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The study presents the synthesis, characterization, and photophysical investigation of novel Ln(III)
complexes with 1,2,4-triazole-based Salen-type ligands, focusing on europium-centered optical pro-
perties. An optimized synthetic method for Ln(III) complex formation was developed with the use
of various salts, solvents, and deprotonating agents, with methanol, triethylamine, and triethyl or-
thoformate yielding the best results. This approach produced light-yellow crystalline products with
a 65-70% vyield. Structural characterization through IR spectroscopy and mass spectrometry con-
firmed coordination by nitrogen and oxygen atoms, as evidenced by shifts in vibrational bands in-
dicative of Eu-N bonds and alterationsin phenolic OH and CO stretching modes. UV-Vis absorption
spectra revealed bathochromic shifts, indicating changes in electron density and increased conjuga-
tion resulting from complex formation. Upon excitation, the complexes exhibited fluorescence in the
400-500 nm range and phosphorescence in the 450-550 nm range, demonstrating effective energy
transfer within the system. The CIE chromaticity coordinates for EuL1 (x=0,631, y=0,368) and EuL2
(x=0,603, y=0,396) denote a deep red emission with color purity and correlated color temperature
(CCT) values of 2017,94 K and 1720,92 K, respectively, indicating their potential for high-purity red
emissions in optoelectronic applications. Lifetime measurements (0,544 ms at 298 K and 0,706 ms at
77 K) indicate non-radiative relaxation processes that may be modulated by local symmetry, as sug-
gested by the distinctive emission splitting in Eu(III) transitions. Emission spectra revealed prominent
transitions typical of Eu(III) ions, with extensive splitting indicative of a low-symmetry environment,
likely within C,, or C, point groups. Structural analysis supports a coordination number of 8, suggest-
ing polyhedral arrangements like a bicapped trigonal prism. This synthetic route effectively produces
Ln(III) complexes with tunable luminescent properties, revealing key structure-property relationships
and enabling tailored red emissions, making these complexes promising precursors for display and
lighting technologies.

Keywords: Europium(III), Schiff bases, Salen-type ligands, Complexes, Luminescence.




INORGANIC CHEMISTRY

SYNTHESIS, CHARACTERIZATION, AND LUMINESCENT PROPERTIES OF EUROPIUM(II) COMPLEXES

WITH SALEN-TYPE LIGANDS CONTAINING 1,2,4-TRIAZOLE MOIETIES.

INTRODUCTION. The unique properties
of lanthanide (III) compounds, such as cha-
racteristic narrow emission peaks, large Stokes
shifts, high luminescence intensity, long life-
times, and others, provide them advantages
over other light emitters. These benefits make
the study of Ln(III) complexes increasingly
promising with substantial growth in research
over recent decades [1-3].

Developers of highly luminescent lantha-
nide-containing compounds often face the
challenge of optimizing sensitization efficien-
cy while minimizing quenching processes. For
the first aspect, it is crucial to carefully con-
sider the energy levels of ligand states, charge
transfer, and the kinetics of energy migration
among these states. Regarding the second as-
pect, it is essential to avoid energetic vibrations
from groups that are either directly associated
with the emission ion (the inner coordination
sphere) or interact with it at a greater distance
through weak interactions (the outer coordi-
nation sphere). Although suchweak interac-
tions have long often been overlooked, they
constitute a significant portion of all binding
interactions and strongly influence energy
transfer/quenching processes. Applying these
principles is relatively straight forward for lan-
thanide ions that emit visible light (i.e. Eu(I-
I1), Tb(III)), which can exhibit quantum yields
exceeding 70%, even in coordination com-
pounds. However, adhering to these principles
in coordination compound design is challeng-
ing, as organic ligands contain not only O-H
and N-H groups, whose vibrations are effec-
tive quenchers, but also C-H, C=0, and C=C
groups which contribute significantly to the
quenching [4-6].

The design of organic ligands is crucial
in creating luminescent coordination com-

pounds of Ln(III) with specific topology and
desired properties. Research on lanthanide
complexes with Schiff bases is motivated by
their applications in luminescent probes [7],
magnetic resonance imaging [8], and magnet-
ic materials [9]. Among the various types of
reagents classified as Schiff bases, compounds
of the Salen-group are of particular interest. By
condensing (1:2) salicylaldehyde or its deriva-
tives with various diamines, tetradentate N,O,
donor Schiff bases are obtained. Consequently,
many other N, O, donor ligands based on Schift
bases belonging to the Salen family have been
synthesized and characterized, often referred
to as Salen-type ligands [10]. The use of poly-
dentate ligands, including Schiff bases prevents
the coordination of labile ligand molecules and
solvents, while promoting the saturation of the
high coordination numbers of lanthanide ions.
A new wave of research on Salen complexes is
associated with their potential applications in
photonics, medical diagnostics and treatment,
as well as the development of new functional
materials [9-14]. These complexes are often
immobilized on inorganic or organic polymer
carriers, combined with other materials to en-
hance or complement their properties, or used
as building blocks for creating new supramo-
lecular systems [11-14].

Among organic compounds that serve as
N-donor linkers, 1,2,4-triazole and its deri-
vatives attract significant interest due to their
functional properties, including various bridg-
ing modes, the ability to exhibit intrinsic lumi-
nescence, and ease of modification. The intro-
duction of rigid substituents, such as pyridyl
and its derivatives with additional donor atoms,
creates bi- or tridentate binding sites, enhanc-
ing the stability of the resulting complexes
through the chelate effect. One of the simplest
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and most widely used substituents for this pur-
pose is the 2-pyridyl group, while derivatives
of 3- and/or 4-pyridyl have gained researchers'
attention only in the past decade [15, 16].

The aim of this work was to establish con-
ditions for the formation of new luminescent
lanthanide complexes with a series of func-
tionalized Schiff bases — Salen-type ligands,
containing 1,2,4-triazole, and to study their
luminescent properties.

EXPERIMENT OF DISCUSSION OF THE
RESULTS. Samples for physicochemical stu-
dies were prepared by grinding the precipitates
of the corresponding compounds, which were
aged at a temperature of 90-95°C until a cons-
tant mass was achieved.

Electrospray ionization (ESI) mass spect-
ra were recorded using a TSQ Fortis triple
quadrupole mass spectrometer (Thermo Fisher
Scientific, USA). All spectra were measured for
methanol solutions with a complex concen-
tration of approximately 10 pg/cm’. Isotope
distribution patterns were calculated using
the online tool at https://www.sisweb.com/
mstools/isotope.htm

IR absorption spectra (400-4000 cm™) of
samples pressed with KBr were recorded using

H;C
HN——NH, (I)
0 0
H;C CH;
N—NH HN—N

%kkk_%%

%O (11D
g >L

a Spectrum BX II FT-IR System spectropho-
tometer (Perkin — Elmer).

The NMR spectra of the obtained com-
pounds were recorded on a Varian "Mercury
400" instrument in DMSO-d, solutions.

Elemental analysis was performed using
Perkin — Elmer 2400 CHN Analyzer.

The absorption spectra of the studied com-
plexes were recordedon a ULAB spectrophoto-
meter in the wavelength range of 200-400 nm.

Photoluminescence measurements at room
temperature and liquid nitrogen tempera-
ture were carried out using a Fluorolog 3-22
spectrofluorometer (Horiba JobinYvon) with
a 450 W Xe lamp excitation source. The vi-
sible region detector used was a PMT R928P
(Hamamatsu, Japan). The excitation and lumi-
nescence spectra were corrected to account for
the emission distribution of the xenon lamp
and the sensitivity of the detectors. The integ-
ral luminescence intensity (I,) was calculated
using the Origin Pro 8.5.1 software package.

Oxalohydrazide and salicylic acid imido
ester hydrochloride were synthesized as de-
scribed in [17, 18].

N,N’-dimethyloxalohydrazide was obtained
according to the following procedure (Fig. 1):

Ak

Fig. 1. - Synthesis of N, N’-dimethyloxalohydrazide.

https://ucj.org.ua
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(I) To a cooled (0°C) solution of methylhy-
drazine (0.1 mol) in dichloromethane (100 ml),
a solution of di-tert-butyl dicarbonate (Boc an-
hydride) (0.1 mol) in dichloromethane (100 ml)
was added dropwise. The mixture was stirred
for 3 hours at room temperature, the solvent
was evaporated, and the residue was distilled
(boiling point = 90°C, 20 mm Hg). Yield: 68%.

(IT) In a 500 ml three-neck round-bottom
flask equipped with a reflux condenser and ther-
mometer, 200 ml of dry dichloromethane was
added. Then, 0,5 mol of N-BOC-N-methylhy-
drazine and 0,5 mol of N,N-diisopropylethyl-
amine (DIPEA, Hunig's base) were added. The
mixture was cooled to 0-5°C. To the mixture,
19 ml (0,22 mol) of freshly distilled oxalyl chlo-
ride solution in 50 ml of dichloromethane was
added dropwise while maintaining the temper-
ature below 5°C. After the addition of oxalyl
chloride, the mixture was stirred for 24 hours
at room temperature. The solvent was then
evaporated, yielding a colorless oil, which crys-
tallized upon stirring with water (1 liter). The
white crystalline precipitate was filtered, then
refluxed in hexane using a Dean-Stark appara-
tus for 4 hours and filtered again. Yield: 75%.

(ITI) To a solution of disubstituted oxalic acid
dihydrazide (0,165 mol, 1 eq.) in dichlorome-
thane, 1,65 mol (10 eq.) of trifluoroacetic acid
was added, and the mixture was stirred and re-
fluxed for 24 hours. After cooling, the precipi-
tate formed was filtered, then refluxed in etha-
nol for 4 hours, and filtered again. Yield: 77%.

NH x HCI

\
HN—NH  HN—NH

CHj3
O/
—_—
OH

1,2,4-triazole-based Salen-type compounds,
namely H4L12,2'—(1H,1'H—[3,3'—bi(1,2,4—triazo—
le)]-5,5'-diyl)diphenol (1) and H L7 2,2'-(1,
1'-dimethyl-1H,1'H-[3,3"-bi(1,2,4-triazole)]-
5,5'-diyl)diphenol (2) were synthesized using a
following method (Fig. 2):

In a 100 ml round-bottom flask, 10 mmol
(1 eq.) of grinded oxalohydrazide were placed
with 50 ml of methanol. To the resulting sus-
pension, 50 mmol (5 eq.) of salicylic acid imi-
do ester hydrochloride and 50mmol (5 eq.) of
triethylamine were added. The reaction mix-
ture was refluxed with stirring for 36 hours.
The resulting precipitate of the ligand was fil-
tered and washed with methanol.

For H,L', yield 55%; 'HNMR: (400 MHz,
DMSO-d,), 8 14,52 (br, 2H); 11,24 (br, 2H);
8,04 (d, 2H); 7,39 (t, 2H); 7,06 (d, 2H); 7,02 (t,
2H). For C, H N O, (MW = 320,31 g/mol):
Anal. calc.(%):C60,00, H3,78, N26,24. Found
(%): C59,36, H3,89, N27,2. Melting point =
286 °C with decomposition; white powder, so-
luble in DMEF, poorly soluble in MeOH, insolu-
ble in most organic solvents.

For H,L?, yield 46%; 'H NMR: (400 MHz,
DMSO-d,), 6 10,48 (s, 2H); 7,47 (d, 2H); 7,41
(t, 2H); 7,06 (d, 2H); 6,99 (t, 2H); 3,85 (s, 6H).
For C H N.O (MW = 348,36 g/mol): Anal.
calc.(%): C62,06, H4,63, N24,12. Found (%):
C61,74, H4,29, N23,99. Melting point> 255 °C
with decomposition; white powder, soluble in
DME, poorly soluble in MeOH, insoluble in
most organic solvents.

R
NN

N N
\ / \N/R
\ _
N N
OH
HO

R = H for HyL"; CHj for H,L?

Fig. 2. - General route for the synthesis of the ligands.
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A method for the synthesis of Ln(III) com-
plexes was developed, testing various Ln(III)
salts (acetates, nitrates, and chlorides), different
solvents (alcohols, DME, DMSO), conditions
such as temperature, reagent ratios, deprotonat-
ing agents (triethylamine, ammonia). It was de-
termined that the complexes are formed effec-
tively through the reaction of lanthanide acetates
in methanol in the presence of triethylamine
and triethyl orthoformate. Typically, 0,5 mmol
of Ln(III) acetate and 0,5 mmol of HL' (or
H_1?) were placed in a 250 cm® round-bottom
flask with approximately 100 cm® of MeOH.
Then, about 1 cm® of triethylamine and a few
drops of triethyl orthoformate were added. The
mixture was refluxed until the reagents were ful-
ly dissolved (3-4 hours). Next, the solution was
filtered through filter paper, evaporated to 1/3

[Eu(H.L')(AcO)(MeOH)]

of its volume, and left to cool in air. The follow-
ing day, a light-yellow fine crystalline precipitate
was observed, which was separated from the
mother liquor by decantation. Yield was in the
range of 65-70%. Thus, Lnl and Ln2 (Ln = Eu,
Lu) were synthesized.

The isolated compounds were characterized
by means of elemental analysis, FTIR spect-
roscopy and mass spectrometry methods. In
the mass spectrum of the Eu(III) complex with
H,L' (Fig. 3), signals for fragmented ion with
m/z 563,23 and 561,22 were observed, iden-
tified as [Eu(H,L')(AcO)(MeOH)]; signals
with m/z 490,17 and 488,18 were identified as
[Eu(H,L")(H,O)]. The 2,0 m/z difference be-
tween the described peaks can be attributed to
the presence of Eu(III) isotopes with m = 151
and 153.

.

563.23

100 [Eu(T,LY)(H,0)] ~sor 56122
z 80 488.18
g 18
5
E g0
s
E ]
£ 40—
] 564.24
20— i42]:‘19 p—
722 |391|‘27 45265 55022 |565.27
[ T T I LI L I LML T l T T I T LI l T™TTT I T
300 350 400 450 500 550 600

m/z

Fig. 3 — ESI mass spectra of Eu(III) complex with H,L".

The IR spectra analysis for both Eu(III) com-
plexes (Fig. 4) reveals consistent coordination
features and shifts compared to their respective
free ligands, providing insights into complexa-
tion behavior. In the spectrum of H, L', a broad
band at 3419 cm™is observed corresponding to
O-H stretching of phenolic groups, involved

https://ucj.org.ua

in hydrogen bonding. In the spectrum of Eul
multiple bands appear in the 3500-3400 cm™
region, suggesting interactions between Eu(III)
ion and coordinated water/methanol mole-
cules. The bands around 1603 cm™, 1569 cm!,
and 1537 cm™ in the spectrum of Eul are
strong, indicating coordination interactions af-

UCJ Nz 3 / Vol. 90
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fecting the C=0O/C=N vibrations and possibly
involving acetate. Specifically, the 1569 cm™
and 1537 cm™’ bands suggest asymmetric
stretching of the C=0 groups in the acetate.
The presence of these bands close to 1569 cm'™
supports bidentate coordination of the ace-
tate to Eu(III) [19]. Strong bands at 1603 cm™
(complex) and 1622 cm™ (free H L') region are
likely due to C=N stretches of the triazole and
aromatic groups. This slight shift upon comp-

40 |

2

1500 200 15040 1 {0 S

-1
v, CiTl

lexation indicates Eu(III) coordination affects
electron density in the ligand, altering C=N
bonding character. The bands at 1413 cm™ and
1398 cm™ in the spectrum of Eul suggest the
C-O stretch of the phenolic group, shifting
slightly compared to the free ligand (1410 cm™,
1399 cm™). The shift and retention of the inten-
sity suggest the Eu(III) complexation impacts
these bonds, potentially involving O-phenolic
coordination.

100

v

A0 b

20k

L i 1 i ']
3500 000 2800

L
2000 LTH)

-1
v, Ch

1 5406} 100

Fig. 4. - IR spectra of compounds (a: 1 - H 4L1, 2-Ful,b:1- HZLZ, 2 — Eul?)
in comparison with the corresponding free ligands.

Bands around 1481 cm™ (Eul) and 1456 cm™
in both spectra correspond to C=C stretches
of aromatic rings, with no significant shifts,
indicating limited Eu(III) influence on these
bonds. The complex’s additional bands (e.g.,
at 512 cm™ and 444 cm™) can be attributed to
Eu-0O and Eu-N coordination, which are ab-
sent in the free ligand.

