA.

KioueBbie cji0Ba: MOIUMEPMETAUINYECKAE KOMIUIEKCHI, OHOKATAIMTUYECKas] aKTUBHOCTb,
pasiioKEeHre EPOKCUAA BOAOPOAA, TUAPOTEIIH.
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CYTEI'T ACKbIH TOTbIFbBIHBIH HOJIMMEPJII-METAJI/IBIK KOMIVIEKCTEPMEH
bIIBIPAYBIHBIH MOAEJIBAIK PEAKIIUACHI

Anoamna

Tipi 3arTapAblH KbI3MET €Ty MNPHUHLMIITEPIH MEHrepy OJIapAbl KapamaibiM MOJEKYJaIbIK
YUBIMIACTHIPBUIFAH KYHENepie caHalbl TypAe MakjaaHy MyMKIiHAIriH Oepemi. byn kemreren
XUMHSIIBIK MOCEJIeNIep/Il IIelIyre apHajFaH OMOMHMETHKANBIK TOCUIAIH TaKbIphlObl. Erep OypbiH
OMOMUMETHKA «OpPraHUKAJBbIK XUMHUSHBIH MYMKIHIIKTEPIH apTThIpy Kypaibsl peTiHae TaOuru
peakiusiap MeH (EpMEHTTIK MPOLECTEepre eNiKTeyre ThIPhICAThIH OPraHUKaJIbIK XUMUSHBIH OIip
Oemiri» nemn TyciHince, Keiinipek Oyi1 OaFbIT alTapIIBIKTal KEHEH/II.

buomMeTHKaiblK XUMHUSHBIH MIHAETTEpl — OMOXUMMSUIIBIK MPOLIECTEPl MOJIEKYIAIbIK JAeHrele
MOJIENB/ICY KOHE AJIbIHFAH HOTHDKENIEPAl «CHHTETUKAIBIK» (hepMEHTTepAl («CUH3UMIAEP»), KONTereH
Kacuerrepi OoWbIHIIA TaOWFWAAH >KOFapbl (DepMEHTTopi3mi >KyHenmepnai aimy, jKacaHabl OTTEri
TachIMaJIIayIIbUIAPbIH KYPY, OMOJOTUSUIBIK 3aTTapFa HETI3JIereH >KaHa TEeXHOJIOTMSHBIH CHHTETHKA-
JBIK MaTepuajiapbl, KOopepMEHTTep/l MOJENbJey, HOHOpopiap, (OTOKOHBEPTTEY KYpbUIFbLIAPHI,
OTKI3TII MaTepuasiap.

MeramiohepMeHT TpUHIMITI OOMBIHIIA KYMBIC ICTEHTIH XKoHE oJlapFa OeJCEeHALTIK MeH acep eTy
CCIICKTUBTUIITT OOMBIHINA JKAKBIHIAWTHIH (GEpMEHTTEp MEH (QEepMEHTTIpPI3AI JKyHenep aJaaMHBIH
MPAKTUKAIBIK 1C-OPEKETIHIH OpTYpIi cajajapblHIa KOJIAHBUIAJBL TaMak, (apMaleBTHKa, TOKbIMA
OHEPKaCIOIH/IE, OPTYPil OMOTEXHONOTHUSIIBIK MpoLecTep/ie, (PepMEHTATUBTI aHATMTUKAJIBIK JKYHenepl
Kypy. OKiHIlIKE Opaif, HaTHBTI (epMEHTTEep/i KEHIHEH MNpPaKTUKAIBIK KOJJAHY OJIapbIH KypAeni
OH/IpPIC TEXHOJIOTUSAChIHA OAalJIaHBICTBI KUBIH, OYJ1 €H ajJbIMEH OJap/blH JaOWIBAUINIMEH >XOHE
OIpPTEKTI epiTiHIUIEpAE KONJaHYyAbIH S KOHOMUKAIIBIK TYPFbIIaH TUIMCI3IrIMEH OailIaHbICTHI.

