DOI: 10.6060/ivkkt.20256802.7129
VIIK: 544.653.2/.3

SJEKTPOXUMUYECKOE IMOBEJEHUE U AKTUBHOCTb COJIEM
ME30 - TETPAKUC(1'-METWI-TIUPUI-4- U 3-UJDHITIOPPUHA U KOMIIJIEKCOB KOBAJIbTA

H.M. bepe3una, M.U. ba3zanos, I'.P. bepe3una, T.B. JIlooumoBa, A.C. Cemelikun

Hapexna Muxaitnosna bepesuna (ORCID 0000-0003-1784-7091)*, Muxaun MeanoBuu bazanos (ORCID
0000-0003-0425-2021), I'anuna PynonsdorHa bepesuna (ORCID 0009-0005-6897-3137), Anekcanap CraHu-
cnaBoBu4 CeMeHKUH

Kadenpa ananutuueckoit xuMuu, Kadeapa OpraHuuecKod XUMMHUM U Kadeapa TEXHOIOTMH TOHKOTO OpraHuye-
CKOI'o0 CUHTE3a, HBanoBckui FOCYI[apCTBeHHLIﬁ XHUMHKO-TEXHOJIOTHUECKUU YHUBEPCUTCET, IIP. mepeMeTeBCKHﬁ,
7, Usanoso, Poccuiickas @enepanus, 153000

E-mail: sky_berezina@rambler.ru*

Tarbsna Bragumuposaa JIro6umosa (ORCID 0000-0001-9777-6195)

Kadenpa opranndeckoit xumun, ViBaHOBCKHI TOCYIapCTBEHHBIH XUMHUKO-TEXHOJIOTUYECKUN YHUBEPCUTET,
np. HlepemereBckuii, 7, UBanoBo, Poccuiickas ®eneparnus, 153000

WuctutyT xumun pactBopoB PAH nm. I'.A. KpectoBa, Axanemuueckas yi., 1, UBanoBo, Poccuiickas denepa-
mus, 153045