In the spectrum of H L’ a medium band
at 3448 cm™ indicates O-H stretching, likely
from hydrogen-bonded phenolic groups. In
the spectrum of Eu2 complex, a strong band
appears at 3442 cm’, indicating the presence

of coordinated water and methanol as in the
case of Eul.

A medium band at 1624 cm™ in the spec-
trum of H,L* can be attributed to C=N stretch-
ing in the triazole or aromatic system. In the
spectrum of the complex, this band shifts to
1604 cm™ and increases in intensity, suggesting
coordination between Eu(III) ion and nitrogen
atoms, possibly altering the electron density
and stretching mode. In the spectrum of Eu2
complex, the bands at 1558 cm™ and 1548 cm™!
represent the C=O stretching modes of ace-
tate-ion. The appearance of these two bands

ISSN 2708-129X. VKp. Xim. XypH., 2024
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points to a bidentate coordination of the ace-
tate to Eu (III) ion, as the two C=0 bonds are
now involved in binding, altering their stretch-
ing behavior. Additionally, a strong band at
1462 cm™ in the complex further indicates
asymmetric stretching in the C-O of acetate,
reinforcing the bidentate mode.

The bands in the 1590-1580 cm™ range
of medium intensity for H L shift to 1558-
1548 cm™ in the complex. This shift suggests
that C=N in the triazole ring are impact-
ed by Eu(Ill) coordination. A strong band
at 1480 cm™ in both spectra represents C=C
stretching in the aromatic rings, which re-
mains strong, indicating that Eu(III) does not
significantly impact these aromatic bonds.

A medium band at 1403 cm™ in H,L? shifts
to 1420 cm™ in the complex, suggesting a
C-O stretch, likely from phenolic groups, in-

dicating involvement in coordination with
Eu(III). Bands around 1277 cm™! and 1257 cm™*
in H L? also shift to 1299 cm™ and 1274 cm
in the complex, suggesting C-O vibrations
affected by complexation. The complex intro-
duces weak bands at 451 cm™ and 580 cm’,
likely representing Eu-O and Eu-N vibrations,
which do not appear in the free ligand, as in
the case of Eul. Thus, the detailed analysis of
the IR spectra indicate the formation of stable
Eu(IlI) complexes with bidentate acetate co-
ordination, and coordination via triazole nit-
rogen and phenolic oxygen atoms, comple-
mented by coordinated water and methanol
molecules.

Based on the obtained experimental data
and considering similar complexes described
in the literature, the structure of the synthe-
sized Eu(III) complexes was proposed (Fig. 5).

L' R:H
L? R: CH,

Fig. 5. — Schematic structure of synthetized complexes (Ln = Eu(III), Lu(III)).

In the complex Lnl, the coordination po-
lyhedron of the central atom includes two nit-
rogen atoms from the 1,2,4-triazole groups,
two oxygen atoms from the phenolic groups of
the ligand, and one oxygen atom from the ace-
tate ion. The structure of the complexes Ln2 is
similar to that of Lnl. It should be noted that
the exact number of coordinated solvent mole-
cules has not been precisely determined; how-
ever, according to mass spectrometry data, one

https://ucj.org.ua

or two labile molecules appear to be coordina-
ted, which exchange occurring between MeOH
and H,0.

The absorption spectra of the compounds
H,L"'and H L? (Fig. 6) were analyzed in metha-
nol solutions at concentrations ranging from
1x10* to 10° M. These compounds are cha-
racterized by broad double bands with ma-
xima in the range of 265-270 nm and 300-
330 nm, resulting from the overlap of n—mn*

UCJ Nz 3 / Vol. 90
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and n—m* transitions within the conjugated
systems of the benzene and 1,2,4-triazole rings
[20]. Methylation of the nitrogen atom in the
1,2,4-triazole rings results in a bathochromic
shift (AN = 20 nm) of the maxima of the first
absorption band with minimal change in its in-
tensity, which may indicate the involvement of
the phenolic rings in the formation of intramo-
lecular hydrogen bonds, specifically -O-H---N.
These hydrogen bonds restrict the rotation of
the phenolic rings [21]. Furthermore, the com-
pound H, L exhibits higher extinction than
H,L

The complexation of Ln(III) with the H L'
and H,L? ligands leads to a slight bathochro-

mic shift (AN = 2-7 nm) of the absorption
band maxima in the 300-330 nm region,
which can indeed indicate coordination of the
nitrogen atoms in the 1,2,4-triazole groups and
the oxygen atoms in the phenolic groups of the
ligand. Such a bathochromic shift is typical for
processes associated with increased conjuga-
tion efficiency or changes in electron density
within the system, which often occur during
the coordination of metals with nitrogen- and
oxygen-containing donors. This effect can be
explained by shifts in the energy levels of the
ligand's electronic orbitals upon coordination,
leading to a change in the position of the ab-
sorption bands in the spectrum [20-24].

b

Fig. 6. — Absorption spectra of the compounds
(a:1-HL'2 - Eul;b: 1 - HL?2 - Eu2, DME C = 1x10M).

The molecular luminescence spectral profile
of Lu(IIT) complexes is similar across all ligands
and features a broad band in the 400-550 nm
range, likely attributed to mt-m* transitions with in
the ligand structure. Similar bands with a slight
blue shift are observed in solutions (Fig. 7).

The alignment of the energy levels of the li-
gand (singlet S and triplet T ) and the excited
states of Ln(III) ions is a key factor in ensuring

10

the efficiency of luminescence in lanthanide
complexes [1, 2]. In these complexes the en-
ergy level of the singlet state of the ligands is
22124 cm™ for Lul and 24510 cm™ for Lu2.
According to the provided data, the energy of
the lowest lying triplet state for both Lul and
Lu2 is 21008 cm™, as determined from the
maximum wavelength of the phosphorescence
band (Fig. 7).
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Fig. 7. - Fluorescence (1) and phosphorescence (2) spectra of Lul (a) and Lu2 (b).

Luminescence of the europium complexes citation spectra of 4f-luminescence coincide,
was observed in DMF solutions and in crys- which is supports the presence of intramolecu-
talline samples at both room temperature and lar energy transfer from the excited electronic
liquid nitrogen temperature (Fig. 8). Previous levels of the ligands to the emitting level of the
studies indicate that the absorption and ex- Eu(III) ion.
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Fig. 8. — 4f-Luminescence spectra of the complex Eul at 298 K
(for crystalline samples — 1 and solutions in DMF - 2)(a) and CIE chromaticity diagram 1931 (b).
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The CIE coordinates for the Eu-centered
emission were calculated, placing both Eul and
Eu2in the red region of the CIE 1931 chromatic-
ity diagram [25]. For Eul, coordinates x=0,631
and y= 0,368 indicate a deep red emission, rep-
resenting a rich, saturated red light. The coordi-
nates for Eu2 are 6x = 0,603 and y = 0,396, also
fall within the red region but are slightly shifted
toward a warmer hue compared to Eul. This
shift may result from differences in the ligand
field or subtle variations in coordination sym-
metry, affecting the precise emission profile of
the Eu(III) ion and slightly altering the hue.

The correlated color temperature (CCT) va-

lues provide additional context on the warmth of
the emitted light. For Eul, a CCT of 2017,94 K
indicates a warm, intense red light with low
color temperature, consistent with deep red
region. Such a CCT is typical for narrow red
emissions, often desirable in applications like
red phosphors for LEDs that require pure red
chromaticity. Eu2, with a slightly lower CCT of
1720,92 K, produces a warmer and deeper red
emission than Eul. The lower CCT aligns with
the slight shift in CIE coordinates, indicating
that emission of Eu2 is perceptibly warmer,
likely due to subtle structural differences that
influence the Eu(III) electronic environment.

Table 1.
Luminescent characteristics of Eu(III) complexes.
n T, ms
Complex (D, "E)/(D,F) DMF solid Pewr %
DMF solid 298K 77K 298K 77K DMF solid
Eul 7,6 7,1 0,533 0,549 0,544 0,706 0,023 29,7
Eu2 7,9 7,5 0,563 0,584 0,575 0,685 0,019 26,7

The luminescence decay curves of the com-
plexes were analyzed and fitted with single ex-
ponential decay law (Table 1). The shorter life-
time at room temperature (0,544 ms) suggests
the presence of non-radiative decay pathways,
consistent with a coordination environment
that facilitates vibrational relaxation process-
es. The increase in lifetime at low temperatures
(0,706 ms at 77K) is typical, as non-radiative
processes are suppressed at lower tempera-
tures. This behavior suggests a somewhat open
coordination structure with lower symmetry,
allowing for more vibrational coupling and
therefore non-radiative decay at higher tem-
peratures [26].

12

The emission spectrum of the Eu(III) com-
plex provides insight into its coordination
environment, revealing information on lo-
cal symmetry, coordination number, and the
point symmetry group of the Eu(III) center
[27]. The luminescent profile of the Eu(III)
complex in the solid state at 77K (Table 2)
shows characteristic emissions in the visible
region, with well-resolved transitions from
the excited °D state to various 'F, ground-
state levels. Key observed transitions include
the following: °D —’F as a single, sharp peak
at 580,0 nm; °D —’F, as three peaks at 590,0,
593,2, and 595,8 nm, indicating splitting due
to lower symmetry around the Eu(III) center;
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°D,—~’F, as four distinct peaks at 614,7, 615,4,
616,2, and 619,8 nm, corresponding to the hy-
persensitive electric dipole transition and sug-
gesting a non-centrosymmetric environment.
Higher-order transitions °D —’F,and °D —’F,
exhibit even more splitting: the D —F, tran-
sition shows five peaks (647,7, 649,6, 650,8,
651,7, and 653,6 nm), and the °D —’F, tran-

sition shows seven peaks (684,8, 686,1, 690,0,
692,6, 694,2, 698,5, and 700,0 nm), indicating
a high degree of asymmetry in the ligand field.
It should be noted that in DMF solutions,
the profile of band splitting is consistent with
that observed in solid state, indicating struc-
tural identity in both crystalline and solution
phases.

Table 2.
Splitting of bands in the emission spectrum of Eul complex.
Xmax’ nm
Measurement conditions
5D0_>7F0 5Do_)7]':1 5Do_ﬂ]‘:z 5D0_>7F3 5Do_)7]':4

687,0

590,8 616,0 651,0 ?
298K 580,0 ? ’ ’ 691,1
593,9 620,0 657,0 699.0
684,8
solution 6147 647,7 686,1
(DMF) 590,0 154 649,6 690,0
77K 579,8 593,2 616’2 650,8 692,6
595,8 619’8 651,7 694,2
’ 653,6 698.,5
700,0
685,9
590,0 614,3 651.0 690,5
298K 580,2 593,5 616,1 652’3 694,6
596,4 620,4 ’ 698.,5
700,2
crystal 685,8
6145 649,1 690,5
590,1 616,2 650,4 693,9
77K 580,3 593,6 620,2 651,8 694,5
596,5 620,8 652,4 697,1
’ 653,3 698.,5
700,4

Given the observed high asymmetry and
distinctive splitting patterns, the coordination
polyhedron around Eu(III) likely has a coor-
dination number (CN) of 8 or 9. This CN is
typical for polyhedra with low symmetry such
as a bicapped trigonal prism (CN=8) or tri-

https://ucj.org.ua

capped trigonal prism (CN=9). The symmetry
type appears to be low, likely C_or C,, based
on the pronouncedsplitting and high n intensi-
ty ratio (°D-"F,)/(°D -’F,). These point groups
lack a center of inversion, which explains the
enhanced electric dipole transitions.

13
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CONCLUSIONS. An optimized synthesis
protocol was developed for Ln(III) complexes
with 1,2,4-triazole-based Salen-type ligands
using various salts, solvents, and deprotonating
agents. Through the use of lanthanide acetates
in methanol with triethylamine and triethyl
orthoformate, crystalline Ln(III) complexes
were obtained with high yields (65-70%). Cha-
racterization by IR and mass spectrometry
confirmed the formation of specific coordi-
nation structures, including Eu(III)-centered
complexes with triazole and phenolic groups,
involving coordination of multiple N and O do-
nor atoms from the ligand and acetate groups.
The IR and absorption spectra revealed sub-
stantial shifts upon complex formation, con-
sistent with effective coordination of Eu(III)
by nitrogen and oxygen donors, and indicat-
ing changes in electronic conjugation. Eu(III)
complexes exhibited luminescence with in-
tense red emission. The luminescence lifetimes
indicated the presence of non-radiative path-
ways at higher temperatures, which aligns with
an open, lower symmetry coordination envi-
ronment. Emission spectra analysis at low tem-
peratures revealed significant splitting in the
Eu(III) transitions, consistent with a low-sym-
metry coordination polyhedron, likely in a
bicapped or tricapped trigonal prismatic ar-
rangement with C_or C, point group sym-
metry. This is supported by the intensity ratio
and emission profile. The study establishes a
foundation for further exploration of these
complexes in applications requiring controlled
luminescence properties. The CIE coordinates
and CCT values highlight their potential as
high-purity red-emitting complexes with de-
sirable color characteristics for optoelectronic
and photonic applications, with Eu2 exhibiting
a slightly redder and warmer tone than Eul.
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Y pobori mpefcTaBIeHO CMHTE3, XapaKTe-
puctuky ta QortodisuyHe TOCTIIKEHHA HO-
Bux komiuiekciB Ln(III)3 nirangamu Salen-tu-
Iy Ha OCHOBI 1,2,4-Tpuasony, 30KpeMa OnTud-
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Hi B/IaCTMBOCTI KOMIUIEKCIB 3 eBpomieM. byno
ONTMMi30BaHO METOJ] CHTE3Y /Il YyTBOPEHHA
kommiekciB Ln(III) 3 BukopucTaHHsAM pi3-
HUX COJIell, PO3YMHHUKIB Ta EIPOTOHYIOYNX
areHTiB, cepel SKuUX HalleQeKTUBHILIMMM
BUABUINCA METAHOJI, TPUETUIAMIH Ta Tpue-
Tioprodopmiar. Ile mosBommIo oTpMMaTn
CBITJIO->)KOBTI KpMUCTa/Ii4Hl IPOJYKTU 3 BUXO-
mamu 65-70%. 3a fonomoror IY-cnexTpocko-
Il Ta Mac-CIEeKTPOMETPil 0XapaKTepU30BAHO
KOOpAMHALIII0 Yepe3 aTOMM a30Ty Ta KUCHIO,
10 MiATPUMYETHCA 3CYBaMM B KOMMBATIbHUX
CMyTax, sKi BKasyloTb Ha 3Bsa3ku Eu-N Ta
3MiHN B KomMBaHHAX ¢eHonbHux rpyn OH i
C=0. Cnexkrpu nornuHanasa B YP-Bugumin
o67acTi TPOAEMOHCTPYBaIM 0OATOXPOMHMUIA
3CYB, BKa3yl04Jl Ha 3MiHEHY T'YCTUHY €JIEKTPO-
HiB i MigBUIEHY KOH Toraljilo yepe3 KOMITIEK-
coytBopeHHs. I1if yac 30y/pKeHHS KOMIUIEKCH
nposB/sn ¢ryopecieHIito B giamasoni 400-
450 M i dpocdopecrienuio B pianaszoni 450-
550HM, IO BKadye Ha eQeKTUBHY Iepefady
eHeprii B cucremi. Konmboposi koopayunaty CIE
ns Eul (x=0,631, y=0,368) ta Eu2 (x=0,603,
y=0,396) BKka3yI0Tb Ha HacU4eHe YePBOHE BU-
IIPOMiHIOBAaHHA 3 BYICOKOI YMCTOTOI KOJIbO-
Py Ta 3Ha4YeHHAMM KOpEIbOBAHOI KOIipHOI
temneparypu (CCT) 2017,94K Ta 1720,92K
BiIMOBi/IHO, 1[0 pOOUTH iX TPUIATHUMU IS
YCTO-4YEPBOHOTO BUIIPOMIHIOBAaHHA B OIITO-
eJIeKTPOHHMX 3acobax. BumipioBanHsa dwacy
xutts (0,544 mc npu 298 K ta 0,706 Mc mipu
77 K) BKa3yIoTb Ha HasIBHICTb 0€3BUIIPOMIiHIO-
Ba/IbHUX pe/TaKCalliliHNX IIPOLECiB, AKi IIOTEH-
L[I/IHO MOAY/IIOIOTHCA JIOKAJIbHOIO CUMETPIEIO,
10 MiJTBEPIKYETbCA XapaKTEPHUM PpO3lie-
IJIEHHAM JIiHiJl BUIIPOMIHIOBAaHHA II€PEXOJiB
Eu(Ill). CrexTpyu BMIIPOMiHIOBaHHS IIpOfie-
MOHCTPYBa/ll BUPa3Hi IepexXoan, TUIIOBI JI/Id
ioniB Eu(IIl), 3 iHTeHCMBHMM pOS3IIEIIEHHSM,

https://ucj.org.ua

1110 BKa3y€ Ha HU3bKOCUMETPUYHE CEPEIOBU-
1e, IMOBIpHO, y TOUKOBMX Irpynax C,y, abo C..
CrpykTypHMiI aHali3 BKadye Ha KOOp[MHa-
LijfHe YMCI0 8, MPUIYCKAKYM IOJiefpanbHi
KOHirypalil, Taki K BO- a00 TPUIIAIIKOBY
TPUrOHanbHy InpusMmy. lleit meropn cuHTesy
eeKTMBHO IO3BOIAE OTPUMATH KOMILIEK-
cu Ln(III) 3 xepoBaHMMM TIOMiHECIIEHTHUMM
BIACTMBOCTSAMU, BUAB/IAIOYM K/IIOYOBi 3a7I€X-
HOCTi CTPYKTypa — BJIaCTUBICTb i 3abe3meuy-
104l CIIPAMOBAHE Y€PBOHE BUIIPOMiHIOBaHHA,
[0 pOONTH IIi KOMIUIEKCH HepCHeKTBHUMM
I/ 3aCTOCYBaHHA B JUCIIEAX Ta OCBIiT/IIO-
BaJIbHMX TEXHOJIOTiAX.