byn xeMmmikrepai TachIMaiaylIbIMEH OpTYpJl TocuigepMmeH OaiiiaHbICKaH (epMeHTTepl
KOJIJIAaHY apKBUIBI )KEHYTe 00JIaibl, MBICAIIBI: UMMOOMITH3AIHs apKbUThl. COHBIMEH Kartap, pepMeHTTep-
JIH TOMEH KOJDKETIMJIUII, ocipece onapiblH Ta3a IpenaparTapbl, JaOWIBAUIIT >KOHE COHBIH
cajJjapblHaH SKCTpeMasIbl JKaFiaiaapia IIeKTeysl MHaijanaHy opTypii (epMeHTTepaiH OenceHi
OpTaJIBIKTAPbIH HMMUTALMSUIANTBIH aHAFYpJIbIM TYPaKThl YATIAEr] OHMOKaTATUTUKAIBIK SKyMenepal
KypyFa ajFbluapTTap skacaiiipl. OcbiFaH OaiyIaHbICTBl MOJMMEP-METAT KeIIeHIepl Heri3iHae *KaHa
yJrizeri Ouokatanu3aTopiapbl Kypy ©3eKTi Macese OOJIbI TaOblIabl.

Cyreri acKbIH TOTBHIFBIH BIJIBIPATY YIIIH NOJIMMEP-METAI KaTaau3aropiapbl Tanaaiasl. [Tomumep-
MeTaJll KeUIeHIEPiHIH CyTeri aCKbIH TOTHIFBIHBIH bUIBIPAY JKbUIJAMIBIFbIHA 9CEpl 3€PTTEN/Il, COHBIMEH
KaTap TeMip MOHIApbl OacKa ©TIeNl METaJapMEH CAJIBICTBIPFAHIa TOMEH TY3 KOHIIEHTpaLUsIChIHAA
ToJTUMEpIIepMeH  OaiTaHbICabl JKOHE MOCIBIIK PEaKIusiga YIKEH KaTATUTHKAIBIK OEJCeHIUTIK
kepceteni. Kemenaepai cakray Ke3iHZIETT TYPaKTBUIBIK KOHE OJIAPIbIH CYTErl acKblH TOTBHIFBIHBIH
BIIBIPAY PEAKIUSACHIHIAFBI THIMIIUTITT 3€PTTENI.

Tyilin ce3nep: moiaMMep-MeTal KeuleHzepl, OMOKAaTAINTHKAIBIK OENCeHNUTIK, CYTeri acKblH
TOTBIFBIHBIH BIIBIPAYBI, THIPOTEIbIEP.
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MODEL REACTION OF HYDROGEN PEROXIDE DECOMPOSITION BY
POLYMETAL COMPLEXES

Abstract

Mastering the principles of functioning of living things provides the opportunity to consciously use
them in simpler molecularly organized systems. This is the subject of the biomimetic approach to
solving many chemical problems. If previously biomimetics was understood as “a part of organic
chemistry that tries to imitate natural reactions and enzymatic processes as a means of increasing the
capabilities of organic chemistry,” then later this direction has expanded significantly.

The tasks of biomimetic chemistry are to model biochemical processes at the molecular level and
use the results to obtain “synthetic” enzymes (“synzymes”), enzyme-like systems that are superior to
natural ones in many properties, the creation of artificial oxygen carriers, synthetic materials of new
technology based on biological substances, modeling coenzymes, ionophores, photoconverting devices,
conductive materials. Enzymes and enzyme-like systems, working on the principle of metalloenzymes
and approaching them in activity and selectivity of action, are used in a variety of areas of practical
human activity: in the food, pharmaceutical, textile industries, in various biotechnological processes, in
the creation of enzymatic analytical systems. Unfortunately, the widespread practical use of native
enzymes is difficult due to their complex production technology, which is associated primarily with
their lability and economic impracticality for use in homogeneous solutions.

These disadvantages can be overcome by using enzymes bound to the carrier in various ways, €.g.
by immobilization. At the same time, the low availability of enzymes, especially their pure preparations,
lability and, as a result, limited use in extreme conditions, create the prerequisites for the creation of
more stable model biocatalytic systems that imitate the active centers of various enzymes. In this regard,
a pressing issue is the creation of new model biocatalysts based on polymer-metal complexes.

Polymer-metal catalysts have been selected for the decomposition of hydrogen peroxide. The
influence of polymer-metallic complexes on the rate of decomposition of hydrogen peroxide has been
studied, and also that iron ions bind to polymers at lower salt concentrations compared to other
transition metals and exhibit greater catalytic activity in the model reaction. The stability during storage
of the complexes and their effectiveness in the decomposition reaction of hydrogen peroxide were
studied.

