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The antioxidant properties of heterocyclic metal complexes based on the derivatives of benzo-
thiazole, isoxazole, and antipyrine were examined in the article. The ability to inhibit the oxida-
tion of a heterocycle containing a fragment of thiobarbituric acid and a 4-nuclear metal chelate
was studied. The results of the analysis of the particle sizes of the complexes using atomic force
microscopy are given here. The inhibitory properties were studied by autoxidation of hydrocar-
bons (n-decane, n-dodecane) and benzyl alcohol. Among the metal complexes based on isoxazole
derivatives, the metal chelate based on La, which almost completely inhibits the oxidation of
benzyl alcohol, was the most effective. The copper complex based on benzothiazole was shown
to reduce the oxidation rate of n-dodecane, while the Co metal complex accelerates its oxida-
tion. Cu and Ni metal chelates based on antipyrine, a copper complex based on a benzothiazole
and isoxazole derivative, and a sulfur-containing heterocycle with a thiocarbonyl fragment were
found to be effective inhibitors of benzyl alcohol autoxidation. Increasing the number of metal
atoms, which are prone to one-electron transformations in the central core of the complex to 4
(in our case, by introducing the Mn,Ni, group) also contributes to antioxidant activity during the
autoxidation of benzyl alcohol and n-decane.

Keywords: heterocycles, metal complexes, atomic force microscopy, nanoparticles, autoxi-
dation, benzyl alcohol, n-decane, n-dodecane.

T'erepouukitivuni iHriGiTopu aBTOOKHNCHEHHA ByriieBoaHiB Ta ciupTtii. O.B.I1asniok,
M.M.Bapar, €.B.Illesyovio, FO.I. Bozomonos.

YV  crarri  DOCHIIIKEHO — AHTUOKCHUIAHTHI  BJIACTUBOCTI  T'eTEPOIMKJIYHUX
MeTaJIOKOMIIJIEKCIB Ha OCHOBI HOXITHHX 0OeH30Tiasosy, 130Kcas3oJly, aHTUOUPiHY. BuBueHa
3aTHICTH JI0 1HIOYBAHHS OKMCHEHHS TeTepOIUKITY, KUY MICTATH )parMeHT Ti06apOiTypoBol
KHCJIOTH, Ta 4-X siiepHOro Metasoxesiaty. HaBegeHo pe3yabraTu aHasi3y po3MipiB YaCTHHOK
KOMILJIEKCIB 34 JIOIIOMOI'0OK) aTOMHOI CHJIOBOI MIKpockomii. IHriGITOpHI BJIACTHBOCTI BHBYEHI
IIIJISIXOM aBTOOKUCHEHHS BYTJIEBOJHIB (H-IeKaH, H-0/IeKaH) Ta OberausoBoro cuupty. Cepes me-
TaJIOKOMILJIEKCIB Ha OCHOBI ITOX1JHHUX 130KCa30/1y HAMO1/IbII e(DeKTUBHUM BUSBUBCSA METAJI0XEJIAT
Ha ocHOBI La, AxMil MPaKTUYHO MOBHICTIO 1HI0ye OKMCHEHHSA OeH3UI0Boro cruupry. Ilokasano,
1110 MiOHUHM KOMILIEKC Ha OCHOBI 0€H30T1a30JIy 3MEHIIye IIBUIKICTh OKMCHEHHS H-I0OeKaHy, TOI1
sk meTtasiokomiuieke Co nmpumBuainye foro okucHenus. Jlocmigkeno, mo meramoxemaru Cu ta
Ni Ha ocHOB1 aHTUIHPIHY, MITHUHA KOMILIEKC HA OCHOBI IIOXIJTHOI0 OEH30TIa30JIy Ta 130KCa30JIy
1 CIpKOBMICTOBHUHM TeTEPOIMKJII 13 TIOKAPOOHLIBHUM (PPAarMeHTOM SABJISIOTHCT e(EeKTUBHUMU
1Hri0iTOPAaMU ABTOOKWMCHEHHSI OEH3WJIOBOTO CHHUPTY. 301JIBINEHHS KIJIBKOCTI aTOMIB MeTaJy,
AK]l CXWJIBbHI JI0 OTHOEJIEKTPOHHUX II€PEeTBOPEHb, Y IEHTPAJBHOMY SApi KOMILIEKCY 10 4-x (y
HAIIOMY BHIAAKY BBedeHHAM rpymnu Mn,yNiy) Takox crpusde aHTHOKCUIAHTHIN aKTHBHOCTI IIPH
aBTOOKMCHEHH] 0EeH3UJIOBOTO CIIUPTY TA H-JEKaHY.
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1. Introduction