KnrouoBi cmoBa: eBpomiii(Ill), ocHoBu
[uddda, niranpy Salen-Tuiy, KOMIUIEKCH, JTIO-
MiHeCIeHITif.
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PO3POBJIEHHA KOMMO3ULIMHNX MATEPIANIB I3 NIABULIEHOLO

CTABINIbHICTH AJ11 EHEPTOrEHEPYHOHUX
TA EHEPTO3BEPIFTAHOYMUX CUCTEM

I1. B. Topuuntox*, 1. B. licoécvxuii, A. I. binoyc

Incmumym 3azanvHoi ma Heopeaniunoi ximii im. B. I. Bepraocvkozo HAH Ykpainu,
npocn. Axademixa Ilannadina, 32/34, Kuis 03142, Yxpaina
* e-mail: pasha.torchyniuk@gmail.com

Po3po6eHo MeTOMKY CTBOPEHHS ABOX TUIIB KOMIIO3MIITHUX MarepialiB: OpraHo-He-
OPraHiYHMX IIEPOBCHKITIB LIJIAXOM HAaHECEHHA ONTUYHO IIPO30PUX IO/IiIMEPIB Ha IIOBEPXHIO
opraHo-HeopraniuHoro neposcbkity CH,NH,PbI, Ta niriii-nmposignux okcupis — monudi-
Kallil OBepXHi KOMEPLIHMX KaTOJHMX MaTepia/liB TUILY LiNixCoyAlez/ LiNi Mn Co,0,
HaHOYACTMHKAMM OKCUJIHOTO JIiTili-TiposifHoro marepiamy Li, Al Ti, (PO,),. Iloxasawo,
10 3a71eXKHO Bifl TuIly monimepy BinbyBaeTbcsa ferpaganisa neposcbkity CH NH PbI, ye-
pe3 YTBOpeHHs Pi3HOI Ki/IbKOCTI JORATKOBUX KpucTaniunux ¢as. Ilig BmBoM Bomoru ta
K1cHIO mpotsiroM 500 gHiB nniBky neposcbkKit/monimep: PVB, COC ta PVDC perpanyorb
muuie Ha 1,55%, 1,65% Ta 3,5% BifgnoBigHo, 1110 y 65, 60 Ta 29 pasiB MeHIIe, HDK I YXCTOrO
neposcbkiTy CH,NH,PbL.

BusB/IeHO 3a/1€XXHICTD €/IEKTPOXIMIYHMX XapaKTepUCTUK KaTOAHUX MaTepialiB Bif MeTO-
Iy HAaHEeCEHHA 3aXMCHOTO MOKPUTTA (MeXaHiYHe HaHECEeHH: i 30/Ib-Telb-MeTox). BcTanos-
JIEHO, 1O JJIs1 KOMIO3ULITHMX KaTofHUX MaTepianiB Ha ocHoBi NMC 111 nafiiHHA €éMHOCTI
BIIpOfOBX 80 UMKIIIB 3apAz/po3pAAHOrO IMK/IyBaHHA 3MeHIIYETbCcA Ha 10-14% mnopiBHA-
Ho 3 BuxigHum NMC 111. BogHouac npumaTHicTh KaropHoro marepiamry NMC 111 (T) mo
HIBMKOTO 3apsf/po3pAJHOTO Mpolecy € Ha 4-6% BUIO0, HIXK Y BUXiZHOTO KaTOHOTO Ma-
Tepiany.

Knro4oBi cnoBa: COHAYHI €/1eMEHTH, OpraHO-HEOPraHiYHMII IEPOBCHKIT, JIiTii-10HHI aKy-
MYJIATOPH, KaTOIHI MaTepiay, CTabi/IbHICTh XapaKTePUCTHUK.

BCTVYII. B octanHi pokn mpo6jieMa eHepro- KpaiHM B yCbOMY CBiTi NOBMHHI 36i1bIINTI
3abe3ledeHHs CTajla OJHIEI0 3 HAMOIIBII ak- BMPOOHNIITBO eHeprii y mekinbka pasiB. Bu-
TyaJIbHUX Yy CBiTi. BpaxoByroum HEBINMHHE KOPUCTAHHA BYITIEBOMHIB, BYTi/I/IA Ta IHIINX
30i/IbIIIeHHS KiIbKOCTI HaCeJIeHHs Ha IJIaHeTi, BM[IB BMKOIHOTO IajyBa I/ OTPUMAHHS
IJIA MigTPUMMAHHA HUHIIIHBOTO PiBHA JKUTTA €HEpPrii NpU3BOAUTH [0 3HAYHUX BUKIJIB
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BYIJIEKVIC/IOTO Ta3y B aTMocdepy, L0 3yMOB-
JTIO€ 3pOCTAaHHA IAPHIKOBOTO e(heKTy. 3arocT-
PEeHHsI eHepreTUYHNUX i eKOJOTiYHNX MpobieM
3yMOBJIIOE Bce OinbLINII iHTepec KO MOLIYKY
eKOHOMIYHO eeKTMBHUX i eKoloriyHo Oes-
IeYHUX JDKepe/l BiJHOBIIOBA/IBHOI €Hepril.
OpHaK pO3BUTOK a/lIbTEPHATUBHOI €HEpPreTH-
K1 HeMOXK/IUBUI 06e3 po3po0JieHHsI eHeprore-
HEPYIOUMX Ta EHEPrOaKyMY/IIOIOUNX CUCTEM.

HemonaBHO oOpraHo-HeOpraHiuyHi IepoB-
CbKITV IIPMBEPHY/IM YBary HayKoBOi CIIi/IbHO-
TV 3aBJAKM BUCOKIiT e(peKTMBHOCTI IepeTBo-
peHHs coHsyHOI eHeprii [1]. Lli cnonyku ma-
I0Tb Ki/IbKa K/II0YOBUX B/IAaCTUBOCTENL, 1110 PO-
O/1ATD iX NMepCIeKTVBHNUM /11 BUKOPYCTAHHSA
B (OTOENIEKTPUYHMX TeXHOJOTiAX. OCHOBHOIO
IepeBaror OpraHo-HEOPraHiYHUX IIEPOBCHKi-
TiB € BUCOKa e(eKTUBHICTb TepeTBOPEHH CO-
HAYHOI eHeprii 3a MOPiBHAHO HU3bKMUX BUTPAT
Ha BMpOOHMITBO. lle mo3BOIAE 3HIDKYBaTH
CO0IBapTICTb COHAYHMX MaHeNel, 10 POOUTh
i MaTepiaay NpuBabIMBUMU JIsI KOMEPIIiii-
HOTO BUKOpUCTaHHA. [Iporarom pecaTmmit-
TS eQeKTUBHICTb II€pPeTBOPEHHsS COHSIYHOI
€Hepril efleMeHTaMI Ha OCHOBi OpraHO-Heop-
TaHIYHOTO IEPOBCBHKITYy 3pocma fo 25,2% [2].
Hocaraytu nporo edexTy BHamocsA 3aBIAKU
BJJOCKOHAJIEHHIO KOHCTPYKIIi/l COHAYHUX eJle-
MeHTiB (3, 4], JogaBaHHIO HOBMX HPOBigHUX
mapiB (n- i p-TuIy), MOKpaljeHHIO SAKOCTi
IIJIIBKY ITIEPOBCHKITY.

OpraHo-HeorpaHiuHi IEPOBCHKITU XapakK-
TepU3YIOThCS HU3BKOK HIBUAKICTIO peKoMOi-
Haulii HociiB 3apAnRy, wo crpuse 6inpur edex-
TUBHOMY IIEPEHOCY €IEKTPOHIB i IipOK, BUCO-
KO0 PYyX/IMBiCTIO HOCIiB 3apany [5] Ta Bemm-
KOI0 IOBXMHOI0 mudysii [6], mo 3abe3meuye
iXHI0 e(peKTUBHICTD Y POTOETEKTPUIHNX IIPU-
CTpOAX. 3aBAAKM MPSAMO3OHHIN CTPYKTYpi,
AKa 03BOJIsI€ ePeKTVBHO IOIIMHATY CBITIIO,
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0co6MMBO B BUMMIlI i ynipTpadioneTosii yac-
TUHAX CIIEKTPa, IIEPOBChKiTaM IpUTAMaHHUIA
BUCOKMIT KOedilliEeHT ONTUYHOTO MOIIVHAH-
HA. BpaxoByroun Bules3asHayeHi Iepesaru,
OPraHO-HEOPTaHiYHi IEPOBCHKITY € IIEPCIIEK-
TUBHMMU MaTepianamMu /i1 BUKOPUCTAaHHA B
COHAYHUX €/IeMeHTaX, OCKI/IbKM BOHM 3JJaTHi
BOMpaTy OiIbIY Ki/IbKiCTh COHSAYHOI eHepril.
YHikanbHa KpucTajaiyHa CTPYKTypa OpraHo-
HEOpraHiYHMX II€POBCHKITIB [TO3BOJIAE 3Mi-
HIOBaTY iXHi €/JeKTPOHHI BIACTMBOCTI LIJIA-
XOM BapiloBaHHA CK/Iafy MaTepiamy (3miHa
TUITY OpPTaHIYHMX MOJIEKY/I a00 HeOpraHiYHMX
KaTiOHiB, aHiOHIB), 1IJ0 BiZKpUBa€ HOBiI MOX-
NMBOCTI I onTMMi3anii pisHUX THHiB GoTo-
€JIEKTPUYHMX IIPUCTPOIB, a TAKOXK /I iHIIMX
3aCTOCYBaHb, TAKMUX AK CBIT/IONIONM, T1a3€PU.
Il opraHO-HEOpraHiYHUX IEPOBCHKITIB Xa-
paKTepHa CTPYKTYpHa Jierpajialiid Ipy BIUIN-
Bi 30BHIIIHIX YMHHUKIB (BOJOTM, TeMIiepa-
TypH, yIbTpagioneToBOoro BUNPOMiHIOBAHHSA
tomo) [7-10]. He3Bakatoun Ha yHiKa/IbHICTDb
iXHIX XapaKTepPUCTUK, MUTAHHS CTabi/IbHOCTI,
IOBTOBIYHOCTI Ta €KOJIOTiYHOI 6e3MeKy IuX
MarepiajiB 3aJIMIIAIOTbCA BAXKIMBUMU aC-
IIeKTaMy, SIKi TOTPeOy0Th NOAATBIINX JJOCTTi-
TPKEHb.

OCKiZIbKM €Heprilo BiJ a/JbTepHATUBHUX
IKepena HEeMOXK/IVIBO OTPUMYBATH LIi0f060-
BO, IIOCTA€ 3aBIaHHA I HAKONMYEeHHA Ta 30e-
piranHa. Haii6inpm edexTuBHMMM IpUCTpPO-
AMMU U1 BUPilIEHHA VX 3aBJJaHb Ha CbOTOJIH1
€ mitiit-ionHi akymynaropu (JIIA). Ilepcrexk-
TUBHJM TUIIOM KaTORHUX MaTepianiB gy JIIA,
3aBISKM BUCOKIN MUTOMIill EMHOCTI Ta MOTEH-
Li/IHO BMCOKIll III/IbHOCTI €Heprii, BBAXKaOTb
mapysari oxcupyu LiNi Co ALO, (NCA) ta
LiNiXMnyCoZO2 (NMC) x+y+z=1)[ll].
OpHak XapaKTepUCTUKM KAaTOZHMUX MaTepi-
aZiB IIbOTO THUIIY ICTOTHO IIOTipIIYIOTbCA B
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npoleci 3apsAn/pos3pARHOro LUMK/IyBaHHA de-
pe3 Mik(asHy peaxiiifo MK MaTepiaoM Ka-
TOflAa Ta PIgKUM €IeKTPOIITOM, 110 IPU3BO-
mnth po nepexony Co** y Co** ta pyitHyBaHHS
ctpykrypu NMC/NCA d4epes posynopapky-
BaHHA ioHiB Li" Ta Ni** y kpucTanivsiit rparmi.
[lInaxom BupiuieHH: L€l mpobnemMu € CTBO-
PEeHHA KOMIIO3MLIMHNUX MaTepiamiB 3a paxy-
HOK Mopaudikanii moBepxHi KaTOgHMUX MaTe-
piaziB TOHKMM IIApOM 3aXJCHOTO IIOKPUTTS,
110 3ar06irae MpsIMOMY KOHTAKTy KaTOJZHOTO
Marepiany 3 eIeKTPOJITOM Ta IPUTHIYy€E Ia-
pasuTuyHi 1mo6iuHi mporecu. 3asBuyan i
CTBOPEHHA 3aXJICHOTO IIOKPUTTS Ha IMOBEPXHi
YaCTMHOK KAaTOOHMX MaTepianiB BUKOPUCTO-
BYIOTb XiMiYHO CTiJiKi (B KOHTaKTi 3 elleKTpo-
TTOM) Ta eNeKTPOXiMiYHO iHepTHI MaTepianm
(taki six FePO,, ALO,, AIPO, Ta in.). OnHak
1je MOTipIly€e IBUKICHI XapaKTepUCTUKN Ka-
TOAHMX MaTepialiB, OCKI/IbKM TaKi 3aXMCHi
MOKPUTTS XapaKTe€PU3YIOThCA HU3bKOIO €/IeK-
TPOHHOIO NPOBIJHICTIO Ta HU3BKUM Koedilri-
eHToM fudysii ioHiB iTio. BukopyucraHHA
MarepialiB i3 BMCOKOK IOHHOIO IIPOBifIHI-
CTIO JII1 CTBOPEHHS 3aXMCHOIO IIapy MOXe
301IBIINTY MIBUAKICTD 3apARY aKyMY/IATOPA,
OCKI/IbKM K/TIOUOBMM €TaIloM, L0 OOMexye
MIBUAKICTh Mirpanii Li* mig dac sapapy/pos-
pAny, € nmbysi,q Li* Bim omHiel YaCTMHKM IO
iHmoi BcepenmHi akTMBHOrO Matepiany [13].
ITepcrieKTMBHMM MaTepiaZioM JiiA CTBOPEHHA
3aXJMCHOIO 1IAPY € CIIONYKMU JITii, a/JroMiHili
tutandocdaris, 3aranpHa XimMiuHa Qopmyna
axux mae urnsapn Lip Al Ti, (PO,), (LATP) si
crpykryporo NASICON. Ili marepianu cTiiiki
1O [il BOAM Ta IOBITPs, BOMOLIIOTh BYICOKOIO
ionHot0 poBipHicTIO (~10* CM/cM 3a KiMHAT-
HOI0O TeMIIepaTypo0), MAlOTh IIMPOKe BiKHO
e7IeKTpOXiMiyHOI cTabinmpHOCTI [14].