Cunme3upoeansvl u 0xXapaxKmepu3zoeansvt pacmeopumvle 6 eooe coau 5,10,15,20-mempa-
kuc(1’-memun-nupuo-4- u -3-un)nopgpun mempamosunamot [Hy(1’-memun-Py-4- u -3).P (TS)s/ u
mempauoouovt [Ho(1’-memun-Py-4- u -3)4P (1)4], 5,10,15,20-mempaxuc(1’-memun-nupuo-4- u -
3-un)nopgupunam xkooarema mempamosunam [Co-mempaxuc(1’-memun-Py-3)4P (TS)s], omau-
yarowueca uzomepueil YYHKYUoOHAIbHO20 Me30-3AMeCUmensi MoaAeKyabl NOPHUPUHOE U NPUPO-
oout npomusouona (I', TS). IIposedensvl 3nexmpoxumuueckue uccie006anus u noiyueHvl OaHHble
0 pedoKc-nogedenuu, IPhphekmueHocmu UCnoIb306AHUA ROPHUPUHOGHIX COCOUHEHUTI 8 PeaKyUU
INEeKMPOBOCCMAHOBICHUA MOSEKYIAPHOZ0 KUCAOpoOa. Memooom WUKIUYECKOU 80AbMAaMnepo-
Mempuu yCmaHoe1eHo, Ymo 6 cpede ap2ona 01 JUZaHO08 HAdII00armcsa 0ée cmaouu npoyecca
UX 3J1eKMPOGOCCMAHO8NEHUA, 011 MEMAIOKOMNIIEKCO8 3aA)UKCUPosansl 0ONOJIHUmMeENbHblE ne-
DPexoovl: 00UH npoyecc INEeKmpo8oCCMAHOEAEHUL MAKPOYUKIA 6 0O1acmu nomenyuanos -0,78 ...
-1,36 B, u npouecc oxucnenusn (eoccmamnosnenus) Co* —Co™, noxanuzoeannsiii na amome me-
manna npu Ecqiox= 0,19 B. N-3ameuienue nupuounvHozo gpazmenma nophupunos npusooum K
HEKOmMOopoMy yeeudenuIo Ux 60CCMAaAHO8UMEeNbHOI CROCOOHOCMU, NO CPABHEHUIO C He3AMel|eH-
noimu mempanupuounnopgpupunamu [Ho(Py-4- u -3)4P]. Ouenena 603mox3cHocms npumenenus
PaAcmeopumsix 6 600e HOPPUPUHOE & INeKMPOKAMAIU3Ee PeaKUUU 60CCHAHOGIEHUA MOJICKYIAD-
Hozo Kucnopooa. llokazano, umo npupooa KAMUOHA MEMANNA OKA3bIGACH CYULECMBEHHOE 81U~
HUe Ha INeKMPOKAMATIUMUYECKYI0 AKMUBHOCHb COCOUHEHUI 68 PeAKUUU UOHUAUUL MOJIeKYAD-
HO020 KUCII0P00a 8 600HO-uie104H0oM pacmeope. Akmusnocmy komnaekcoe Co(1’-memun-Py-4- u
-3)4P mempamo3sunamog gospacmaem no cpaguenuio ¢ [Hy(1’-memun-Py-4- u -3)4P (Ts)*] na ~50-
90 mB, u cucmemoit 6e3 kamanuzamopa na ~140-160 mB.
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In this work 5,10,15,20-tetrakis(1 -methyl-pyrid-4- and -3-yl)porphin tetratosylates and
tetraiodide [Hz(1'-methyl-Py-4- and -3)4P]** (X)a, 5,10,15,20-tetrakis(1’-methyl-pyrid-4- and -3-
yl)porphin tetratosylates cobalt [Co-tetrakis(1 -methyl-Py-4- and -3)4P]** (Ts")s have been synthe-
sized and characterized. These compounds were differed by the isomerism of the meso-substituent
of the porphyrin molecule and the nature of the counterion (Ts’, I"). The data of the redox-behavior
and efficiency of the use of porphyrin compounds in oxygen reduction reaction (ORR) have been
obtained. The electrochemical behavior has been studied by using the cycling voltammetry method.
It should be noted that two stages of the electroreduction process were observed in an argon me-
dium for ligands. For the cobalt complexes additional processes was found. The process of the
porphyrin macrocycle electroreduction in the potential region of -0.78 ... -1.36 V and the
Co*" < Co**, oxidation (reduction) process localized on the metal atom at Ereqiox= 0.19 V were found.
The N-substitution of the pyridyl fragment of porphyrins leads to a small increase in their reducing
ability, in comparison with unsubstituted tetrapyridylporphyrins [Hz(Py-4- and -3)4P]. The possi-
bility of using water-soluble porphyrins in the ORR electrocatalysis has been considered. It has
been shown that the nature of the metal cation has a significant effect on the electrocatalytic activity
of compounds in the molecular oxygen ionization reaction of in an aqueous-alkaline media. The
activity of Co-complexes was increased by ~ 50-90 mV compared with ligands and a system without
a catalyst at ~ 140-160 mV.

Keywords: porphyrins, cobalt-complexes, voltammetry, electroreduction, electrocatalysis, molecular oxygen

INTRODUCTION pounds of the water-soluble porphyrins is of great sci-
entific and practical interest. This is due to the possi-

Porphyrins and other tetrapyrrole macrocycles o .
Py by y bility of using water-soluble compounds as drugs, cat-

have a variety of functional properties [1-5], which are

used in natural and artificial systems. Porphyrins, chlo-
rines, corolles are found everywhere and represent
unique molecules. They are involved in the basic pro-
cesses that support living systems. Various metal cen-
ters included in the tetradentate ligand are key to
achiev and regulate vital processes such as electron
transfer and catalytic transformations. A special effect
on the functionality of these macromolecules is also
determined by the corresponding substituents [1, 5-6].