Coordination chemistry studies a wide
range of important scientific areas, starting
from biological to current problems in the field
of materials science. On its basis, significant
advances have been made in the field of bio-
and organometallic chemistry, catalysis, the
creation of new modern materials: ferromag-
netics, liquid crystalline and supramolecular
structures, biomimetics, promising compounds
with nonlinear optical properties for photon-
ics, molecular electronics, etc. To study coor-
dination compounds, not only theoretical (field
theory of ligands, crystals), but also semi-em-
pirical and quantum chemical approaches are
used. Compounds that are capable of forming
bi- and polynuclear homo- and heterometallic
complexes include the Schiff bases that are the
most common representatives of azomethine
ligands. Biomimetic models of metallopro-
teins, catalysts, luminophores, liquid crystal-
line polymer and supramolecular structures
have been developed on their base. The direc-
tion of constructing monomolecular structures
(molecular design) forms the basis of modern
research in the field of chemistry of metal com-
plexes of azomethines and their analogues of
cyclic structures [1-4]. Molecules containing
azomethine groups in their structure have high
complexing ability and can be used as thermal
oxidation stabilizers [5]. The intensive develop-
ment of applied aspects of the chemistry of met-
al complex inhibitors, along with the study of
the patterns of oxidation of organic substrates,
has stimulated interest in the study of the ki-
netics and mechanism of the inhibitory ability
of metal complexes [6].

Among the many types of azomethine li-
gands and metal complexes, heteroligand, di-
and polynuclear chelates, as well as heterocyclic
metal complexes, the antioxidant properties of
which have not been sufficiently studied, are of
interest. The synthesis and structure of metal
complexes of Zn, Cu, Co, Cd, Ni with ligands
based on azomethine derivatives of mono- and
bistiadiazoles has been described in [7-9].

Magnetic, thermal and electronic charac-
teristics were studied. These compounds have
not been studied as oxidation inhibitors. The
macrocyclic Schiff bases were obtained, and di-
, tri- and tetranuclear metal complexes were
synthesized on their base [10, 11].