Mertoto 1i€i po60OTU € pO3pOOTEHHS KOM-
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MO3ULIIMHUX MaTepianiB [BOX THUIIIB: Opra-
HO-HeopraHiunmx neposcbkitis CH,NH,PbI,
i mapysarux oxcupis LiNi Co AL O, (NCA) /
LiNiXMnyCoZO2 (NMCQC) Ta gocnigKeHHs IXHIX
¢isuKo-XiMiYHMX B/IaCTUBOCTEI.

EKCIIEPMIMEHT TA OBI'OBOPEHHA
PE3YJIBTATIB.

Mamepianu. Ina cuHTe3y OpraHo-HEop-
TaHiYHUX IEPOBCHKITIB AK BUXIiJHI peareHTH
BUKOpUCTOBYBamu oy ceuno (Pbl) i me-
tunamoniit itopup (CH,NH.I). Ik posunnnmk
BUKOPUCTOBYBa/lM 3HEBOJHEHUI [UMETUI-
cynppokcupn (DMSO, x.u.). [Ing orpuMaHHA
rmnisok CH,NH Pbl, Buxigni pearentn Pbl, Ta
CH,NH.,I y cniBBifHOmIeHH] 1: 2 pogunHsIn
y DMSO Ta nepemimysanu npu 70 °C ynpo-
noBX 1 roguan. PopMyBaHHA KPUCTATIYHUX
nnisok CH,NH,Pbl, nposogunn B cyxomy
6okci. IlonmepenHbO OTpUMaHWII IPO30OPMIL
PO3YMH HAHOCWIM Ha OYMILEH] IiJKIafgKyu
31 cKa MeTOfoM spin-coating 3i MIBUAKICTIO
1200 o6/xB npotsarom 30 c. Tepmiune o6po-
O/leHHs IUIIBOK IIPOBOAIINM Ha IOIEpPefHbO
Harpirint go 190 °C manrui npotarom 15 xs.

1A cuHTe3y MiTii-IPOBIJHMUX MarepiaiiB
Li, Al Ti, (PO,), 301b-renb-MeTOOM AK BU-
XifiHi peareHTV BMKOPUCTOBYBAIM KapOOHAT
nitito Li,CO, (x.4.), BogHMiI po3umH HiTpaTy
amominiro AI(NO,), (x.4.), gianeTnnaneroxar
piisonpominar turany (IV) C _H, O Ti (oc.u.),
85%-By opropocdopny kucnory H,PO, (x.4.),
65%-By asotHy kucnory HNO, (oc.4.), 25%-
i BomHUIt pogunH amiaky NH,OH (x.4.), mu-
MoHHY k1ucnory (CA) (X.4.) Ta eTU/IeHITIIKO/Ib
(EG) (x.4.). MeTomuKy CHMHTe3y JeTaabHO
omycaHo y pob6orti [15]. Sk xaromni MaTepi-
any BUKOPUCTOBYBA/IM KOMEPIiIHI 3pasKu
LiNi0.84C00.12A10.O402(NCA) > LiNiO.SMnO.ICOO.IOZ
(NMC 811) Ta LiNi ,Mn_,Co O, (NMC 111)
Bupo6HunTBa MTI Co.
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Ompumants KOMNO3UUIUHUX 0pP2aHO-He-
OpeaHiuHux ma nimii-nposioHux KamooHux
mamepianie. CTBOPeHHS KOMIIO3UIIIIHUX Op-
raHO-HEOpraHiYHMX MarepianiB BifbyBamocs
IIIXOM HaHEeCEeHHS PO3uMHy IomiMepy (Io-
niBiHin6yTupane PVB, noniBiHinigeHxmopuz
PVDC, mnuxknoonedpin konomimep COC) i3
KOHIIEHTpali€lo 1nomiMepy 5 mac. % y xmopo-
¢dopmi Ha li[]IiBKy ‘l'Iep.OBCI)KiTy CH,NH,Pbl,
METOJOM Spin-coating i3 moganbIINM TEPMOO-
6pobnennsam npu 85 °C ynpoposx 15 XBUINH.

CrBOpeHHA KOMIO3UIIHNX /MiTili-IPOBif-
HUX MarepianiB BifbyBamocsa nusxom ¢op-
MYBaHHA 3axucHoro mapy LATP na nosepxsi
YaCTMHOK KaTOJHMX MaTepialiB 3a JOIIOMO-
rOI0 JBOX METO/IiB — MEXaHiYHOIO 3MilllyBaH-
HA 3a3[aJIETiib CMHTE30BAHMX HAHOYACTNHOK
LATP i3 yacTMHKaMM KaTOIHOTO MaTepiamy Ta
BBEJIEHHAM YaCTMHOK KaTOJHMX MaTepiasib
y peakuiiiny eMHicTb mif yac cuHTesy LATP
307Ib-Te/Ib-MeTOOM. Y po6OTi ofepKaHO Ta
JOCTI/KEHO HACTYIHI IPYIIM KaTOAHUX MaTe-
pianis: 6e3 3axucnoro mapy LATP (Buxipni);
i3 saxmucHum mapom LATP, HaHeceHum Me-
XaHiYHUM MeTomoM (Hajami I03HAYarThCS
NMC_ (T)/ NCA_(T)); i3 saxucHuM mapom
LATP, HaHeceHMM 30Jb-T€/Ib-T€XHOJIOTiEI0
(NMC_, . /NCA | ). Karoguy wmacy Oymo
BUTOTOBJIEHO IIIAXOM 3MillyBaHHA BUXIif-
HIUX Ta MoaudikoBanux 3paskiB NMC i3 ca-
el Ta rpagiToM 3a criBBigHOIIEHD 85: 7: 4:
4 mac. % y posumHi nomisiHinifendropuny
(IIBA®) y N-metnn-niponigoni. Ipagir SFG-
6L ta caxy C65 6yno oTpuMaHO Bifi KOMIIa-
Hil Timcal, lIBeitnjapis. CycneHsiro HaHOCKUIN
Ha a/IIOMIHIEBMII CTPYMOBUI KOJIEKTOpP TOB-
myHoKw 20 MKM 3a [IOIOMOIOI0 aIliKaropa
DoctorBlade. [lns BupaneHHs opraHivHOTO
PO3YMHHMKA KOJIEKTOP i3 HAaHECEHOI KaToJ-
HOK MaCOI0 CYIIM/IM BIPOAOBX 30 XBUIMH 3a
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temneparypu 100 °C. Enextpon npoxkaTyBanm
4yepes BaJIKU JI/IA YIII/IbHEHH:A KaTOJHOTO Ma-
Tepiany. EnekTpony Bupisanu y BUITIAML JC-
KiB fiameTpoM 16 MM Ta [JOJATKOBO CYIIVJIN
3a remneparypu 120 °C ynpogosx 12 rop y Ba-
Kyymi. JliTieBuit enekTpoy 6y0 BUTOTOBIEHO
y pykaBuaHoMy 60kci pipmu MBraun (CIIIA),
3aII0OBHEHOMY aproHoM. BmicT mapis Bogu Ta
MOJIEKY/IIPHOTO KICHIO y OOKCi He TiepeBuIy-
BaB 5 MI/KI. AHOAV OYI0 BUPi3aHO Yy BUITLAAI
IOVICKIB liaMeTpoM 16 MM i3 miTi€BOI CTpiYKM
ToBIIMHOKW 0,4 MM. ExcneprMeHTanbHi 3pas-
ku JIIA 6yno moOynoBaHO 3 BUKOPUCTAHHAM
KOPIIyCHUX JeTajiell MEPBUHHMUX €IEMEHTIB
MoHeTHOI KoHCTpykKuii CR 2016. ¥V xopmyci
€/leMEeHTa PO3MilllyBa/i IPOCOYEHMI €/leK-
tpornitom (1 M posunuom LiPF, y cyminti pos-
YMHHUKIB — eTUIeHKapOOoHaT / AVIMeTHUIKap-
OOHaT / [ueTnIeHKapOOHAT y CIiBBiHOIIEHH]
1:1:1), cemaparop Celgard 2400 ToBUIHOO
25 MKM.

Obnaonanns. dazoBuil ckaaj 3paskiB
BCTAHOBJIEHO PEHTTeHOrpadiyHNMM MeTOLOM
3a gudpakTorpaMamMy MOPOLIKiB, 3HATNUX Ha
ycranoBli «JJPOH-4-07» (CuKa-Bumpomi-
HioBaHH: 1 Ni ¢inbrp) B inTepBam 20 = 5-50°
i3 xpoxoM 31ioMku 0,04° Ta excnosuuier 4 ¢
IJI1 OpPraHO-HEOPraHIYHMUX IIEPOBCHKITIB Ta
B iHTepBai 20 = 10-70° i3 KpoKOM 3J1IOMKU
0,02° Ta excnosuuierw 10 ¢ — g4 miTiit-po-
BiIHMX MaTepialis.

BumiproBanHa 3apapy/pospany mabopa-
TOPHUX HAIliBEJIEMEHTIB IPOBOAWIN 3a [O-
IIOMOTOI0 0araroKaHa/JbHUX IIOTEHIIIOCTATIiB
ARBIN (MITSProSoftwareMSTAT 32, Arbin-
Corporation, USA) i VMP3 (Bio-Logic-Sci-
encelnstruments, ®panuis). /1151 BcTaHOBINIEH-
HsA TIOBTOPIOBAHOCTI OJiep>KaHMX Pe3y/bTaTiB
6yno ocmimkeHo cepii 3 3-X KOMIpoK 3 ofjHa-
KOBJM CK/IaflOM €JIEKTPOJHOTO MaTepiaiy.
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Brnacmusocmi komno3uuitiHux nnieox Ha
0CHOBi 0P2aHO-HeOPeaniuHo20 NeposcvKimy ma
nonimepie. A CTBOPEHHA KOMIIO3ULIIHUX
OpraHO-HEOPraHiYHMX MaTepiajiB BUKOPUCTO-
ByBa/M TIiBKu meposcbkitry CH NH,PbL,, na
AKI HAaHOCW/IM IIap TOJIiMepiB pi3HMX TUIIIB:
HeYyT/IMBUII [0 Bojory (HOMiBiHiIOyTMpasb
PVB), HeuyTmuBuit 1o kucHo (Luknoonedin
kononiMep COC), 4y TmmBuii O BOTOTU Ta KIC-
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PeHUX KOMIIO3MIIIHMX MaTrepiajiB Ta IUIBKK
neposcbkity CH,NH,PbI, nposogumn mocri-
IKeHHsI CTIVIKOCTI J10 Iii BO/IOrM Ta KUCHIO (TIpyn
ocBiTnenHi). CTilIKicTb OTpMMAaHUX IUTiIBOK BJ-
3HaYa/Iy 3a BMiCTOM JOJATKOBYX KpUCTaTiYHNX
¢as, 0 YTBOPIOIOTLCA TIPY Aerpajarii IUiBoK
IIi/] BIVTIBOM BOJIOTY Ta KUCHIO (TIpY OCBIiT/IeH-
Hi) mpoTtsrom 500 gHiB (puc. 1).
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Puc. 1. PenTreHorpamu miiBoK MepoBChKITY, OTPUMAHMX TIPY CIIiBBiHOIIEHH] BUXifHUX peareHTiB Pbl :
CH,NH.I -1:2 y pogunanuky DMSO, Ta komMnosuiiitHux mwiBok neposcokit/nonimep: PVB, COC, PVDC.
Fig. 1. X-raydiffraction patterns of perovskite films obtained at a ratio of initial reagents PbL:
CH,NH,I-1:2 in DMSO solvent, and perovskite/polymer composite films: PVB, COC, PVDC.
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Ha puc.1 nokasano, 1110 I1iBKa I€POBCHKi-
Ty (1: 2) CH,NH,PbI, npu Brusi Bonorn ta
KUCHIO posknmanaerbca Ha CH,NH PbL-H,O
Ta PbIz. BogHouyac koMmo3uIifiHi TIiBKU
JerpagyroTb 3HAYHO IIOBiNbHille, HDK IIIiB-
ka meposcbkity CH,NH,PbL.. [Ina mnisok
nepoBcbkiT (1:2)/PVB cnocrepiraerscs pe-
rpajanis 3 yrBopenHam PbL-DMSO. [Ona
wriBok nepoBchkiT (1:2)/COC mopmaTkoBU-
MU ¢daszamy, SKi yTBOPIOIOTLCSA NPY JleTrpaja-
uii mip giero Bomorm ta kucHio, € PbO-xH O
ta PbL-DMSO. Ilpu BuUKopucTanHi moi-
mepy PVDC perpapanis neposcbkity (1: 2)
BiZIOyBa€TbCsI 4epe3 YTBOPEHHS TPbOX [O-
parkoBux ¢as: PbO-xH O, PbI-DMSO Ta
(CH,NH,) PbI -2H 0.
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= COC
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Bcranosneno, mo miiBKa opraHo-Heopra-
HiYHOTI'O IIEPOBCHKITY IIOBHICTIO PO3K/Ia/Ja€Th-
cs (ua 100%) mpotsrom 220 pHiB mij BIm-
BOM 30BHILIHIX 4MHHUKIB (puc.l). BogHouac
mniBKM 1epoBcbKiT/PVB, meposcbkit/COC,
nepoBcbKiT/PVDC  perpasiyloTb mpoOTATOM
220 gHiB IIif BOJIMBOM BOJIOTM Ta KMCHIO JIUIIIE
Ha 0,68%, 1,1% Tta 1,15% BixmosigHo (puc. 2).
Bukopucranna PVDC, COC, PVB cnpus-
JIO IIgBUIIEHHIO CTiMKOCTI MJIIBOK MO Ail BO-
JIOTY Ta KUCHIO (IIpY OCBiT/IEeHHi) IpPOTArOM
220 puiB y 87, 91 Ta 147 pasiB BifoBigHO.
Brpogosx nactynHux 280 pHiB mif mi€ro Bo-
JIOTY Ta KMCHIO KOMITO3UIII/IHI IIJIIBKM II€POB-
cpkiT/PVB, mneposcpkit/COC, mnepoBcbKiT/
PVDC pyiinyrorbes Ha 0,87%, 0,55% Ta 2,35%.

Puc. 2. Bmict fogarkoBux ¢as mig gac
merpagaiii KOMIO3MUIIIHMX IepOBCHKIT/
noniMepHux miaisok: 1 — PVB, 2 - COC,
3 - PVDC, 3anexHo Bifi 4acy BIUIMBY BO-
JIOTU Ta KUCHIO (TIPY OCBIT/IeHH])

Fig. 2. The content of additional phas-
es during the degradation of composite
perovskites/polymer films: 1 - PVB, 2 -
COC, 3 - PVDC, depending on the time

200 300 400

t, aui

0 100

Ha ocHOBI OTpuMaHMX 3HaueHb MOXXHA
CTBEPIKYBaTH, 1110 Ha 500-11 jeHb JOCTiIKEeHb
BuKopucranua nonimepis PVDC, COC, PVB
IUIL CTBOPEHHA KOMIIO3ULIMHNUX OpraHO-He-
OpraHiYHMX MaTepialiB JO3BOMUIO Ii|BUIIN-
TU CTIiMKICTh IUTIBOK JO Mil BOIOTU Ta KUCHIO
(mpu ocBiTenHi) y 29, 60 ta 65 pasiB Bigno-
BigHo. TakMM 4YMHOM, KOMITO3MIIiI/IHI IUIiBKM
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500 of exposure to moisture and oxygen (under

illumination).

nepoBcbKiT/PVB, mnepobchkit/COC Ta me-
poBcbKiT/PVDC € 3HauHO crifiKimmmu, HiX
IJIiBKA OPraHO-HEOPraHiYHOIO II€POBCHKITY
CH,NH,PbL,.