Keywords: polymer-metal complexes, biocatalytic activity, hydrogen peroxide decomposition,
hydrogels.

Introduction. Enzyme modeling is one of the leading areas of research in the field of bioorganic
chemistry. The role of enzymes in the living organism is very huge. Promising areas of bioorganic
chemistry are the study of the structure of active centers, the mechanisms of operation of these centers,
but also exclusively the catalytic properties of enzymes. In this regard, the need for research is the
creation of enzyme-like systems that work on the principle of metalloenzymes and approach them in
activity and selectivity of action. The main patterns of diverse redox catalytic reactions are easiest to
establish by selecting and researching a suitable model. This model should have relative simplicity and,
at the same time, universality of the course of redox reactions by a wide variety of mechanisms. Almost
the only reaction that meets all these requirements is an oxidizer [1].

The decomposition of H,O, is a useful model reaction for studying various redox processes,
including enzymatic reactions. According to Kazarnovsky [2], homogeneous decomposition occurs in
purified aqueous solutions of H,O, through the following mechanism:
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HO < H +OH;
H,0, + OH < HO;™ + HzO,’OH_ +
HO, <> 0% + H,0;

0,2 + H,0,> 0 "~ +OH + OH;

‘OH + H202 —» H20O + HOZ‘;

0, " +H,0—HO ;+OH;

2ZHO " >HO +0.
2 2 2 2

Transition metal ions or their complex compounds can serve as catalysts for model systems. It is
well-established that transition metals are effective catalysts for redox processes, such as the
decomposition of H,O,. Polymer hydrogels with transition metal ions form complexes due to the
presence of ionic macroligands and donor functional groups [3]. The formation of the complex occurs
according to the ionic mechanism in the presence of negatively charged functional groups, according to
the donor-acceptor mechanism with amino groups supplying a lone pair of electrons to the free d-
orbitals of the metals. Researchers are showing great interest in studying such reactions, due to the
specific structure of such complexes, which is reflected in the uniqueness of their properties.
Experimental work in recent years has shown that metal ions play an essential role in a variety of
biological processes. This is a significant finding that highlights the importance of metal ions in
biological systems.

Materials and methods of research. The decomposition of hydrogen peroxide was carried out
using polymer-metal complexes based on natural and synthetic polymers with transition metal ions.
According to the method [5], the catalytic activity of these complexes was measured; the reaction was
carried out in a 0.1 M phosphate buffer solution at pH = 7.0.

The following materials were used in the work: GPEI, GPAK, various salts of transition metals of
chemically pure grade, without additional purification. Ferro- and potassium ferricyanide were also
used, recrystallized according to the method [6]. It

is important to note that when working with acidic solutions of K4[Fe(CN)6], it is necessary to
work under traction and wear rubber gloves. To dissolve 110 g of K4[Fe(CN)6]x3H,0 (technical), add
150 ml of water. The solution was evaporated until its density reached 1.2. Then, 0.1 g of activated
carbon was added, stirred, and left to settle for 10 minutes. Afterward, the crystals that formed during
the cooling of the filtrate were collected using a Buchner funnel, washed with 5 ml of water, and dried at
room temperature. The yield was 70-73 g (approximately 65%).

Recrystallized technical salt was used to obtain Salt K3[Fe(CN)6]. To do this, 130-135 g of
K3[Fe(CN)6] (tech.) was dissolved in 350 ml of water with stirring and heating no higher than 70°C.
The solution was then filtered and cooled, and the resulting crystals were collected on a

Buchner funnel, washed with a small amount of water, and dried at room temperature. The yield
was 50 g (37-38%). The yield can be increased to 80-90% by repeatedly recrystallizing the salt using
masterbatch solutions.

Polyacrylic acid gel (GPAA) was synthesized by radical polymerization of acrylic acid monomers
in the presence of N,N-methylene bisacrylamide in an aqueous medium at a temperature of 343 K. The
redox system (Na;S,03 and K;S,0s) was used as the initiator [7].