Binuclear copper complexes based on diac-
ylhydrazones of formyl derivatives of pyrazole
were synthesized and studied [12]. The hyper-
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fine structure of EPR spectra and the nature
of weak exchange interactions between para-
magnetic centers have been studied. It should
be noted that di- and polynuclear complexes
have not been studied in terms of inhibition of
oxidative processes. A similar situation is ob-
served with metal complexes based on ligands
of asymmetric structure. The introduction of
additional neutral molecules or ligands of dif-
ferent structures into the coordination sphere
of the central ion makes it possible to modify
their solubility, luminescent properties, etc.
Mixed-ligand metal complexes were obtained
to study magnetic or catalytic properties. Met-
al complexes of macrocyclic Schiff bases with
an asymmetric structure were obtained [13].
Mixed-ligand complexation affects the thermal
and luminescent properties of the complexes in
solutions [14]. The combination of such differ-
ent ligands as [N — (salicylidene)sulfobenzam
ide] and 1,10 — phenanthroline in metal com-
plexes leads to increased thermal stability and
biological activity [15]. Azomethine metal com-
plexes containing the fragments of sulfoben-
zamide, pyridine and pyrimidine were synthe-
sized to study their antimicrobial activity. Sim-
ilar metal complexes were synthesized using
Schiff bases with fragments of sulfamerisine,
sulfamethoxazole and sulfabenzamide deriva-
tives of pyridine and pyrimidine [16-19]. Vari-
ous complexes of Cu, Ni, Co, Zn, Sm, Mn, VO
were obtained. They have been tested as anti-
microbial and antibacterial agents. The proper-
ties of metal complexes based on Schiff bases
with thiophene-hydrazide fragments have been
studied in [20]. Spectral and magnetic char-
acteristics, conductivity in dimethylsulfoxide,
antibacterial and antifungistatic indicators are
given here. When heated to a temperature of
600 °C, metal complexes turned out to form the
corresponding oxides MnO, CoO, NiO, ZnO in
the form of nanoparticles. Tridentate azome-
thine compounds obtained by condensation of
2-tosylaminobenzaldehydes with 2-butylami-
no-5-nitroaniline, served as the basis for the
preparation of Zn and Pd metal complexes con-
taining azomethine and benzimidazole ligands
in one molecule. Differences in the coordina-
tion of azomethine and benzimidazole ligands
in such a heterocyclic system were established.
It was concluded that the complex is addition-
ally stabilized both due to stacking interactions
between the azomethine and benzimidazole
ligands and between the benzimidazole frag-
ments themselves [21]. The work [22] describes
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metal complexes of Co, Cu, Ni based on azome-
thine derivatives of 5-nitrofuran-2-amidrazone,
which are superior in biological activity to Fu-
ratsilin drug. The possibility of forming of metal
complexes of transition metals with Schiff bas-
es on the basis of heterocycles of iminoxyl radi-
cals has been studied [23-24]. Strong complex
formation of these ligands with various metals
Fe, Co, Ni, Cu, etc. was discovered. The mag-
netic properties of such metal complexes were
studied and complexes with paramagnetic and
diamagnetic properties were discovered. Poly-
mer Schiff bases and metal complexes based
on them are of interest. Polyazomethines with
fragments capable of photoisomerization, with
electrically conducting thiophene inclusions,
with benzoxazole derivatives as liquid crystal
systems for nonlinear optics, as well as with in-
clusions of carbazole, furan, pyridine, and thia-
zole have been synthesized [25].

Recently, numerous studies have been car-
ried out on magnetically active metal complex-
es with Schiff bases. New synthetic approaches
to modeling azomethine ligands were applied
and the magnetic characteristics of chelates
were shown to depend on the electronic con-
figuration and a variety of “metal-complexing
agent” combinations [26]. New approaches to
the development of ferromagnetics have been
proposed, which consist in the synthesis of bi-
nuclear azomethine metal complexes by vary-
ing the fine structure of the ligand system [27].
This change in coordination sites leads to two
types of magnetically anomalous structures:
antiferro- and ferromagnetic coordination com-
pounds.

The synthesis of Schiff bases based on thia-
diazole derivatives and metal complexes of Cu,
Co, and Zn is presented in [28]. It is notewor-
thy that these metal complexes are inhibitors
of the formation of superoxide anion radical
O,", moreover, more effective than superoxide
dismutase. At the end of the inhibition cycle,
regeneration of the original valence form of the
central atom occurs with simultaneous dispro-
portionation of the radical anion with the forma-
tion of hydrogen peroxide. Thus, these complex-
es catalytically (many times) participate in the
inhibition of the superoxide anion radical O,".