Bracmugocmi KoMno3uyitiHux KamooHux
mamepianie na ochosi NCA / NMC ma LATP,
[TpoBeneHo peHTreHogasoBuit aHamiz cepii
BUXiIHMX KaTofgHMX MaTtepianis tumy NCA /

23




®I3UYHA XIMIS

PO3POBJIEHHS KOMNO3MLIHWX MATEPIAJIB I3 MIABULLEHOH CTABUIBHICTHO

IONA EHEPTOTEHEPYHOYUX TA EHEPTO3BEPITAHOHUX CUCTEM

NMC Ta KOMIO3ULIHNX KaTOGHUX MaTepia-
niB 3 3axucHuM mapom LATP (1 mac. %), Ha-
HeCeHMX 3a TOIIOMOI'0I0 METOJ[iB MeXaHiYHOI'0O
3MillyBaHHA Ta 30/b-Tenb. Pesynbratm POA
IIpefCTaBIeHO Ha puC. 3. SIK BUHO 3 PUCYHKY,
pPEHTreHorpaMu BCiX 3pasKiB BiNIOBiAIOThH
reKCaroHajbHill IIapyBaTiil CTPYKTypi TUILY
a-NaFeO, 3 mpocrtopoBow rpymoo R-3m,
10 TMiATBEPIKYETHCA POSLIEITIEHHAM IIiKiB
(006)/(012). Ha peHTreHorpamax KaTOJHUX
MartepiasiB i3 3axyucHuum mapom LATP He crio-
CTepiraeMo IMiKy poMOOEeIPUYHOI CTPYKTYpH
NASICON, 110 110B’s13aHO 3 HU3bKMM BMIiCTOM
LATP y focnimpKyBaHuX CUCTeMax.
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Puc. 3. PenTtrenorpamy BuxigHux ta Mommdi-
KOBaHMX KaTogHux Mmarepianis tuny NCA/NMC.
Pumcpkumu umdpamy BigMideHO HasBHICTH 3a-
xmucHoro nmokputtss LATP Ta meTop 7ioro HaHe-
cenHsA: | — BuxifgHi katogHi Marepiany; IT — NCA/
NMC, (T); Il - NCA/NMC_ .

Fig. 3. X-ray diffraction patterns of initial and
modified cathode materials of the NCA/NMC
type. Roman numerals indicate the presence of
LATP protective coating and the method of its ap-
plication: I - initialcathode materials; II - NCA/
NMC_(T); IIl - NCA/NMC

sol-gel”
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Jna eneKTpoXiMiYHMX KOMIpOK i3 KaTopa-
MU, BUTOTOBJIEHVIMH i3 BUXiJHUX Ta KOMIIO3M-
nifiHux KatogHux matepianis (NMC/NCA_(T)
Ta NMC/NCAsol_gel), IIPOBEJIEHO TaJIbBAHOCTA-
TUYHE 3apA/-PO3PANHE IMK/ITyBaHHAB Jlialla3o-
Hi HanpyT 2,4-4,2 B 3a ryctunau crpymy 0.2 C.
PesynbraTy HaBemeHo Ha puc. 4.
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Puc. 4. 3apap/pospAnHi KpUBi epuUINX INUKIiB

KOMIpOK 3 BUXIJHUMM Ta KOMIIO3ULIIHMMM Ka-

tTopHuMM Marepiamamu: a — NCA; 6 - NMC 811;
B-NMC111

Fig. 4. Charge/discharge curves of the first cy-
cles of cells with initial and composite cathode ma-
terials: a - NCA; b - NMC 811; ¢ - NMC 111.
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Jna mocmipKyBaHUX MaTepiasliB po3paxo-
BAHO IIMTOMi €MHOCTI Ta HaBEJEHO 3HAYE€HHA
AQsamea AQp03pm1.’ sAKi BioO6pakaroTh Bigxu-
JIEHHS TIOYaTKOBMX 3apAAHMX Ta PO3PANHUX
€MHOCTE} KaTOAHUX MaTepiasiB i3 3aXVCHUM
MOKPUTTAM BifIHOCHO QAHAJIOTIYHMX 3HAYEHb
BUXIIHMX KaTORHMX MarepianiB (Tabmuis 1).
Take chiBBimHOIIEHHA NO3BOJAE OiIbII Ha-
OYHO OLIHUTU 3MiHY €MHOCTENl BHACIITOK
HaHeceHH: 3axycHoro nokputtsa LATP. 3a pe-
3y/JIbTaTaMI JOCTimKeHHs (puc. 4 Ta Tabm. 1)

BUXiJHMX Ta KOMIIO3UIIIIHNX KaTOOHUX MaTe-
piamiB (i3 3aXMCHUM IOKPUTTAM) BUSABIIEHO,
10 y BUMAAKy KaTogHux MaTepianiB NCA Ta
NMC 811 HaHeceHHA 3aXMCHOTO LIapy 3 HAHO-
yacTuHKaMy LATP Ha moBepxHIO KaTOZHOTO
Marepiany 3a HOIIOMOIOI 30JIb-T€/Ib-METONY
IPU3BOANTD [I0 3HAUYHOTO (>50%) 3MeHIIeHHA
IIOYaTKOBUX 3apsJ/pO3pANHIX EMHOCTEN I10-
PiBHAHO 3 BUXiIHMMM KaTOJHMMM MaTepiasa-
MU 6€3 3aXMCHOTO MTOKPUTTSI.

Tabmuus 1
IToyaTKOBi EMHOCTI BUXiJHMX Ta KOMIIO3MIIiITHNX KAaTOAHNMX MaTepiaiB i3 3aXMCHUM IIO-
kputtsam LATP
Table 1.
Initial capacities of initial and composite cathode materials with LATP protective coating.
Karomumnit 3apsHa EMHICTD, Pospsapgna eMHicTD, o o
MaTepian MATon/T MAron/T AQSaPﬂu-’ % AQPOSPM-’ %
NCA 151,08 149,33 - -
NCAm (T) 131,69 129,76 12,83 13,11
NCA_ 65,75 54,74 56,48 63,34
NMC 811 184,81 183,82 - -
NMC 811m (T) 152,51 151,24 17,48 17,72
NMC 811, 55,50 45,01 69,97 75,51
NMC 111 142,25 141,01 - -
NMC 111m (T) 138,43 137,23 2,69 4,42
NMC 111 129,69 128,41 8,83 8,94

Y 3B’43Ky 31 3HAUHUM MafliHHAM II0YaTKO-
BUX 3apAJ/pO3psANHUX €MHOCTEN, IMOJanbIli
€/IEKTPOXIMIYHI JOCHII[P)KeHHs KaTOJAHUX Ma-
tepianiB NCA ta NMC 811 i 3 3axucHuM ma-
pom LATP, HaHeceHUM 3071b-T€/Ib METOLOM, He
npoBogyIn. BopHovac 1i kKatopHi MaTepiann
13 3aXMICHUM IIIApOM, HAHECEHVM MeXaHIYHUM
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METOJIOM, JJEMOHCTPYIOTh MEHIIIEe NIafliHHA I10-
YaTKOBUX 3apsAf/pO3pANHMX €MHOCTell (Ha
piBHi 13-18%). ¥ Bunmagky NMC 111 nane-
CEHHS 3aXMCHOTO IIApy 3a JOIOMOTOK JIBOX
TOCTPKYBaHUX METOJIiB He CIIPUYNHAE Be/IN-
KIX BTPAT IMTOMMX €EMHOCTEN KaTOZHUX Ma-
TepiajiB, a IPU3BOAUTD JIMIIE JO HE3HAYHOTO

25




®I3UYHA XIMIS

PO3POBJIEHHS KOMNO3MLIHWX MATEPIAJIB I3 MIABULLEHOH CTABUIBHICTHO

IONA EHEPTOTEHEPYHOYUX TA EHEPTO3BEPITAHOHUX CUCTEM

iX 3MeHIIIeHHs BiTHOCHO BUXiJHOTO KaTOTHO-
ro MaTepiany.

Ha puc. 5 HaBefeHO 3a/IeXXHICTh MUTOMOI
€MHOCTI BUXiTHUX Ta KOMOO3UIiTHMX KATOI-
HUX MaTepiajiB Bifl TyCTUHU CTPYMY 3apsAny/
PO3pARY B [lialasoHi Hanpyr 2,5-4,2 B.
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Puc. 5. [IutomMa €MHICTh BUXITHUX Ta KOM-
MOSULITHNX KAaTOJHMX MaTepiajiB i3 3aXMCHUM
mapoM LATP 3a pisHux ryctus ctpymy: a — NCA;
6 - NMC 811; .- NMC 111

Fig. 5. Specific capacity of the initial and com-
posite cathode materials with a LATP protective
layer at different C-rates: a - NCA; b - NMC 811;
c-NMC111.
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BoueBnapb nmuToMa eMHICTh BCiX 3pasKiB 3i
301/IbIIIEHHAM TYCTUHU CTPYMY 3MEHIIYETHCA.
Baprto 3a3HaunTy, 10 IPUAATHICTD KATOTHUX
marepianiB NCA ta NMC 811, mopudiko-
BaHMX METONIOM MEXaHIYHOro 3MillyBaHHS,
IO ILIBMUJKOTO 3apsf/poO3pAJHOTO Ipolecy
IIOCTYNAITbCA BUXIJHMM KaTOJHMM MaTepi-
amam (puc. 5 a, 5 6), OCKinbKY iXHi €MHOCTI
3MEHIIYIOTbCA Oinbln cTpiMKoO 3i 36imbIieH-
HAM CTPYMOBOTO HaBaHTa)XEHHA. Y BUIIAJKY
NMC 111 karopumit matepian, Mopudikosa-
HUJ MEXaHIYHMM METO/IOM, JEMOHCTPYE Kpa-
11y IPUJATHICTD [0 IBUIKOTO 3apsA[/pO3pAa-
HOTO IIPOLIeCY, TOAI AK KaTOAHMII MaTepial,
MozviKoBaHUI 3071b-Te/Ib-METOLOM, MOCTY-
naeTbcA Buxifnomy NMC 111 3a 3a3HaueHOI0
xapakrepuctukow. €muictre NMC 111 _(T)
nepesuulye eMHicTh Buxiinoro NMC 111 3a
Pi3HUX CTPYMOBUX HaBaHTa)XeHb Ha 4-6 %.

BpaxoByoun BuiiesasHayeHe, MOXKHA 3pO-
OUTU BUCHOBOK, II0 HaHECEHHS 3aXMCHOTO
mapy 3 HaHodacTuHoK LATP nossonde min-
BUILUTY NUTOMY €MHICTb KaTOZHOTO Mare-
piamry NMC 111 3a BUCOKUX T'yCTUH CTPyMY,
OJIHAK IIeMl IiJIXifi He IPU3BIB IO MOKpaleH-
Hs IPUAATHOCTI 1O MIBUJKOTO 3apAJ/po3pAa-
HOTO mpoliecy KarogHux marepianis NCA Tta
NMC 811.

Ha puc. 6 nokasano pesynbraTy rajabBaHO-
CTAQTMYHOTO IIVIK/TyBaHH: Ta00paTOPHMX HaIi-
BeJIEMEHTIB i3 KaTomaMM Ha OCHOBI BUXiTHUX
Ta KOMIIO3MLITHUX KaTOAHUX MaTepiasiB 3 -
TIEBMMM IIPOTUENIEKTPOJAMU 3a TEMIIEpaTypu
12 °C y pianasoni Hampyr 2,7-4,3 B 3amicTb
4,2 B, AKi BMKOpPUCTOBYIOTb 3a3BM4ail. 3HU-
JKEHHS TEMIIEPaTypy Ta MiBUIIEHHA HaIIPyTu
IIpY UUK/IYBaHHI [JO3BOJIAE Kpallle BUSHAUYNUTH
BIUIMB 3aXVICHOTO IIOKPUTTs, OCKI/IBKM LI 3Mi-
HY TIPU3BOJATD 10 30i/IbIIeHHS IBUKOCTI fie-
rpafialil XapaKTepUCTHUK KaTOJHOTO MaTepiamy
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[16, 17]. Ockinbky 3MeHIIEHHS EMHOCTI KOMi-
POK IIifj 4ac TPMBA/JIOro LMKIyBaHHsS HalliBe-
MEHTIB 3arajioM II0B J3aHO 3 HU3bKOK LVIKJ/Ii4-
HOI0 CTabimpHicTIO niTieBoro enekrpoma [18]
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Ta YTBOPEHHAM JEHJPUTIB Ha J1OTO IOBEPXHI,
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Puc. 6. 3mina nmnToOMOi EMHOCTI BUXiTHUX Ta KOMIIO3UIITHNX KaTOJHMX MaTepiasiB
i3 3axmcHUM noxkputtaM LATP Brpofosx 3apsAn/po3psgHOro UMKIyBaHH:A
3aryctynu ctpymy 0.2 C:a - NCA; 6 - NMC 811; B - NMC 111

Fig. 6. Change in the specific capacity of the initial andcomposite cathode materials with
a protective coating of LATP during charge/discharge cycling at a current
density of 0.2 C:a - NCA; b - NMC 811; c - NMC 111.

https://ucj.org.ua

27




®I3UYHA XIMIS

PO3POBJIEHHS KOMNO3MLIHWX MATEPIAJIB I3 MIABULLEHOH CTABUIBHICTHO

IONA EHEPTOTEHEPYHOYUX TA EHEPTO3BEPITAHOHUX CUCTEM

3 puc. 6 a BUJIHO, 11J0 EMHICTb KaTOJHOTO
Marepiany NCA i3 3aXMCHUM IOKPUTTAM, Ha-
HECEHMM MEXaHIYHUM MEeTOJOM, ITOCTYTAETh-
¢ €EMHOCTI BUXIJJHOTO KaTOJHOIO MaTepiamy
Ha BCbOMY iHTepBasi IMKIyBaHHA. Hanecen-
HA HNOKpUTTA 3 HaHo4yacTMHOK LATP nosso-
Nfl€ 3MEHIINTHU TAJiHHA €MHOCTI BIPOJOBX
3apAJ/po3pAJHOrO UMKIYBaHHsA, aje He IpU-
3Be€JIO0 JI0 CYTTEBOTO Mi/IBUIIEHHA CTabiIbHOC-
Ti XapaKTepucTuK KaTopHoro marepiamy NCA.
s NMC 811 (puc. 66) moyaTKkoBa €MHiCTh
BJXi/THOTO KaTOIHOTO MaTepiajy 3Ha4HO Iie-
peBHMINy€E MOYATKOBY €MHICTb KaTOJHOIO Ma-
Tepiany i3 3axucHuM nokputtam LATP. Takox
CITif BigMiTUTH, 110 KaTogHMIT MaTepian NMC
811 _(T) memoHcTpye 3HauHO 6inbuI cTpiMKe
3MEHIIEHHA €MHOCTI BIPOJOBX 3apAn/pos-
PASHOTO LUVK/IyBaHHA IOPIiBHAHO 3 BUXiTHUM
KarogHuM matepianom NMC 811.

XapakTep 3MiHM €MHOCTI KaTOZHUX MaTe-
pianie NMC 111 BopofoBsx 3apsp/po3pAnHO-
ro UMK/IYBaHHA ICTOTHO BifipisHAeTbcA. Bu-
xigauit karoguuit marepian NMC 111 Ha no-
9aTKy 3apsj/pO3pANHOrO IMK/ITyBaHHA XapaK-
TEPUSYETbCA BUILOK EMHICTIO, HDK KaTOMHI
MaTtepianu i3 3axucHuM mapom LATP. Ognak
eMHicTh BuxigHoro NMC 111 cTpiMKO 3MeH-
uryerbeA micnd 60-ro UKy, TOAL AK KaTO[HI
matepiamu NMC 111 _(T) ta NMC 111501_gel
JeMOHCTPYIOTb 3HAUYHO Kpally CTabibHICTB.
Ile mpusBoguTH KO TOrO, IO Micna 60-ro u-
K1y oO6upaBa katopHi Marepinu 3 mapom LATP
MaIOTh BMIY €MHICTb, HDK Buxigamit NMC
111. ITamiHHA €MHOCTI I BUXiTHOTO KaTo[-
Horo Marepiany NMC 111 na 80-i1 uuki cra-
HOBUTD ~ 6%, TOMOI IK KOMITO3UIilIKi KaTOHI
MaTepiany XapaKTepU3YHTbCA IiBULEHHAM
PO3pAJHUX €MHOCTEN B IIpolLieci 3apAn/pos-
pagHoro umkmysanHa. [na NMC 111 _(T)
€MHICTDb 36ibIIyeThCA Ha ~ 4,5% BIIPOIOBXK

28

80 mwmkmiB, a gags NMC 1118017gel - Ha 8%.
[le MOXXHa HOACHUTM YaCTKOBOKW AMPy3i€ro
IOHIB TUTaHY Ta a/JIFOMIiHIiIO i3 3aXMCHOTIO 1Iapy
B 00’eM KaTtogHOro Marepiasny. Lle mpusBoguTh
[0 3MiHM PO3Mipy i0OH-IIPOBiIHMX KaHAJIB Ta
MIOKpallye XapaKTePUCTUKM KaTOJHMUX Mare-
piasiB, Ha 110 TAKOXX BKAa3YIOTb aBTOPY HU3KI
mpaup [19-21].