Currently, the study of the physicochemical
and catalytic properties of macroheterocyclic com-
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alysts and inhibitors for redox reactions, photosensitiz-
ers for photodynamic therapy, in the processes of inac-
tivation of bacteria and microbes, analytical reagents
[3, 7-8].

Porphyrins are a group of heterocyclic organic
compounds consisting of four modified methine-
bridged pyrrole rings. They interact with carbon mate-
rials through the n-m interaction.

Electrochemical studies of TMPyP have been
carried out in non-aqueous media [9-11]. The electro-
chemistry of [M(TMPyP)]™(X") in non-agueous me-
dia has been characterized by the processes of reduc-
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tion of the conjugated m-system of the macrocycle,
electron-deficient N-methyl-pyridyl substituents and, in
some cases, the central metal ion. The electroreduction of
[Cu(TMPyYP)]*, [Zn(TMPyP)]*, [VO(TMPyP)]*" has
been studied in a dimethylformamide (DMF) medium.
It has been established that the process occurs in three
stages of addition of two electrons and includes a total
of six electrons [10]. The reduction of the porphyrin 7t-
system of the [Co'"(TMPyP)]** macroring in DMF is
accompanied by the addition of six electrons in four
stages to form [Co"(TMPyP)]? as a final product [11].
It was found that a single one-electron oxidation tran-
sition of the complex causes the conversion of Co(ll)
to Co(lll) in the potential range of +0.29 —-0.01 V vs
to the saturated calomel electrode (SCE). The first
stage of recovery occurs in the potential range of -0.49 —
-0.61 V and leads to the formation of [Co'(TMPyP)]**.
The second one causes the addition of one electron to
the porphyrin macrocycle with the formation of
[Co'(TMPyP)]?*. However, intramolecular electron
transfer with [Co'(TMPyP)]** occurs in solution to
form [Co"(TMPyP)]?*, which is observed from spec-
trochemical, electrochemical studies. Two additional
stages of the [Co(TMPyP)]?* process occur at a value
of Ei;» -0.89 — -1.10 V, which causes a complete four-
electron reduction of four N-methyl-pyridyl substitu-
ents in TMPyP. Due to the presence of four positive
charges on pyridyl nitrogen atoms, [M(TMPyP)]**
complexes (M = Mn, Co, Cu, Zn, and VO) are more
difficult to oxidize and more easily to reduce (by 400-
600 mV), compared with M(TPhP).

The electrochemistry of sixteen water-solu-
ble porphyrins of the type [M'(TMPyP)]**(X")4 or
[M"(TMPyP)CI]**(CI)4 in a non-aqueous medium
was studied some years ago [9]. All the compounds
with an inactive central metal ion were subjected to the
addition of six electrons, found for most complexes
with three electron transitions. More than three transi-
tions are observed for porphyrins having a central
metal ion with reduced electron deficiency for exam-
ple, Cd(ll).

The authors [12] considered the electrochem-
istry of monosodium and bis-N-alkyl-4-pyridylpor-
phyrins with a free base in two non-aqueous solvents
(pyridine (Py) and methylene chloride (CH.CI,)) and
tetrasubstituted  N-methoxyethyl-4-pyridylporphyrin
in dimethylsulfoxide (DMSOQ). The compound [Hz(1'-
methyl-Py-4)4P]** (I')s is irreversibly reduced at a cath-
ode peak potential Ec = -1.26 V. The reaction product
in pyridine is reoxidized one at the anode peak poten-
tial Ea = -0.08 V. Pyridyl and N-alkylpyridylporphyrin
metal-free derivatives with one, two or four meso-
pyridyl substituents are reduced similarly to tetra-
phenylporphyrin complexes and characterized by two
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well-defined one-electron transitions. The only differ-
ence between TMPyP and TMPhP is an increase in the
positive potential shift with each increase in the num-
ber of pyridyl groups. The redox behavior of N-al-
kylpyridylporphyrins also depends on the properties of
the solvent, which partially determines the dissocia-
tion/association of negatively charged ions on posi-
tively charged N-alkyl-pyridyl groups.