The authors [29] studied the mechanism of
inhibition of liquid-phase oxidation of hydro-
carbons in the presence of sulfur-containing
heterocyclic metal complexes of Ni, Co, Cu, Zn,
Ag, for example, thiooxinates, derivatives of
thiopicolinic acid, and have come to the conclu-
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sion that the transfer of an electron from the
complex to the peroxide radical is decisive fac-
tor in the termination of oxidation chains and
E, decreases with increasing inhibitory activ-
ity. When studying the antioxidant properties
of metal complexes with sulfur-containing li-
gands based on benzothiazole and pyridine,
the concentration dependence of the direction
of the reaction was established. At low concen-
trations, the complexes initiate oxidation, and
at concentrations above critical they terminate
the oxidation chains [30].The antioxidant activ-
ity of sulfolane-containing metal complexes, in
particular, carboxylates, dithiocarbamates, and
azomethines as high-temperature additives for
oils, has been studied in detail [31]. Greater
activity has been noted for additives contain-
ing fragments of N and S atoms in the coordi-
nation sphere. Complex compounds of Cu and
tetrazole-containing Schiff bases were synthe-
sized and studied [32]. These compounds are
of interest because they contain several donor
centers, which open up new opportunities for
developing promising materials based on them.
These metal complexes have not been studied
as oxidation inhibitors.

The cited literature sources indicate that sig-
nificant progress has been made in the synthe-
sis of heterocyclic metal complexes. Basically,
the structure, luminescent, magnetic, biologi-
cal properties were studied; quantum chemical
modeling of the structure, etc. was carried out.
However, it should be noted that these bi- and
polynuclear metal complexes as inhibitors of
the oxidative processes of organic compounds
has not been practically studied.

The purpose of the work is to synthesize
heterocyclic compounds, metal complexes and
study the possibility of their use in a new func-
tional application, namely, as inhibitors of the
autoxidation of hydrocarbons and alcohols.

2. Experimental

We have synthesized metal complexes of Cu,
La, Co, Nibased on heterocyclic Schiff bases (de-
rivatives of 6-methylbenzothiazole, isoxazole,
antipyrine). In addition, the following were
studied: a thiobarbiturate-based heterocycle
and a 4-nuclear metal complex (to compare the
inhibitory ability) in the autoxidation reaction
of hydrocarbons (n-decane, n-dodecane) and
benzyl alcohol.

The original Schiff bases were prepared
by reacting salicylic aldehyde with the corre-
sponding amines in boiling ethyl alcohol. Metal
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Fig.1 - Structural formulae of synthesized compounds (1-4)

complexes were synthesized in one step by the
reaction of metal salts with Schiff bases [33].
The amine required for the synthesis of Schiff
bases and metal complexes Cu-Iso and La-Iso
was synthesized according to [34].

The reaction was carried out in ethyl alco-
hol in the presence of sodium hydroxide, or by
direct interaction of Schiff bases with metal ac-
etates. Molar ratio of the Schiff bases to metal
salt is 2:1. The structural formulae of the syn-
thesized compounds are below.

The following model compounds were used
to study the inhibitory ability, namely benzyl
alcohol, which is widely used as a solvent in
perfumery, pharmaceuticals, cosmetics, as well
as n-decane and n-dodecane, which are pres-
ent in a mixture of hydrocarbons in diesel fuel.
To study the surface topography and estimate
particle sizes, a sample suspension (~4 mg) was
prepared in 5 ml of ethyl alcohol. It was applied
to quartz glass and then heated at 50°C to con-
stant weight. The sample area was scanned
with a CSC 37 probe of an NT-206 atomic force
microscope (Microtestmachines, Gomel, Repub-
lic of Belarus). The rigidity of the console is 0.3-
0.6 N/m, the scanning speed in the X-Y plane is
up to 10 um/s, scanning step is 0.3 nm.

The method of determining thermal-oxida-
tive stability in a liquid substrate is to continu-
ously introduce air into a certain volume of the
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substrate at a given temperature, with or with-
out a catalyst. Selected model substances, both
pure and with the addition of metal complexes,
were placed in a flow-type metal reactor and
continuously oxidized in an air flow at a speed
of 10 I/h at a temperature of 150 °C (n-decane,
n-dodecane) and 100 °C (benzyl alcohol ). The
addition of metal complexes in all cases was
0.1 wt. %. The sample volume is 25 cm3. The
total oxidation time is 3 hours. To determine
the rate of autoxidation of the initial substrate
over time, every 30 minutes, test samples were
taken for gas chromatographic analysis. An Ag-
ilent Technologies 7890A chromatograph with
a flame ionization detector using a quartz cap-
illary column 25 m long and with an internal
diameter of 0.320 mm, filled with stationary
phase HP-5 (phenyl — 5 wt. %, methylpolysilox-
ane — 95 wt. %) was used in temperature pro-
gramming mode from 40 to 250 °C at a speed
of 5 °C/min.