BJICHOBK. Po3po61eHO METOAVIKY CTBO-
PEHHA KOMIIOSULIIHMX OpraHO-HEOpTraHiy-
HUX MarepiajiiB LIIAXOM HaHECEHHS ONTUY-
HO IPO30pUX MOJIMEPiB Ha MOBEPXHIO Opra-
HO-HeopraHiuHoro neposchkity CH,NH, PbI,
Ta KOMIIO3MIIIIHMX KaTOJHMX MaTepialiB
HUIIXOM Mopmdikalii moBepXHi KOMepIiTHNX
Katopuux MarepianiB turny NMC/NCA Ha-
HOYaCTMHKaMM OKCUJHOIO JIiTiii-IIpOBifHO-
ro matepiamy LATP. IlokasaHo, 1110 3a/1€KHO
Bifl TuIy moniMepy BifOyBaeTbcs merpapariis
neposcbkiTy CH,NH, PbI, 4epes yrBopenns
Pi3HOI KiJIbKOCTi JOJATKOBUX KPUCTaTiYHMX
¢a3. BcraHoB/IeHO, O IUIiBKAa IEPOBCHKITY
(1:2) CH,NH,PbI, noBHicTio posknafaerbcs
Ha PbI2 Ha 220-11 geHb IIiJ BIUIMBOM BOJIOTU
Ta KHUCHIO0. Bukopucranna nomnimepis PVDC,
COC Ta PVB 3HayHO mifiBMIIYE CTilIKiCTbh
ITiBOK IEPOBCHKiT/moniMepy mo fil Bomorn
tTa KucHi0 (mpu ocsiTienHi). Ilix BmmBom
BOJIOTY Ta KUCHIO NpoTAroM 500 gHIB IIIBKK
neposcbkit/monimep: PVB, COC Ta PVDC
merpapyoorh aume Ha 1,55%, 1,65% Ta 3,5%
BifiIOBigHO, 10 y 65, 60 Ta 29 pasiB MeHIle,
HDK 11 4ncroro meposcbkity CH,NH,PbL..
Ile cBiguUTH MPO 3HAYHO BUILY cTabinpHICTD
KOMIIO3ULIIHNX MaTepiaiB.

BusaBneno 3anexHiCTh e1eKTpOXiMiYHMX
XapaKTEepUCTUK KAaTOAHUX MaTepialiB BiJl Me-
TOJLy HAHECEHH: 3aXVCHOTO IIOKPUTTA (MeXa-
HiYHe HaHeCEeHHs i 30/b-Telb MeTox). Bcra-
HOBJIEHO, 11O /I KOMIIO3UITHUX KAaTOTHUX
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MatepianiB Ha ocHoBi NMC 111 nafiiHHA €M-
HOCTI BIpOJoBX 80 LMKJIiB 3apAJ/ pO3PAAHOTO
LUK/TyBaHHA 3MeHIIyeTbcsa Ha 10-14% mopis-
HAHO 3 BuxiguuMm NMC 111. BogHovac npu-
IaTHICTD KaTonHoro matepiamry NMC 111_(T)
[0 HIBUAKOTO 3apsj/pO3PARHOIO IMPOLECY €
Ha 4-6% BUIION0, HDK Y BUXIJJHOTO KaTOJHO-
ro marepiany. lle moB’s13aHO 3 MigBUIEHHAM
IOHHMX TIPOBiTHOCTEI KAaTOMHOIO MaTepiamy
i3 3axucaum mapom LATP nopiBHAHO 3 BU-
XigHMM KarogHuM MarepiazoM. IlokasaHo,
IO CTBOPEHHA KOMIIO3MLITHOIO KaTOMHOTO
Marepiajly Ha OCHOBI KaTOJHMX MaTepialiB i3
BucokuM BMicTtoM Hikemo (NMC 811 Ta NCA)
Ta Ha”Ho4acTNHOK LATP o6oMa mociimxeHn-

MI MeTOJAaMIU HIPU3BOAMUTL MO IOTipLIEHH:A
eIeKTPOXIMIYHMX XapaKTepPUCTUK KATOXHUX
MarepiaJiB.

=—> Po6ory BuKkoHaHO 3a diHaHCOBOI mif-
g/r tpumku HAH Ykpainu B pamkax npo-
eKkTy «CHHTe3 Ta JOCHiPKeHHs HaHO-
po3MipHuX PyHKIIiOHATIBHNMX MaTepia-
JiB J/Is1 eHePTOTeHEePYIOYNX Ta eHePro-
36epirarounx cucrem» / «Synt hesis and
investigation of nanoscale functional
materials for energy-generating and
energy-saving systems» (peecrpamiii-
Huit Homep 0123U103024).

I
DEVELOPMENT OF COMPOSITE MATERIALS

WITH INCREASED STABILITY FOR ENERGY-
GENERATING AND ENERGY-SAVING SYSTEMS.

P.V. Torchyniuk, 1.V. Lisovskyi, A.G. Belous

V.I. Vernadsky Institute of General and Inorga-
nic Chemistry of National Academy of Sciences
of Ukraine,

32/34 Acad. Palladina ave., 03142 Kyiv, Ukraine
* e-mail: pasha.torchyniuk@gmail.com

Techniques for creating composite organic-
inorganic materials by applying optically
transparent polymers to the surface of the or-
ganic-inorganic perovskite CH,NH,PbI, and
composite cathode materials by modifying the
surface of commercial cathode materials of the
LiNi Co Al O,/LiNi Mn Co,O,(NCA/NMC)
type with nanoparticles of lithium oxide con-
ductive material Li ,Al Ti (PO,), (LATP)
have been developed.

https://ucj.org.ua

It was shown that, depending on the type
of polymer, CH,NH_PbI, perovskite degrades
due to the formation of different amounts of
additional crystalline phases.It was established
that the degree of degradation of the perovskite
(1:2) CH,NH,PbI, film is 100% after 220 days
of influence to moisture and oxygen. Un-
der the influence of moisture and oxygen for
500 days, perovskite/polymer films: PVB, SOC,
and PVDC degrade only by 1.55%, 1.65% and
3.5%, respectively, which is 65, 60 and 29 times
less than for pure perovskite CH,NH_PbI..

The dependence of the electrochemical
characteristics of a layered cathode material
containing NCA/NMCon the method for ap-
plying a protective layer (mechanical applica-
tion and sol-gel method) of nanoparticles of
the lithium-conducting material LATP with
a NASICON structure to its surface has been
studied.It was found that for composite ca-
thode materials based on NMC 111, the ca-
pacity drop during 80 charge/discharge cycles
is reduced by 10-14% compared to the initial
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NMC 111. At the same time, the suitability of
the cathode material NMC 111m(T) for the
rapid charge/discharge process is 4-6% hi-
gher than that of the initial cathode material.
It is shown that both investigated methods of
creating composite materials based on cathode
materials with a high nickel content (NMC 811
and NCA) and LATP nanoparticles do not lead
to improvement of their electrochemical cha-
racteristics.

Keywords: solar cells, organic-inorganic
perovskite, lithium-ion batteries, cathode ma-
terials, stability of characteristics.
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Y 3asHadeHiit po6OTi MOKa3aHO MOX/IMBICTb 3aCTOCYBAHHA METOJy aHOIHOI iHBepCiitHO1
Bonbramnepometpii (IBAM) Ha enekTposax Ha OCHOBi HAHOKPMCTAIYHNX TOHKUX IIiBOK
MozndikoBaHOro iTpieM JIiOKCHAY TUTaHY s BUABIEHHA BMicTy cBuHIpO (II) Ta BogHO-
9yac KMCHIO 3a IXHbOI CIIIBHOI IPUCYTHOCTI B PiJHAX, 110 € aKTya/JIbHUM 3aBJaHHAM IIpU
PO3pOO/IeHH] eIeKTPOXiMiYHUX MY/IBTVICEHCOPIB TOKCHYHVX PEYOBMH Ta KUCHIO Y PigKux
cepepiopuiax. CBMHELb BM3HAYa/IM IiJ] YaC CKaHYBaHHA aHOMHOTO NOTEHLialy Mic/Id 1O-
IIePEIHbOTO €IEKTPOKOHIIEHTPYBAHHS €IEKTPOJY B PO3YMHI €IeKTPOIITY i3 BMICTOM iOHiB
Pb(II); xuceHb — Ipy KaTOZHOMY CKaHYBaHHi IOTeHIIiany. BMBYeHO BIUIMB YMOB €/1€KTpPO-
HaKONMYeHH: (IoTeHIiay i yacy), ckyay pOHOBOTO €/1eKTPOJIITY, @ TAKOX CTOPOHHIX i0HiB
Ha aHaniTiaHui curian (AC) ceunio (II). 3anexxnicts AC cBUHINIO Bij KOHIIeHTpalii ioHiB
Pb(II) B enextponiti Oyna niHiitHOW0 B fiama3oHi KoHIeHTpanin 0,01-8 mr-m'. MakcumanbHa
9y TIMBICTD €IEKTPOJiB O PO3UMHEHOr0 KUCHIO Majia 3Ha4eHH: (3+6)-10° mr-1", no Pb(II) -
0,01 mr-1%.

Knro4oBi cnmoBa: iHBepciiiHa BONbTaMIIEPOMETPisl, JIOKCUJ, TUTAHY, CBUHELIb.

BCTYII. CBuHenp — 1ie TOKCMYHMIT MeTal, HU IIKiJ/IMBO BIUIMBAE HA HEPBOBO-TICUXITHII
IIMPOKE 3aCTOCYBaHHA SKOTO IPU3BENO [O PO3BUTOK Y JiTel, IiIBUIIYE apTepiabHMUi
3HAYHOTO 3a0py/IHEHHS NOBKI/UIA 11 BUHMKHEH- THUCK 1 BUK/IMKA€E ypaKeHHs HUPOK i aHeMilo
HA Tpo06yieM 3i 3[OPOB’sSIM JIIOfIEl y 6aratbox [1]. HeBposoriuni Ta moBeqiHKOBI HaCTigKM
Kkpainax. Hakonuenns Pb B opranismi mofy- BIUIMBY CBUHII0 BBa)KalOTb HE3BOPOTHMMI.
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B opranism nroguHM BiH IPOHMKAE FOTIOBHUM
YYHOM 4Yepe3 OpraHy [UXaHHA 1 TpaBJIeHHA.
Bupmangerbca 3 opraHismy Jy>e IOBi/IBHO,
BHAC/Ii/IOK 4OT0 HAKONMYYETHCA B KiCTKaX, ITe-
giHni Ta HUpKax [1]. Ilpupoguumn mxepena-
MM HaJIXOJPKEHH: CBUHIIIO B IOBEPXHEBi BOAY
€ TIPOLIeCY PO3YMHEHHS eHIOTeHHNX (TaIeHiT)
i ek30reHHMX (aHITIe3UT, LIEPYCUT Ta iH.) MiHe-
paniB. 3HaYHe MiIBUILEHHA BMICTY CBUHIIIO B
HaBKOIMIITHbOMY cepemoBuii (y T. 4. i B mo-
BEPXHEBUX BOJIaX) IIOB'A3aHO 3i CIIa/IIOBAHHAM
BYTi/I/IA, 3aCTOCYBaHHAM B MOTOPHOMY Ia/IN-
Bi, 3 BUHOCOM y BOZ{Hi 00'€KTU 3i CTIYHMMM BO-
[aMy BUKUJAIB pyfno3baradyBanbHux $Gadpuxk,
HNEeAKUX MeTalypriiHuX 3aBOJIB, XIMIYHMX
BUPOOHUITB, MaxT i T. /. CyTTeBMMU (paKTo-
paMi 3HVDKEHHA KOHIEHTpallil CBUHIIIO Y BOZ1
€ azicopO1ist JIOro KOMOITHMMM peYOBMHAMM
Ta CYCIIEH31AMM i OCA/I)KEHHSA 3 HUMU B JJOHHI
BimKageHHA. B unci iHImx MeTastiB CBUHEIb
BUBOJUTbCA i HAKONMYYETHCA BOTHUMMU Op-
ra"ismamn. [paHryHa HOpMa CBMHIIO y BOZi
BOJHUX OO'€KTiB IS 3aJJOBOJICHHS NNUTHUX,
TOCIIOAAPChKO-TIOOYTOBUX Ta iHIIMX MOTped
HaceneHHs craHoBuTh 0,03 Mr-am~ [2]. Tomy
PO3pOOIEHHA YyT/IMBUX METOJIB [/l BU3HA-
YeHHA Ma/lMX KOHIIEHTpallill CBMHII0O € aK-
Tya/lbHOIO TeMow. KpiM Bu3HaYeHHA BMiCTy
CBMHIJIO aKTya/IbHUM 3aBJIaHHAM y 6araTbox
BUIIAJIKaX € TAKOX BM3HAUEHHA KOHILIEHTPaLlii
KJICHIO, KU Biflirpa€ BaXK/IMBY POJIb B OKIC-
JIIOBA/IbHO-BIZHOBHUX IIPOLIECaX 1 MOXe CIIy-
KUTY iHAMKATOPOM CTaHy 6i0/0ri4HMX 00’ €K-
TiB Ta >XMBUX OpraHi3MiB.

J71a BU3HaueHHA Ba)KKUX MeETaliB, y TOMY
YUC CBUHIIO, HAVOUIBII YyT/IMBUM, CeJeK-
TUBHVM i BITHOCHO IIPOCTUM METOJIOM aHa i3y
€ inBepciitHa BonbTamnepometpis (IBAM) [3].

Hapssuyarina gyrmmsicte meTomy IBAM
MOSICHIOETbCSI €TallOM IIOIEPENHbOrO KOH-
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LIEHTPYBaHHA, IIiJj 4aCc AKOro MeTanu, AKi
IpPUCYTHI Y pO34MHi y cBOIi1 KaTioHHiNT popmi
(Hg**, Pb**, Cd*'...), eneKTpOBiIHOBTIOIOTHCA
[0 BIfTIOBIZHOTO MeTaay Yy iHIIMX IPOMiXK-
HYX CIONYK i HAKONMYYIOThCA Ha poOOYOMY
enekTpopi. IIporec HaKONMYEeHHs €/1eMEHTIB
Ha POOOYOMY eeKTPOfi POBOAATH 3a 3ajia-
HIX 3Ha4eHb IIOTEHIlia/ly Ta 4acy e/IeKTPOKOH-
LeHTpyBaHHA. Ha HacTynmHoMmy erami 3acro-
COBYIOTb aHO/IHE CKaHyBaHHA IIOTEHIiay, i
Yac SKOTrO BijOyBaeTbCsl OKMCHEHHS IIPOJYK-
TiB €IeKTPOKOHLIEHTpyBaHHA. L]a enexTpoxi-
MiYyHa peakllisa 3as3BuUYail CYIPOBOIKYETHCA
CTPYMOM, IIPONOPLIHMM Ki/JIbKOCTi iOHIB
MeTaJly, I0YaTKOBO IIPUCYTHIX Y pO34MHi, i 3a-
Oe3redye BUCOKY YYyTIUBICTb MeTORy. Takum
YMHOM €JIEKTPOM, fIKi BUKOPMCTOBYIOTH 3a
MmetonoM IBAM, ABIAIOTH CO600 YHiKaTbHUI
TUI XiMIYHMX CEHCOPIB, Y AKUX IIPOLeCH Ha-
KOIIMYEHHA 1 OKMCHEHHA IPOAYKTIB peaKijii
pospineni 3a yacoM. IIpu nbomy KoxkeH mpo-
IYKT KaTOJHOTO BiTHOB/IEHHA TOKCUYHMX €JIe-
MEHTIB OKMCHIOETHCA 3a IIEBHOTO IOTEHIiay,
110 3a0e3Ieyye CeNeKTUBHICTb METOLY.