In an aqueous medium, unlike non-aqueous,
TMPyP derivatives exist in a dissociated form, for exam-
ple, [M"(TMPyP)]*" instead of [M"(TMPyP)]**(X)s, and
[M"X(TMPyP)]** instead of [M"'X(TMPyP)]**(X)4
under the same experimental conditions. Therefore, the
type of counterion can affect the electrochemical prop-
erties of metalloporphyrins in non-aqueous solvents
(DMF, DMSO, Py), where the associated form can pre-
vail in solution over the dissociated form due to the low
polarity of the solvent.

In the present work, in continuation of our
studies of pyridylporphyrin compounds [13], the re-
sults of studying electrochemical behavior of com-
pounds of a number of N-substituted tetrapyridylpor-
phyrins were presented for the first time (Fig. 1). The
possibility of using these compounds in the electroca-
talysis of molecular oxygen electroreduction in an
aqueous-alkaline solution has been evaluated. The
comparative analysis of the complex formation effect,
functional substitution (4- and 3-isomerism) and the
nature of the counterion (tosylate (Ts°), iodide (I)) in
the porphyrin molecule on the electrochemical parame-
ters and activity of pyridylporphyrins were carried out.

X" X
H;C “CH;
[H2(1"-Me-Py-4)4P]* (X)a

x~ CHs

Ha(1"-Me-Py-3)P]** (X)s

0
(X-: H3CO3 O, I-)

Fig. 1. Structure of porphyrins (comp. 1-4)
Puc. 1. Crpykrypa nopdupusos (coen. 1-4)
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EXPERIMENTAL

Ligands {5,10,15,20-tetrakis(1'-methyl-pyrid-
4- and -3-ylporphin tetratosylates (comp. 1 and 2
[Hz(1'-methyl-Py-4- and -3)4,P]** (Ts’)s) and tetraio-
dide (comp. 3 and 4) [Hz(1'-methyl-Py-4- and -3)4P]**
(N4}, and metallocomplexes were synthesized accord-
ing to the methods described in [14-15].

Co(ll)-tetrakis(pyrid-4-yl and 3-yl)porphin
complexes were synthesized under action of acetates
of the corresponding metals at heating in DMF.

Co(ms-(Py-4)4)P: Yield — (55%), Amax, HM/ Ige,
CHCl3: 572(3.57); 538(4.32); 413(5.70). {Co(ms-(Py-
4),)P}*(m/z): 675.486.

Co(ms-(Py-3)4)P: Yield — (89%), Amax, N/ Ige,
DMF: 588 (3.88); 549 (4.02); 432 (5.20). {Co(ms-(Py-
3)4)P}(m/z): 675.407.

Co-tetrakis(1’-methyl-pyrid-4-yl)porphin tet-
ratosylate (comp. 5). 0.1 g (0.148 mmol) of Co-
tetrakis(pyrid-4 or -3)porphin and 0.2 g of p-tol-
uenesulfonic acid methyl ester were dissolved in 30 ml
of DMF and boiled for 1 h. Then it was cooled, diluted
with 5.0 ml of benzene. The precipitate was filtered off,
washed with acetone and dried. Yield — 75.0%. Amax,
nm/ 1g ¢, H20: 581/(3.34), 547/(4.47); 434/(5.17).

Co-tetrakis(1'-methyl-pyrid-3-yl)porphin tet-
ratosylate (comp. 6). Yield — 89.4%. Amax, NM/ Ig &,
HO: 580/(3.65); 547/(4.16); 428/(5.22).

The purity and individuality of the compounds
were monitored by thin layer chromatography (Silufol
C60, eluent — CHCIs3). UV-vis spectra were recorded
with SF-56 spectrophotometer (LOMO, Russia).