Polyethylenimine gel (GPEI) was synthesized following the method described in [8]. A 10%
solution of a previously obtained polymer in a dimethylformamide medium was used in the presence of
an epoxy crosslinking agent, epichlorohydrin, at a temperature of 338 K until gelation occurred. The
resulting cross-linked polymer was treated with a 0.1 M hydrochloric acid solution and repeatedly
washed with a large volume of water for two weeks.

Interpenetrating polymer meshes based on the natural polymer agar-agar and synthetic polymers —

144




Abaui amwvinoazvr Kas¥I1Y Xabapwwicel, «Kapamwviivicmany-eeoepagus viivimoapuly cepusicol, No4(78), 2023 orc.

polyacrylic acid, polyacrylamide, polyethylenimine, and hydrogels based on PAA with different
contents of sodium humate, synthesised in the physical chemistry laboratory, were also used.

Chemically pure (C.P.) grade sodium phosphates were used to prepare the buffer solutions. The
composition of the 0.1 M buffer solution at different pH values is given in Table 1. 0.025 n KMnO4
solution was prepared from fixanal (0.1 g -eq/l). Sulphuric acid, hydrochloric acid, phosphoric acid,
sodium chloride and hydrogen peroxide were as specified in “C.P.”

Table 1 — Composition of 0.1M phosphate buffer system

0,IM 0,IM
pH Na,HPO, NaH,PO, [Na']
(ml) (ml)

1 2 3 4
4775 0,0 100,0 0,1000
5,80 8,0 92,0 0,1080
6,0 12,3 87,7 0,1123
6,20 18,5 81,5 0,1185
6,40 26,5 73,5 0,1265
6,60 37,5 62,5 0,1375
6,80 49,0 51,0 0,1490
7,00 61,0 39,0 0,1610
7,20 72,0 28,0 0,1720
7,40 81,0 19,0 0,1810
4,60 87,0 13,0 0,1870
7,80 91,5 8,5 0,1915
8,00 94,7 53 0,1947
9,45 100,0 0 0,2000

Complexes of polymer hydrogels with transition metal ions were prepared by mixing hydrogels
pre-swollen in water with solutions of salts of various concentrations. Gel samples of equal weight (0.01
g) were filled with 10 ml of distilled water and kept for one day. Solutions of transition metal salts of a
certain concentration were then added to the swollen gel samples and allowed to stand for 2-4 hours
before the system reached equilibrium.

The results and their discussion.

To study the effect of solution pH on the rate of hydrogen peroxide decomposition, 20 mg of the
complex and 10 ml of 0.1 M phosphate buffer solution with different pH values from 3.5 to 9.0 were
added to a thermostated cell. Catalase activity was determined after 3 min. [9]

As a result of studying the dependence of catalase activity on the pH of the medium, a bell-shaped
dependence was obtained. This dependence is due to the following processes. Change in the
concentration of catalytically active centers due to the rearrangement of gel/Men+ complexes, as well as
the dissociation of hydrogen peroxide molecules (pKa = 11.6). The catalase activity of polymer
complexes is maximum at pH = 6.5-7.5, i.e. in the region where the functional groups involved in
complex formation are deprotonated. The observed decrease in the activity of the complex in the acidic
and alkaline regions is associated with pH-dependent conformational transitions associated with the
ionization of functional groups. The pH stability of the resulting polymer-metal complexes corresponds
to the pH stability of the soluble form of the enzyme (5.0 to 7.0).

The rate of decomposition of hydrogen peroxide by polymer catalysts has been studied. The Michaelis type
curves shown in Figures 1a, 2a, 3a are obtained, which are straightened in Lineweaver-Burke coordinates (Figures
1b, 2b, 3b).

After presenting the results of the dependence of Vo on [S]o on a graph with coordinates 1/Vo and 1/So, we
extended the obtained experimental line to the intersection with the ordinate axis and then the abscissa. This
allowed us to find the values of 1/Co along the segments cut off on the axes [E]o and -1/Co. The values of the
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constants 1/Co and 1/Co[E]o are shown in Table 1.
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Figure - Dependence of the rate of decomposition of hydrogen peroxide on the concentration of PV (a)
and the dependence of 1/Vo on 1/[PV] (b)
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Figure 2 - shows the relationship between the reaction rate and the concentration of PV (a), as well as the relationship
between 1/Vo and 1/[PV] (b).

a

e Gl bl

(o]
g
Iy "?\

147




Becmuux KazHITY um. Abas, cepus «Ecmecmeenno-eeocpagpuueckue naykuy, 4(78), 2023 a.