SIK aKTMBHI €IeKTpOAM 3a METOOM iHBep-
Ci/iHOI  BO/IbTaMIIEPOMETpPil  BUKOPUCTOBY-
I0Tb PTYTHi enekTpomy [4], pTyTHO-IUTiBKOBi
[5-7], amanbramHi [8], Takox pisHi Bupn 6e3-
PTYTHUX €/IeKTPOJiB: IIJIIBKOBI €IEKTPOAM 3
6icmyty [9-11], ByrinbHi IacToBi enekTpo-
M, BYTiIbHI enekTpoau 3 TpadapeTHUM Apy-
KoM, MoaudikoBaHi pisHMMM MaTtepianamuy,
TaKUMU SIK BYIJIelleBi HAHOTPYOKH, rpadeH i
nomiMepn [12,13], CKIOBYI/IeLleBi eeKTPOAN
[14-17], mopudikoBaHi HaHOYACTMHKAMM 30-
JIOTa €EKTPOJY Ha OCHOBI BYITIELIEBMX MarTe-
pianis [18], TOHKI IUTiIBKYM MeTaliB Ta OKCUAIB
MeTaiB [19, 20], a TAKO>XK KOMIIO3UTHI TOHKO-
IUTiBKOBI eftekTponu [21]. Sk doHOBi po3unHm
BUKOPUCTOBYIOTb Pi3Hi €IeKTPONITU: pO3un-
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Hu Heoprasiyaux ( HCI, HCIO,) i opraniunmx
KMCIOT (MYpalIMHOI, o1TOBOI) [22], a Takox
6ydepHni pozunum (amiagyHW, alleTaTHMI).

IIniBKOBi pTYTHI eleKTpoaM 3 MifKIagKa-
MU 3 O7IarOpOfHMX MeTaliB a0 ByIJeleBUX
MaTepiaiB 3HaJIIIN IIMPOKE 3aCTOCYBAHHS B
AHATITUYHUX Ta00PATOPISIX 1T OFHOYACHOTO
BM3HA4YeHHS BAXXKUX MeTasliB MeTogoM IBAM,
afpke MopugiKyBaHHS HOBEPXHi €lTeKTPOAiB
PTYTTIO 103BOJISAE 6arato B 4YOMY 3MEHIIVUTH
a00 BUK/IIOYNTY B3aEMHUII BIUIMB BOJHOYAC
0Ca/KyBaHMX MeTaniB. OfHAaK HEZOCTAaTHHO
BiiTBOpIOBaHi yMOBU (GOpPMYBaHHS IUIBKO-
BUX IIOKPUTTIB HAa HEOMHOPIJHIN ITOBEpPXHi
OigKIagKN, IXHsS HEeCTIMKICTh Ta 3MiHa aHaJIi-
TUYHUX XapaKTEPUCTUK y IpoLeci BUMIipIo-
BaHHS, HEJOBTOBIYHICTh IIITKJIAJIKM, B3aEM-
HUII BIVIMB KOMIIOHEHTIB yCK/IAJHIOIOTh IIPO-
BeJleHH aHaslisy.

Y pob6orti [17] BM3HaUeHHA CBUHIIIO IIPOBO-
IOVIN 32 aHAIITUIHUM curdanaom ceuHIo (11),
OJlep>KaHMM 33 AHOJHOI PO3TOPTKM IOIAPU3Y-
10Y0i HAIIPYT¥ 3 BUKOPUCTAHHAM 0e3pTyTHO-
TO BYITIECUTA/IOBOTO €/IEKTPORY Yy (HPOHOBOMY
€JIeKTPOJIiTi Ha OCHOBI X/10pHOI KMcnotu. Op-
HaK HefIo/IiKOM CIIOCO0Y € J0aBaHHs PO3YNHY
ionis Hg(II) mo ¢oHOBOTO enexTponiry, xo4a
eBpornericpka aupekTuBa (European Directive
2008/105/EC) 3a60poHsi€ BUKOPUCTAHHSA PTY-
Ti B aHai3ax MUTHOI BOM.

Bigomuit croci6 Bu3HaYeHHS KOHILIEHTpa-
uii ceuuio (II) 3a pomomororo iHBepciitHOT
BOJIbTaMIIEpOMETPii Ha TOBCTOIIIIBKOBOMY
rpadiTBMiCHOMY eneKkTpopi, MoxugikoBaHO-
My ¢opmazaHoM [23], fe AK eNeKTPONT BU-
KOPMCTOBYBA/IM alleTaT HaTPilo 3 JOfaBaHHAM
xnopupay Harpio. Hepmomikom 1poro crocoby
€ HeraTVBHUI BIUIMB PO3YMHEHOIO KMCHIO Ha
BUMIipIOBaHH: Ta HEOOXiIHICTD 110TO BU/ja/IeH-
Hs 3 PO3YMHY IIPY aHAJTi3i.

https://ucj.org.ua

Bimomi Takoxx criocobu 3actocyBaHHS iH-
X 0e3pTYTHUX €NIeKTPOJIB [/ BU3HAYEH-
Hs KoHIeHTpanil Pb(II) metomom IBAM: Ha
OCHOBIi BYTi/IbHO-IIACTOBOTO €/eKTpORy [24],
BicMyTOBOTO eneKTpony [25], 3omororo [26],
IUIATVHOBOTO eNIeKTpoRy [27], emekTpopy Ha
ocHOBi cpibma [28], a TakoX eneKTpofiB 3i
cknoByrenio [29, 30]. Ii enexTpopn MarTbh
HU3bKy Mexy BusaBneHHA Pb(II) i maneHpky
NOXVOKY, OZHAK € CKJIAJHVIMMI i JOpOIMMU Y
BurotoBneHHi. Tak, Hampukmaj, 0co61MBO
YYTIUMBMMM €EKTPOJaMI € CKJIOBYIJIEle-
BUI e€/eKTPOf, MoAM}IKOBAaHUI CKIaJHOIO
wiiBkoo Nafion, 6icMyTOBUIT €l€KTPOf, IO-
KpuTnit HadioHOM, eneKTpoau, MoxudikoBa-
Hi IJTIBKOIO 30710Ta 3 Me)Xel0 BU3HAYeHHs —
0,02 mxr-" s Pb*; kpyrmmit cpiOHuMit enext-
pon i3 Mexxeto BusHaueHHs1 — 0,04 mkr-l! s
Pb*; BicMyTOBUII €/1eKTpPOf, i3 MeXKel BM3HA-
yeHHd — 0,1 Mxr-1'ma Pb?.

HepgomikoM OilbIIIOCTI METOAUK BOJIbTAM-
IIEPOMETPUYHOTO BU3HAYEHHA CBUHIIO 3 BH-
KOPUCTaHHAM PO3IIAHYTUX €/IeKTPOJiB € He-
TaTVBHUI BIUIMB PO3YMHEHOTO KVCHIO Ha BH-
MipIoBaHHS Ta HeOOXi/JHICTD JIOT0 BUIAIEHHSA
3 pO34MHY IIPY aHA/Ti31, i HEMOXKIMBICTD IXHbO-
IO BUKOPUCTAHHA I CIIIBHOTO BU3HAYEHHA
BMICTY KMCHIO Ta CBMHIIO Y PiIKMX CE€peNOBMU-
11aX, 110 3yMOBJIEHO HM3BKOI KaTa/TiTMYHOIO
aKTMBHICTIO €/IEKTPOIiB Ta iXHbOIO HeCTabi/Ib-
HICTIO 3a CIII/IbHUX BUMIipiB KOHLIEHTPALil X
PEYOBNH; a TAKOXX BUKOPUCTAHHA TOKCUYHUX
(pTyTHMX) 400 CKIaJHMX 1 JOPOTMX Yy BUTO-
TOBJIEHHI €/IEKTPOJiB.

Jnd ciiZbHOTO BUABJIEHHA BMICTY CBUH-
o (II) Ta KMCHIO B PiIKMX cepefoBUIAX MU
BUKOPUCTA/IM TBEPAL €IeKTPOAY, aKTVBHUIA
Iap AKUX MICTUB IUIIBKY HaHOZVCIIEPCHOTO
IiOKCUAY TUTaHY, MOM(}iKOBAaHOTO i0HaMM iT-
pito (III), AKi IPOAB/IAIM BUCOKY KaTa/liTUIHY
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aKTUBHICTb y TIpOLeCl €1eKTPOBIJHOBIEHHA
KycHIo [31].

MeTta po60TI — BCTaHOBJIEHHS MOXIUBO-
CTi CHIIJIBHOTO BUABJIEHHA CBUHIIKO 1 KIUCHIO
MetozioM IBAM i3 BUKOPUCTaHHAM CUHTE30-
BAaHMX IHJVKAaTOPHMUX €/IeKTPOAiB Ha OCHOBI
I1iBOK Mozin(ikoBaHOro iTpieM miokcmmy Tn-
tTaHy. OTpuMaHi JJaHi MO)XHa 3aCTOCOBYBAaTU
Ha CaHITapHO-eIi[jeMiONOriYHIX, TifpOoXiMid-
HIX, €KOJIOTIYHMX IJIPUEMCTBAX 1 B CUCTe-
Max JyIsl KOHTPOJII0 BMiCTY CBMHIIO i KMCHIO
B TEXHOJIOTIYHMX IIPOLIECaX Ta MOHITOPUHIY
HaBKOJIMIIHbOTO CEPENOBUILA.

EKCIIEPVIMEHT 1 OBI'OBOPEHH/A PE-
3YJIPTATIB. EnexTpoiyu Ha OCHOBi IIIiBOK
HaHOJVICIIEPCHOTO JIiIOKCUALY TUTAHY OJEPXKY-
BaJIM 3a JOIIOMOTOI0 30/Ib-T€Nb-METORY 3 Te-
Tpaisonpomnokcuny tutany (IV) [31] i3 Bu-
KOPUCTaHHAM AK IOPOYTBOPIOIYOr0 KOMIIO-
HeHTa Tpurony X-100. Jnsa mopudikyBaHHA
ionamu irpito B mpexypcop Beopmmu YCI..
3071b HAHOCU/IM HA TUTAHOBI CyOCTpaTy MeTO-
IOM 3aHYPE€HH:, KOXKeH LIap BUCYLIYBaIu 3a
100 °C npotarom 10 xB. Onucany npouenypy
nosroproBanu 10 pasis. Enekrponn 3 Hanece-
HMMM mapamu Ha ocHoBi om0 Y-TiO, Binma-
JTI0BasI Ha TToBiTpi y MydenbHii neuyi « CHOJI
7,2 /900» 3a t = 500°C ympogmosx 30 xB i oxo-
NOKyBa/mM 3a KiMHaTHOI Temneparypu. CuH-
Te30BaHi IIiBKM, 3rigHo 3 ganumMu PDA, manu
CTPYKTYpY aHaTasy 3 po3mipamu 8-12 Hm [31].

Ina BusHavenHs Pb(II) meromom IBAM
oyno 3actocoBano 1%Y-TiO, enexrposu, Axi
Majy BUCOKY aKTMBHICTb y IpOLECi €efeK-
TPOKATa/IiTUYHOTO BiIHOBJIEHHs KUCHIO [31].
Csuneup MerogoMm IBAM BusHavanmu npu
AHOJHOMY CKaHYBaHHI IIOTEHIIialy, peecTpy-
I04) CTPYM €/1eEKTPOPO3YMHEHHA IIPOMYKTiB
peaxiiii, 1110 yTBOPIOIOTbCS Ha ITOBEPXHI iHaM-
KaTOPHOTO €JIeKTPOAy MiC/A IONepeSHbOro
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KaTOJHOTO €/IeKTPOHAKONMYEHHA Ha HbOMY
iOHIB CBMHIJIO 3 pO3YMHY €/1eKTponiTy. BogHo-
9acC BM3HAYa/IM KOHIIEHTPALII0 KMCHIO 32 3Ha-
YEHHSAM CTPYMY €l1€KTPOBiIHOBIEHHSA KICHIO,
AKUI CIIOCTepiraayM Ha BOJbTaMIleporpami
IIpM KaTOJHIN pO3rOpTLi moTeHIiamy. [lnd
BMMipIOBaHH:A BOJIbTaMIIEPOTpaM BUKOPUCTO-
ByBa/Ii IOoTeHiocTaT-rabBa”HocTaT PGSTAT
4-16-3. IloreHuian BuUMipIOBaaM BiTHOCHO
XJIOp-CpiOHOTO eeKTposy MOpiBHAHHA. K
($OHOBI eNeKTPOJIITY BUKOPUCTOBYBAIN PO3-
4yHYU anetaTHoro 6ydepa pH=5,5; comsaHoi
(0,1 M HCI) ta mypammnoi (0.4 M HCOOH)
KNUCIOT. JIOCHMiPKEHHA NpOBOOWIN B TpHU-
€JIEKTPOJHIN eIeKTPOXIMIYHiN KOMIpIi, Jie AK
iHAVIKaTOPHMIT €/IEeKTPOJ, BUKOPMCTOBYBAJIN
eJIeKTPOZ i3 BUANMOIO IIIoIeto 1 cM? i3 HaHe-
cenor muiBkoro TiO,, mopudikosanoro iTpi-
€M, 5K eJIEKTPOJ IIOPiBHAHHSA — XJIOP-CpiOHMI
€JIEKTPOJ, 1 IOIIOMDKHIM €/IEKTPOJ, — IVIATUHY.

[Tpo6y KOXHOTO 3pa3ka BU3HAYa/IN SK ce-
pefHe 3HadyeHHA 3-X BuUMIipiB. BusHavyeHHA
KOHLleHTpa1il Pb** y komip1i npoBogumm me-
TOZIOM J100aBOK, J/I1 YOTO BUKOPVCTOBYBaIU
PpO34MHY, IO MICTATH NEBHY Ki/IbKICTb CBUH-
1110, 5IKi OY/I0 IPUTOTOB/IEHO Ha OCHOBi CTaH-
JapTHMX 3pasKiB i 6iucTUIbOBAHOI BOAM.

BusHadyeHHA BMICTy CBMHIIO IPOBOAV/IN B
TPY €Tamu:

1. EnexTpoKOHII€eHTPYBaHHA IPOAYKTIB BifI-
HoBJieHHs1 Pb?* Ha moBepxHi po6040ro efekTpo-
ny. EneKTpoKOHIeHTPYBaHHA 3[iICHIOBa/INA 3a
HeTaTMBHMX [TOTEHIIia/liB p0O0YOro eNeKTPOny
B pianasoni E = —(1000-1600) MB (BigHOCHO
XJI0p-CpiOHOTO eIeKTPOAY MOPiBHAHHA) IIPO-
TsiroM vacy t = 60-300 ¢ 3a mpucyTHOCTI iOHIB
Pb>.

2. ENeKTpOOKMCHEHHA: TC/IA €7IEKTPOKOH-
IIeHTPYBaHH:A IOTEHIIial po60YOro eeKTpo-
ny E ckaHyBajm B aHOIHOMY HAlPAMKY Bif
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—-1400 MB go +200 mB 3i mBupakicTio 50 MB-c.
3HallieHo, 0 pe3yIbTyounii papaeiBcbKui
crpym [ 6yB mpomnopuilinuit KOHIeHTparrii
ioniB Pb*" y ananizoBaHOMY pO34MHi.

3. AHani3: NIAXOM BUMIPIOBaHHA CTPYMY,
BUPOOIEHOTO Iijf] Yac eTamy eleKTpOpO3dn-
HEHHs, KiIJIbKICHO BU3Ha4a/yl KOHLEHTpaLilo
CBUHIIIO Y BUXiJJTHOMY 3pa3Ky 3a JIOIIOMOIOIO
KamiOpyBa/nbHOI KpUBOI, CTBOpPEHOI 3i CTaH-

E,B

DApTHUX PO3YMHIB i3 BIJOMUMIU KOHIJ€HTpa-
uismu Pb**.