Electrochemical measurements were per-
formed by the method [16] in the three-electrode cell
YASE-2. A saturated silver chloride electrode
(Ag/AgCl) and a platinum electrode were used as the
reference and counter electrodes, respectively. The
working electrode was a graphite one. The working
surface (0.64 cm?) was deposited with a layer (0.2-
0.3 mm) of an active mass, which was prepared in an
ethyl alcohol, involved the carbon support (TEC —
technical elemental carbon P-514 (GOST 7885-86)
with the ash content 0.45%), the fluoroplastic suspen-
sion (6% FP-4D) and studied substance in weight ratio
7:2:1.

The measurements were carried out by using
the potentiostat-galvanostat «J-31P» (Elins, Russia).
Potentials of cathodic (Ec) and anodic (E.) peaks for
observed processes involving studied compounds were
fixed with the accuracy of £0.01 V. The values of re-
dox potentials were determined as the average in a se-
ries of 5-6 parallel experiments.

ChemChemTech. 2025. V. 68. N 2
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RESULTS AND DISCUSSION

Electrochemical properties in an inert medium

For the electrode without a catalyst (Fig. 2,
curve 1), cathodic and anodic maxima were absent on
the cyclic voltammetric curves in the entire study re-
gion of potentials. When various porphyrin compounds
are introduced into the active mass of the working elec-
trode (Fig. 2, curve 2) in the argon atmosphere on the
first cycles of cyclic voltammograms in the studied po-
tential range for ligands, several potential regions can
be identified where electrochemical transformations
occur.

1000 pA

1a I,

E. vV

00 02 04 06 08 -10 45 -14
Fig. 2. I, E-curves on the electrode: 1- without catalyst, 2 — modi-
fied with comp. 2 in 0.1M KOH solution under argon (3 cycle). A
scan rate is 0.02 Vs
Puc. 2. |, E-xpuBble s aexTposoB: 1 - 6e3 karanmzaropa, 2 — Mo-
JudunmposanHble coenl. 2 B pactBope 0,1M KOH B cpene aprona
(3 muxa). CxkopocTs ckaHupoBanus notenmuana 0,02 B-ct

Comp. 1-4 undergoes to two electrochemical
processes. The first process is associated with the elec-
troreduction of the n-conjugated system in the potential
region AErediox, V (-0.55... -0.66) and the formation of
the radical anion (L «<» L™"). The second process de-
pending on the functional substitution and nature of the
counterion corresponds to the localization of the sec-
ond electron in the m-electron system of the macrocycle
at AErediox, V (-0.73... -0.83) (L™ «> L?) (Table 1).

So, the values of the redox potential of E'-eq/0x
of the first electroreduction process for compounds 1
and 2 are slightly lower than for compounds with coun-
ter ion I". From the E'weqiox Values, it can be concluded
that the 4-isomer is reduced in comparison with the 3-
isomer in the region of more positive potentials (poten-
tial shift is from 40 to 60 mV). This is due to the dif-
ferent position of the atom in the pyridyl fragments of
the porphyrin molecule. The same dependence is also
observed for unsubstituted 4- and 3-pyridylporphyrins
described in [17].

Thus, the N-substitution of the pyridyl frag-
ment of porphyrins leads to a slight increase in their
reducing ability, in comparison with unsubstituted
tetrapyridylporphyrins.

65



H.M. bepesuna u ap.

Table 1

Electrochemical parameters of redox process (E, V vs Ag/AgCI) in 0.1 M KOH solution in argon medium.
v=0.02 V-s!
Ta6nuya 1. DaeKTpoXuMHYECKHe MAPAMeTPbl OKUCIUTEIBLHO-BOCCTAHOBUTEABHBIX npoueccos (E, B vs Ag/AgCl) B
pacreope 0,1 M KOH B cpene aprouna. v = 0,02 B-c!