3. Results and discussion

Figure 2 shows 2D images of surfaces
formed by nanoparticles of Cu-Iso, Cu-Het and
S-1 samples. After preparing the appropriate
sections and analyzing the profiles, it was es-
tablished that the surface relief shown in Fig.
la is formed by particles of the Cu-Iso metal
complex from 4.4 to 7.5 nm. Particles of Cu-Het

Functional materials, 31, 1, 2024
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Fig.2 - 2D-images of surfaces formed by nanoparticles of metal complexes: Cu-Iso (a), Cu-Het (b), S-1 (c)

metal complex (Fig. 1b) and the sulfur-contain-
ing heterocycle S-1 (Fig. 1c) have slightly larger
sizes: from 17.7 to 27.6 nm and from 15.3 to
24.2 nm, respectively. Particles of the S-1 het-
erocycle form even small chain aggregates in
the form of a necklace.

It follows from these data that the particle
sizes of the complexes are in the nanorange. Ac-
cording to [35], when the particle size decreases
from 103 to 10 nm, the fraction of interfaces in-
creases significantly from 0.3 to 30 wt. %. This
indicates that in oxidation reactions the active
surface of these nanoparticles will be signifi-
cant, which contributes to effective inhibition.

According to the literature, the autoxidation
reaction of organic compounds proceeds by a
radical chain mechanism. Under the influence
of elevated temperature, molecular oxygen in-
teracts with the weakest bonds of the substrate
with the formation of free radicals: alkyl R”,
peroxyl ROO" and unstable intermediate com-
pounds — hydroperoxides [36]:

R'+0,>R-0-0 1)

R-0-0"+R-H->R-0-0-H+R" (2

Inhibitors break oxidation chains at the
peroxyloralkylradical,andalkylhydroperoxides
with the ROOH structure are the main sources
of the formation of oxygen-containing oxidation
products of organic compounds — aldehydes, al-
cohols, ketones, acids etc. [36, 37]. The carriers
of oxidation chains, when oxidizing n-dodecane,
are the radicals C4,Hy5" and Cy,Hy5-0-0".

The addition of the synthesized Me-complex
Cu-Het to a non-polar medium - n-dodecane,
chosen as a model of hydrocarbon fuel, inhib-
its oxidation processes; this is confirmed by
the results of gas chromatographic analysis
(Fig. 3a).

Fig. 3a shows that at the first stage of au-
toxidation (first 30 min), due to the insufficient
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concentration of oxidation chain carriers, oxida-
tion products accumulate slowly and do not de-
pend on the presence of the Cu-Het metal com-
plex additive in the substrate. With an increase
in the concentration of R* and ROO" radicals
with time, the content of autoxidation prod-
ucts increases; however, the addition of a metal
complex inhibits this process by breaking the
oxidation chains. The rate of n-dodecane oxida-
tion in the presence of Cu-Het is almost half
that of the original commercial n-dodecane.

Comparison of autoxidation of n-dodecane
with the addition of 0.1 wt. % of the Co-Het
complex (Fig. 3b) and the autoxidation of n-
dodecane in the presence of Cu-Het indicates
that the addition of the Cu-Het metal complex
reduces the rate of oxidation of pure n-dodec-
ane. The Co-Het metal complex, unlike Cu-Het,
accelerates the oxidation of n-dodecane. After
three hours of oxidation, the n-dodecane con-
tent decreased to 85.61 wt. %, whereas in the
presence of Cu-Het, the n-dodecane content af-
ter oxidation was 91.86 wt. %.