20 -

R TN

1k, [E],

1 I I I I I I I 1

4 6 8 10 12 14 16 18 20
1/[H, O]

1
="

1
e

1
I
= -
I =

6
1- FeCl3-TTIAK-D]1A, [Fe' ] =1x10"M, [911A]=1x10"M, pH 10,4, T =298 K
2- FeCls-IT-Ar-Ar-II9H, ,[Fe’ ]=5x107M, [PP]=1x10"M, pH 7,0, T=298 K
3- FeCl3-ITIDU-JIBCNa,[Fe’ 1=5x10"'M, [JIBCNa]=3x10"M, pH 7,0, T=298 K
4- FeCl3-ITAK-T'TIDU, [Fe* ]=5x10"M, [TTAK] = 1x10°M, pH 7,0, T =298 K

Figure 3 - shows the relationship between the reaction rate and the concentration of PV (a),
as well as the relationship between 1/Vo and 1/[PV] (b).

Table 2 — Constants 1/Co and 1/Co[E]o 1/Ky and 1/Ko[E]

Catalysts 1/Ko, M 1/Ko[E]o, ¢’
[TIDU-K4Fe(CN), 0,25 3,3x10"
[TID1-K3Fe(CN), 0,16 3,3x10"
['TIPU-FeCl3 0,4 4,0x10°*
[TIAK- FeCl3 0,26 4,0x10°*
Ar-Ar-ITAK-FeCl, 0,35 0,7x10"
Ar-Ar-TIDU-FeCl, 0,65 0,5x10"
[TIAA-T'Na-FeCl, 0,55 1,0x10°*
FeClI3-[TAK-TTIDU 0,36 0,25x10"
FeCI3-TTIAK-DJIA 0,16 0,24x10*
FeCl13-TTIPU-JIBCNa 0,25 0,33x10*
FeCl3-IT1-Ar-Ar-IT1DU 0,19 0,26x10"
Catalaze (—ol form) 1,1 7x10’
Catalaze (—[3 form) 1,1 3x10°

The rate constant for the decomposition of hydrogen peroxide by polymer-metal catalysts is
significantly lower compared to catalase. Despite this research result, model polymer-metal complexes
exhibit sufficient catalase activity, which proves the possibility of using these systems as biocatalysts. It
should be noted that the resulting complexes are stable during long-term storage, and the native enzyme
loses activity very quickly. It is possible that the mechanism of activation of the decomposition of
hydrogen peroxide in the studied complexes is similar to the mechanism of the catalase reaction
according to the scheme [10]:

E +H,0, — [E - OOH] — [E - (HO,) - H,0,] » E+H,0+ 0,
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Thus, some features are characteristic of model polymer catalysts, including properties such as the
pre-activation of hydrogen peroxide molecules in the reaction zone, and possibly the interaction
between the active centres themselves. Of all the systems studied, the FeCl3-Ag-Ag- PEI and CuCl2-
Ag-Ag-PEI systems have the highest catalase activity and stability. The difference between the enzyme
catalase and its models is explained by the different spatial structure of the molecule.

Conclusion. The main polymer-metal complexes that can be used as models of biocatalysts have
been selected. Complexes based on polymer hydrogels with transition metal ions, as well as semi-
interpenetrating networks with transition metal ions, which exhibit catalase activity during the
decomposition of hydrogen peroxide, have been obtained. The formation and activity of complexes
depends on the nature of both the metal and the polymer. The presence of a natural polymer ensures
“tuning” of the catalyst to the substrate.

As a result of studying the reaction rate of hydrogen peroxide decomposition by polymer-metal
complexes, it was revealed that iron ions bind to polymers at lower salt concentrations compared to
other transition metals and exhibit greater catalytic activity in the hydrogen peroxide decomposition
reaction. To achieve maximum activity of the complexes in the decomposition of hydrogen peroxide,
the following conditions are necessary: neutral pH of the solution, low salt concentration in the
complex, the presence of an amine-containing component, a natural polymer, and the concentration of
hydrogen peroxide.
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