Compounds Lo L™ L L%
Elc Ela Elred/ox E”c E“a E”red/ox
1 -0.82 -0.29 -0.55 -1.00 -0.45 -0.73
2 -1.06 -0.12 -0.59 -1.19 -0.32 -0.76
3 -0.86 -0.33 -0.60 -1.02 -0.54 -0.78
4 -1.02 -0.29 -0.66 -1.16 -0.50 -0.83
-0.88 -0.54 -0.71
Ha(Py-4)4P [17] -0.60 -0.29 -0.45 118 " 119
0.81 0.61 -0.71
Ha(Py-3)4P [17] -0.61 -0.48 -0.54 «106 *.0.94 «1.00

Note: * - L7 L
Erediox= (Ec+ Ea)/2
[Ipumeyanue: * - L2 L
Erediox= (Ect+ Ea)/2

In an argon atmosphere, metal complexes 5
and 6 undergoes three electrochemical transformations
of the macrocycle. The first process is associated with
the electroreduction of the n-conjugated system in the
potential region AE;, V (-0.53... -0.57) and the for-
mation of the radical anion. The second process corre-
sponds to the localization of the second electron in
the m-electron system of the macrocycle at AEredox,
V (-0.78... -1.05), depending on the functional substi-
tution and nature of the counterion. The third process
is associated with further electroreduction of the mac-
rocycle and the formation of a trianion form in the po-
tential region - 1.33 ... - 1.36 V (Fig. 3, Table 2). An
additional electronic transition was observed for the
complexes, associated with the oxidation (reduction)
of Co**«<>Co?, localized on the metal atom at Ereqox=
=0.19V.

I 1000pA

E,V

T T T T T T T

04 02 00 -02 -04 -08 -08 -0 A2 -4
Fig. 3. CV-curves on the electrode modified with comp. 6 in 0.1M
KOH under argon (3 cycle). A scan rate is 0.020 V-st
Puc. 3. |, E-kpuBbIe 351eKTPO10B MOAUDHUIIMPOBAHHBIX COe. 6 B
0,1M KOH B cpene aprona (3 mukit). CKOpOCTh CKAHUPOBAHHUS

notennuana 0,02 B¢

Table 2

Electrochemical parameters (E, V vs Ag/AgCl) of tetrapyridylporphyrines complexes in 0.1M KOH solution in ar-
gon medium. v = 0.02 V-s!
Taonuya 2. Inexrpoxumuieckue napamerpsi (E, B vs Ag/AgCl) kommiekcoB TeTpanupuanianoppupuHoB B pac-
TBOpe 0,1M KOH B cpene aprona. v = 0,02 B-¢*!

Compounds M* < M2 Lol L" o L*
P Ec Ea Ered/ox Elc Ela Elredlox E”c E”a E”red/ox
5 016 | 021 | 019 |-057 | - S ey Bl B
6 012 | 025 | o019 |-056 | -053 | 055 | 3% | 078 | 08
Co(Py-4)sP [17] | 0.15 0.25 0.20 -058 | -0.40 | -0.49 ,;_01'9185 '0'_62 ,;_01'8100
Co(Py-3)«P [17] | 0.14 | 0.28 0.21 -0.60 | -0.45 | -0.53 ,;_01'9009 ,;_%%67 ’;-067938

Note: ** - L 1>

Erediox= (Ect+ Ea)/2
[pumeuanue: ** - L2 L5
Erediox= (Ect+ Ea)/2
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From the values of the redox potentials (£'red/ox,
E"eaiox 1 E",) of the processes of electroreduction of
the complexes, it can be concluded that they are re-
duced at lower values of the potential, in comparison
with the unsubstituted complexes Co(Py-4)4P and
Co(Py-3)4P.

The effect of the isomerism of the pyridyl sub-
stituent of the compounds 5-6 is characterized by a
shift of the redox potentials of the macrocycle reduc-
tion processes. So, in the case of metal complexes, the
3-isomer is reduced at lower potentials, compared with
the 4-isomer.

Electrocatalytic activity of ligands and metal
complexes of tetrapyridylporphyrins

Interest for the investigation in the field of ca-
talysis of the electrochemical reduction of molecular
respiration continues and will continue to grow, which
will lead to the need to develop important technologies
for electrochemical stability. Work on the creation of
non-platinum electrocatalysts for the reduction of oxy-
gen in alkaline media, due to modern applied tasks of
reducing the cost and size amplitude of current sources
while simultaneously increasing their current charac-
teristics, continues [18-21].