The autoxidation reaction of alcohols, like
hydrocarbons, proceeds by a radical chain
mechanism. The most sensitive to oxidation
in alcohols is the C-H bond of the carbon atom
to which the hydroxyl group is attached. The
carriers of benzyl alcohol oxidation chains are
oxybenzyl and oxybenzylperoxyl radicals. The
results of studying the influence of synthesized
additives on the oxidation of benzyl alcohol, as
a model of alcohol fuel, are shown in Fig. 3¢, d.
Gas chromatographic analysis of the autoxida-
tion products of benzyl alcohol in an air flow
established that the only autoxidation product
of benzyl alcohol is benzaldehyde.

The data shown in Fig. 3c indicate that both
metal complexes inhibit the oxidation of ben-
zyl alcohol. In this case, the La-Iso complex is
more effective and completely suppresses oxi-
dation. During autoxidation from 0.16 to 0.17
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Fig. 3 - Concentration dependences of components on autoxidation time: a — change in the concentration
of n-dodecane (I) and accumulation of the sum of its autoxidation products (IT) with time: 1 — commercial
n-dodecane; 2 — commercial n-dodecane with the addition of 0.1 wt.% Cu-Het metal complex; b — change in
n-dodecane concentration with time without additives and with the addition of 0.1 wt. % metal complexes;
¢ — change in the concentration of benzyl alcohol in the reaction mass depending on the time of autoxida-
tion with the addition of 0.1 wt. % metal complexes; d — change in the concentration of benzyl alcohol (I)
and benzaldehyde (II) in the reaction mass on the time of autoxidation: 1 — pure benzyl alcohol; 2-benzyl
alcohol with the addition of 0.1 wt. % Cu-Het metal complex

wt. % in the presence of the Cu-Iso additive,
the benzaldehyde content changes from 0.22
to 0.38 wt. %. Without additives, the benzal-
dehyde content increases by almost an order of
magnitude (from 0.21 to 2.1 wt. %) under the
same conditions of benzyl alcohol oxidizing.

The Cu-Het metal complex based on benzo-
thiazole turned out to be similar in effective-
ness, which also almost completely inhibits the
autoxidation of benzyl alcohol (Fig. 3d).

As it can be seen from Fig. 3d, the concen-
tration of the main component in the original
benzyl alcohol drops sharply with oxidation
time. At the same time, the amount of benzal-
dehyde increases. The addition of 0.1 wt. % Cu-
Het metal complex to the initial alcohol does
not simply reduce the rate of accumulation of
oxidation products, as is the case with the non-
polar substrate — n-dodecane, but completely
inhibits the process of alcohol oxidation under
these experimental conditions. The difference
in the inhibitory ability of the synthesized met-
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al complex in nonpolar (n-dodecane) and polar
(benzyl alcohol) media can be explained by the
presence of the radical C;H;CHOHOO" of a
hydroxyl group in the a-position to the peroxyl
group. This hydroxyl group stabilizes the car-
bocation formed during the interaction of the
peroxyl radical with the chain-terminating oxi-
dation metal complex [38, 39].

Fig. 4a,b shows the dependences of the con-
tent of benzyl alcohol and benzaldehyde in the
reaction mixture on the time of autoxidation in
the presence of metal complexes Cu-Ant, Ni-Ant
and heterocycle S-1.

Under these conditions of benzyl alcohol au-
toxidation, the introduction of Cu-Ant and Ni-
Ant metal complexes leads to almost complete
inhibition of the oxidation process. In the pres-
ence of the Cu-Ant complex, the benzaldehyde
content varies from 0.074 to 0.11 wt. %. The
Ni-Ant complex is somewhat more efficient, in
which the benzaldehyde content during oxida-
tion varies from 0.067 to 0.075 wt. %.

Functional materials, 31, 1, 2024
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the addition of 0.1 wt. % tetranuclear complex depending on the oxidation time

Among oxidation inhibitors, an important
place is occupied by sulfur-containing com-
pounds — mercapto derivatives, di- and poly-
sulfides, sulfonic acids, which can decompose
hydroperoxides without the formation of free
radicals. Sulfur-containing heterocycles and
their complexes with metals can be classified
into a separate class, since they, along with
antioxidant properties, exhibit anti-wear and
anti-corrosion ones. It has been noted that con-
densed heterocyclic systems, for example, tri-
azolothiazole, triazinotriazole, as well as thia-
zolidine and thiazolone derivatives, have high
antioxidant properties [40]. It has been shown
that sulfur-containing compounds catalytically
(many times) participate in the decomposition
of hydroperoxides [41]. Some of the sulfur-con-
taining compounds described in the literature
contain a thiocarbonyl group similar to that
found in the structure of the S-1 compound [40].
In the S—1 heterocycle, sulfur is included in the
structure of the thiobarbituric acid derivative.
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It was of interest to find out whether this com-
pound would exhibit antioxidant activity under
conditions of autoxidation of benzyl alcohol.
Fig. 4b shows the dependence of the content of
benzyl alcohol and benzaldehyde on the autoxi-
dation time at 100 °C. The data presented in-
dicate that the introduction of the S-1 additive
into benzyl alcohol inhibits oxidative processes
compared to pure benzyl alcohol. In this case,
the benzaldehyde content in the reaction mass
is 0.32 wt. % after 3 hours of oxidation, which
is ~ 8 times less than during oxidation without
the additive.

Fig. 5 shows the dependence of the content
of benzyl alcohol and n-decane in the reaction
mass on the autoxidation time without an ad-
ditive and with the addition of 0.1 wt. % tetra-
nuclear complex. The latter was synthesized by
reacting a ligand based on 1-hydroxy-2-amino-
butanol and salicylic aldehyde with nickel and
manganese salts. Thus, there are two nickel
atoms and two manganese atoms coordinated
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with the ligand in this metal complex. Data of
Fig. 5 indicate that the introduction of up to 4
(in our case) metal atoms capable of one-elec-
tron transformations into the central core of
the complex effectively inhibits the autoxida-
tion process in a medium of benzyl alcohol and
n-decane.

Thus, the addition of the synthesized Cu-
Het metal complex both to a non-polar medium
—n-dodecane chosen as a model of hydrocarbon
fuel, and to a polar medium — benzyl alcohol,
which models alcohol fuel, inhibits oxidation
processes. However, if in a hydrocarbon me-
dium the addition of the Cu-Het metal complex
can inhibit oxidation processes, then in a po-
lar medium it completely eliminates them. The
lanthanum metal complex La-Iso acts in a simi-
lar way: it effectively suppresses the oxidation
of benzyl alcohol. The addition of Cu-Ant and
Ni-Ant metal complexes also leads to complete
inhibition of the autoxidation process of benzyl
alcohol.

The data presented indicate the effective-
ness of using the synthesized compounds in a
new functional direction - as inhibitors of the
autoxidation processes of aromatic alcohols
and hydrocarbons.

4. Conclusion

1. Possible particle sizes of metal complex-
es are in the nanorange (from 4.4 to 24.2 nm),
which was determined by atomic force micros-
copy.

2. The effect of adding synthesized hetero-
cycles and metal complexes at a concentration
of 0.1 wt % on the autoxidation of non-polar (n-
decane, n-dodecane) and polar (benzyl alcohol)
substrates simulating hydrocarbon and alcohol
fuels was studied. Metal complexes Cu-Iso and
La-Iso, as well as antipyrine-based Cu and Ni
metal complexes, Cu-Het metal complex and
S-1 heterocycle inhibit the oxidation of benzyl
alcohol. However, La-Iso metal chelates and
antipyrine-based Cu and Ni metal chelates are
more effective and almost completely suppress
oxidation.

3. It has been established that during the n-
dodecane autoxidation, the introduction of the
Cu-Het metal complex helps to slow down the
process compared to the autoxidation of pure
n-dodecane, reducing the oxidation rate. In
contrast, the Co-Het metal complex accelerates
the oxidation of n-dodecane.
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4. The tetranuclear metal complex is more
effective in the autoxidation of benzyl alcohol
than in the oxidation of n-decane.
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