In order to analyze of the electrocatalytic ac-
tivity of porphyrin compounds in the ORR, voltammet-
ric curves corresponding to the limiting saturation of
the electrolyte with oxygen, were obtained.

jp,mA’e‘cni2
12 -

06 -

0.0 -d,z -0',4 EV
Fig. 4. Fragment of I,E-curves for ORR of: 1- without catalyst,
2- comp. 2, 3- comp. 1, 4 - comp. 4, 5- comp. 3, 6 - comp. 6,
7-comp. 5
Puc. 4. ®parmenT |,E-xpuBBIX mporiecca 3JIeKTPOBOCCTAHOBICHHS
MOJIEKYJIIPHOTO KUCJIOPOJa C pa3IMUHbIMU KaTaIU3aTOPaMU::
1- 6e3 karanmuzaropa, 2- coen. 2, 3- coen. 1, 4 - coen. 4, 5- coen. 3,

6 - coen. 6, 7- coen. 5

The increase in the catalytic activity of the
compounds leads to the depolarization effect, which is
appeared in the shift of the electroreduction wave of
molecular oxygen and the half-wave potential
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[E12(0)] into the region of positive values in compar-
ison with the system without a catalyst (Ew2(02) =
= -0.35V). This indicates the participation of the stud-
ied ligands and complexes in the electrocatalysis of the
considered process.

The catalytic activity of the studied com-
pounds in the ORR increases, according to a decrease
in the electroreduction potential of O, [E12(O2)] in the
series: 2<1<6<5,4<3.

An important characteristic of the ORR is the
number of electrons (n) involved in the reaction. In or-
der to clarify the mechanism of the process, using the
Randles—Sevcik equation for a fixed electrode [22], we
calculated the number of electrons for voltammograms
obtained at different scanning speeds.

ip = 272n%25CAD A2,

where i, — maximum current (peak current), (mA); S —
surface of the electrode, (cm?); Ca — solubility of the
substance Oz, (mol-1?); Da —diffusion coefficient O,
(cm?-s); v — scan rate, (V-s?).

An analysis of the effective number of elec-
trons n (Table 3), calculated in the maximum region
using the Randles—Sevcik equation with parameters
[23] shows that for all the studied catalysts n is in the
range 2.0-3.0. This suggests that the ORR for the stud-
ied catalysts proceeds in parallel according to the 2 and
4 electronic mechanism through the formation of oxy-
gen-containing intermediates.

The depolarization effect for complexes 6 <5
AE12(02) are 0.14 and 0.16 V, respectively, which is
slightly higher than for the unsubstituted complexes
Co(Py-3)4P and Co(Py-4)4P (Table 3).

Table 3
The values of half-wave potential (E12(0O,), V) and the
effective number of electrons (n) at v = 0.02 V-s?
Tabnuya 3. 3HaYeHNsI NOTEHIMAJIA TIOJTYBOJIHBI
(E12(0,), B) n 3¢ppexTHBHOE YHCI0 3TeKTPOHOB (N) MpH

v=0,02 B:¢!
Compounds E12(0; ) n
1 -0.29 2.0
2 -0.30 2.0
3 -0.26 2.2
4 -0.28 2.2
5 -0.19 3.0
6 -0.21 2.9
-0.18
Co(Py-4)P [17] (without catalyst = -0.30) i
-0.15
Co(Py-3)4P [17] (without catalyst = -0.30) i
without catalyst -0.35 2.0

67



H.M. bepesuna u ap.

CONCLUSION
Thus, functionally substituted tetrapyridylpor-

phyrins and their Co-complexes studied are quite ef-
fective systems that can be of interest when using them
as heterogeneous and homogeneous catalysts of oxida-
tion processes with participation of molecular oxygen.

The work was carried out within the frame-

work of the state assignment for the implementation of
research work (No. FZZW-20230009).
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