Ha mnonAapusaniilHux KpUBUX €IEeKTPO-
aie Y-TiO, y posunnax si Bmictom ionis Pb**
(puc.1) micig moOmepegHbOTO eNEeKTPOKOH-
LeHTPYBaHHA CIIOCTEpiraay XBU/IO aHOJHOTO
CTPyMYy, BUCOTA SIKOi Oy/1a IpoNopIiliHa KOH-
neHrpanii ionis Pb** (puc. 1) y posunHax.

1.2 1

I, MA

-0.2 -

Puc.1 InBepciiini Bonbramneporpamu ingukaroproro Y-TiO, enexrpony (S, = 1 cm?)
B arjetatHoMYy 6ydepi (pH=5,5), 31 BMicToM ioniB Pb(II) (mr1"): 1 - 0;2 - 0,1; 3 - 0,5;
4-1,0;5-1,5;6 - 2 mrl"ionis Pb(II). E =-1.4B, t =120 c

Fig. 1 Stripping voltammograms of the indicator Y-TiO, electrode (S = 1 cm?)
in acetate buffer (pH=5.5), with the content of Pb(II) ions (mgel-1): 1- 0; 2 - 0.1; 3 - 0.5;
4-1.0;5-1.5;6 - 2 mg1" Pb(II) ions. E=-14V,t=120c.

Takoxx 6y70 FOCTIXKEHO BIUIVB IIOTEHIIi-
any enekTpoxoHuentpysanns (E B) i wacy
€/IeKTPOKOHIEHTPYBaHHA (t, C) Ha BENMYMHY
anamitmaHoro curnamy (I, MA) cBuHIIO Ha
Y-TiO, enekrpopax. [ToTeHIiian eeKTpOHAKO-
IIMYEHHA BapiloBa/lIM B JlianasoHi Bif -1,0 B go
-1,6 B. Yac eneKTpoHaKONMYEHHA 3MiHIOBA/IN
Bizt 0 1o 180 cexynp (puc. 2a, 26).

https://ucj.org.ua

Is puc. 2 a BUAHO, IO MaKCHMaJIbHMUIA
AHAMITUYHUI CUTHAJI CBUHII0 PEECTPYETHCA
3a IOTEHIliany eleKTpOHaKonn4eHHs -1,4 B.
Yac enekrpoHakonmyeHHs (t,) sanexxnThb Bif
KOHIIEHTpalil CBUHII0 B PO3YMHi: 1[0 MEH-
112 KOHIL[EHTpallis, To 6i/bIa 3HaZOOUTHCS t,
/I OTPUMaHH:A JoOpe BUMipIOBaHOTO aHaJIi-
TUYHOTO CUTHANy CBMHII. I3 puc. 2 6 BujHO,
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o aHaniTuuHMit curnan cpuniipo (I,MA) sa
4acy efeKTpoHaKommyeHHs (t, c) got, <120 ¢
3pocrae, a 3a t 2120 ¢ iHTEHCUBHICTD aHasi-
TUYHOTO CHUTHANy 3MEHIIYETbCS. MOXXIUBO,
1ie ITOB'SI3aHO 3 Ti/[pO/Ti30M Ta IHIINMMM YCK/IafI-
HEeHHSMM, a00 3 BUCHO)XEHHSM pO34uHy. Ta-
KUM 4YMHOM, 0Y/I0 BUOPAHO Yac e/IeKTPOHAKO-

250  I,MA

200 r
150
100

50 r

0 1 1 1
0,95 1,15 1,35 1,55

er

a

IM4YeHHA, o gopisHIoE 120 c. IIpu peectpa-
il aHAJITUYHOTO CUTHATY CBUMHII0 POO0OYO0
MIBUAKICTIO 3MiHM noTeHIjiany € 50 MB-c”, sAxa
JI03BOJIIE peeCTpyBaTU A0Ope BifTBOpIOBa-
HUII IHBEPCIVTHNIA ITiK i3 BMCOKOI PO3[1/IbHOIO
3patHicTio (puc. 1).

18 I.MA

12

0 1 1 1

20 70 120 170
t..cex

6

Puc. 2. 3anexHicTb iIHTEHCMBHOCTI aHAITUYHOTO CUTHATY CBUHIIO | Bim: (a) - moTenuiamy
enexkTpoHakommieHHs E , t =120 c.i (6) — gacy enexrponakommdenss t, Ha 1%Y-TiO, -enexTpomax

pu C

Pb(II)

=1 mrl" y posunni aneratnoro 6ydepy (pH=5,5). E = -1,4 B

Fig. 2. Dependence of lead analytical signal intensity (1) on the: (a) - electroaccumulation
potential E , t =120 c and (b) - time of electroaccumulation t, on 1%Y-TiO,-electrodes

at CPb(ll)

Ak ¢oHOBi enexTporniTy 6yn0 JOCTIIKEHO
po3unHy aneratHoro 6ydepa pH=5,5; consaHoi
(0,1 M HCI) Ta mypaumsoi (0,4 M HCOOH)
kucnot (puc. 3).

Ax cnigye 3 pucyHka 3, JMiHIHMI Aiamna-
30H KOHLIEHTpALiil i MaKCMMaJ/IbHI 3HAYE€HHS
AQHAJIITMYHOTO CUTHAJIy /I CBMHLIO CIIOCTe-
piratrorb y posumni 0,1M consaHoi Kucmoru,

38

=1 mg1" in acetate buffer solution (pH =5.5). E = -1,4 V.

a MiHimManbpHiI - y posuyuHi 0,4M MypammnHol
kucnotu (puc. 3). IlokasaHo, IIo BemnymHa
aHa/JITMYHOTO CUTHAy CBMHIIO Y HOCTi[XKY-
BaHNX €/IEKTPOJiTax JiHIHO 3ajnexana Bif
koHLeHTpanil ionis Pb(II), Tomy enexrponn
Y-TiO, MOXHa BUKOPUCTOBYBATHU SK iHIMKa-
TOPHI €EeKTPOAY [/ BU3HAYEHHSA CBMHIIIO
meTtogoMm IBAM.
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Puc. 3. 3anexxHicTh aHAMITUYHOrO CUTHATYy CBYHIIIO HA iHBepCiIHMX BOIbTAaMIIEpOrpaMax
Biff KOHIeHTpauii karionis Pb*, (mr1"') y posunnax pisnoro ckmagy: 1 — aneraruuit 6ygpep
i3 pH =5,5; 2 - 0,1 M conaHna xkucnota; 3 — 0,4 M MypalunHa KucioTa

Fig. 3. Dependence of the analytical signal of lead on inversion voltammograms
on the concentration of Pb** cations (mgel-1) in solutions of different compositions:
1 — acetate buffer with pH =5.5; 2 - 0.1 M hydrochloric acid; 3 - 0.4 M formic acid.

OTpuMaHO WiATBEP)KEHHHA, IO YyTINU-
BicTp MeTony IBAM mo Pb(Il), (minimanbhe
3HaY€HHA KOHLIEHTPalii CBUHINIO Y (1)0H0B0My
€/1eKTPOoIiTi Ha OCHOBi 0,1 M posuuny cons-
HOI KUCIOTY, 32 SIKOTO Ha BOJIbTaMIIepOrpa-
Max cnocrepiramn AC CBUHIW), CKIajaa
0,01 mr-1"'i € HM>KYOIO TPAaHMYHOI HOPMU, BCTA-
HOBJICHOI J/I1 CBMHIJIO Y BOJIi BOTHMX 00'€KTIB
/1 3a/I0BOJIEHHA NUTHUX, TOCIO/IapChKO-II0-
OyTOBMX Ta iHIIMX TOTpPeb HaceNeHHA [2].

Bukopucranna iHAUKATOPHUX €E€KTPOJiB
Ha ocHOBi Mopudikosanoro itpiem TiO, Ta-
KOXX TO3BOJIsSIE BOMHOYAC BU3HAYATY KOHIIEHT-
pallifo pO3YMHEHOIO KIUCHIO Y piguHax. Ko
KOHI[EHTpAllil0 CBMHLI Ta IHIIMX BaXKKUX
MeTaJliB BM3HAYAIOThb IIC/IA IOIEPeHbOTO

https://ucj.org.ua

€/IeKTPOKOHIIEHTPYBaHH: 3a aHOJHOT'O CKaHY-
BaHHA NOTEHIialy, TO KMCEHb BU3HAYAIOTh 3a
KaTOIHOI PO3TOPTKM ITOTEHIIiaTy.

Ha puc. 4 mpepicTaB/eHO KaTOAHI IOIApU3a-
1[1/1Hi XapaKTePUCTUKY, Ofep>KaHi Ha e/IeKTPO-
ai 1%Y-TiO, y posunnax auerarHoro 6ydepa
pH=5,5 Ta consuoi kucnoru (0,1M HCI) npnu
Bumicti Pb(II) - 1,0 mr-1". llIBuaxicTs po3ropt-
K1 noTeHniany — 50 MB-cex. XBuna crpymy
Ha KaTOMHUX IO/IAPU3ALIHUX KPUBUX 32 I10-
TeHnjianis -0,3 + -0,5 B BigHOCHO X/MOp-Cpi6-
HOTO €/IeKTPOAY MOpiBHAHHA (puc. 4) Bifmo-
BiJjla€ IpOLIeCy €NeKTPOBiTHOBIEHHA KVUCHIO.
[panmynuit cTpyM 3a nux norennianis (-0,3
+-0,5 B) mpomnopuiitanii KOHLIEHTpalil Kuc-
HIO, PO3YMHEHOTO B €JIeKTPOJIiTax.
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3

LMA

-5 -

Puc. 4. Katonni monspusaniiini xapakrepuctuku enekrpony 1%Y-TiO,y posunnax:
1 — anrerarHoro 6ydepa pH=5,5; 2 — consanoi kucnoru (0,1M HCI) npu Bmicti Pb(II) - 1,0 mr-1™.
[IBupakicTh po3ropTky noteHIiany — 50 MB-c™!

Fig. 4. Cathodic polarisation characteristics of 1%Y-TiO, electrode in solutions:
1 — acetate buffer pH=5.5; 2 - hydrochloric acid (0.1M HCI) at Pb(II) content - 1.0 mg-1".
The potential sweep rate is 50 mV-s™.

JAx cningye 3 puc. 4, enekrpogu 1%Y-TiO,
y $oHOBUX pos3umHax ameratHoro Oydepa
(pH=5,5) ta comsanoi kucmotu (0,1M HCI)
IOpOABIAITb BUCOKY KaTaJiTM4HY AKTUB-
HICTb y IIPOLEC] €/IEKTPOBITHOB/IEHHA KICHIO
(moTeH1ia/ HABXBUII €eKTPOBiIHOBIEHHS
O, E ,=-0,38 B Ta-0,34B (BinnocHO x. . €.);
OVMHAMIYHUII [ialla30H TOTEHIIia/iB BigHOB-
nenHsa kucHio AE = 0,25 B ta 0,30 B Bigmo-
BiHO) i MO3BOMAIOTH CHIIBHO BHU3HAYATH
KOHIIEHTpALil0 KVCHIO 1 CBMHIIO B pifMHax
METO/IOM IHBEPCINTHOI BOJbTAMIIEpOMETPIi.
3a/leXHICTb TPAaHMYHOTO CTPyMY €IeKTpo-
BiITHOBJIEHHA KUCHIO BiJj JIOrO KOHLEHTpaLlil
y PO3uMHi, AKY BUMIPIOBA/IN 3a METOHUKOIO,
aHajoriyHoIo [32], 6yna niHilHOIO B Aiana3oHi
KOHLeHTpaLii (2 + 5)-102 mrl". Buxopsun 3
PiBHA €1eKTPOXIMIYHOTO CTPYMY CUCTEMU, MU
OLIIHM/IM YYT/IUBICTD JOCHTIJPKEHUX €IeKTPO-
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IiB [0 KMCHIO, siKa cTaHoBwIa (3+6)-107 mr-1 L.

3a 6araTopasoBOro IMKIyBaHHS IIOTEHINa-
Iy TIOJIAPU3ALIiliHI XapaKTepUCTUKY JOCTI/IKY-
BAaHMX €JIEKTPOJIiB IPAKTUYHO He 3SMiHIOBAJINCSA
ITiC/IS TPETHOIO LIMKITY, 1O CBIYUTD IIPO BICO-
Ky CTabiIbHICTb OTPYMAaHNX €/IeKTPORIB i MOX-
NMBICTb IXHBOTO BUKOPUCTAHHSA /I BU3HAYEH-
HA KOHLEHTPALil pO3YMHEHOTO KUCHIO.

CenexrusHictb Y-TiO, enextpopis npu Bu-
3HaueHHi Pb** Oy/o ouiHeHO 3a IpPUCYTHOCTI
iOHIB JIeAKMX IHIIMX MeTaliB, AKi, AK O4iKy-
€TbCsA, MOXYTb BIUIMBATV Ha JIOTO BIATYK (a
came, Cu?t, Cd?*', Zn?*', Na* i K*). Busnauaroun
BIUIMB CTOPOHHIX i0HiB, IOPiBHIOBA/IM BUCOTY
mikiB aHOZHOTO po3urHeHH: Pb 3a BifcyTHO-
CTi Ta 3a MPUCYTHOCTI LIMX iOHiB, KOHIIEHTPA-
Lil AKMX MOPIBHIOBA/IM KOHILEHTpalil iOHIB
ceuHIio: 2,0 mr-l! Pb*". 1Ii maHi HaBegeHO B
TabImIIi.
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[IpucyTHicTb y po3unHax ionis Zn** i Cd**
CYTTEBO He BIUIMBa/la Ha PE3yNbTaTy BUMi-
proBaHHA BMicTy Pb** Mmetogom IBAM. Ilpn
uboMy iHTeHCcMBHICTD AC CBMHIIO Maibke
He 3MiHIOBajacsd, a IIOTEHIlial €eleKTpOopo3-
YMHeHHA He3HaYHO 3CyBaBCA B KaTOXHY 00-
MacThb. 3a mpucyTHocTi ioHiB Cu** Yy T/IMBIiCTDH
Y-TiO, enexTponiB 10 CBMHIIIO 3MEHITYBa/Iacs
Ha 12,9 %, a y npucyTHOCTI ioHiB K*i Na* ana-
miTvaHNi curdan Pb** s6inpmrysasca Ha 1 % i
4 % BigmoOBiTHO.

Tabnusa

BniuB ioHiB Ha aHAMITUYHUII CUTHAI

(AC) Pb* 3a iXHPOI CHIiTBHOI IPUCYTHOCTI Y

po3umHi aneratHoro 6ydepa (pH=5,5) npn

O/IHAKOBMX KOHIIeHTpauisax meranis C, "=

2 mr-l!

Table

Effect of ions on the analytical signal (AS)

of Pb2+ when they are present together in

acetate buffer solution (pH=5.5) at the same
metal concentrations C ™" = 2 mg:1"!

Me AC Pb* , %
Pb** 100,0
Zn* 100,1
Cd* 97,6
Cu* 87,1

K* 101,0
Na* 104,0

OTXe, CTOPOHHI KaTiOHM, NPECTaBIEH] B
Tabmuii (KpiM KaTioHiB Mifii), B MeXKax mOXm6-
KI €KCIIEpUMEHTY, AKa He nepeBuinye 2,5%, He

https://ucj.org.ua

BIUIMBAIOTh Ha BemuuHy AC cBMHLIO i, Bifi-
IIOBiJJHO, HA TOYHICTD J10T0 Bu3Ha4YeHHA. [Ipn-
CYTHICTb KaTiOHIB MiJji y pO34YlMHi IPU3BOJAUTD
[0 3HVDKEHHA TOYHOCTI BusHauyeHHA AC cBUH-
1o (moxmbxa 12,9%), mo Moxe Oy Ty 1o’ s13a-
HO 3 YTBOPEHHAM iHTepMeTAIiJHUX CIIONIYK 3a
yuacri Cu i Pb.

TakuM 4MHOM, €IEKTPOAIM Ha OCHOBI HAHO-
PO3MIpHUX IIIIBOK JiOKCUAY TUTAHY, MOJM-
¢dikoBaHOTO iTpi€M, Bifpi3HSIOTHCS BMCOKOIO
e/IeKTPOKATAIITMYHOK aKTUBHICTIO i cTabib-
HICTIO B IIPOLECi €/IeKTPOBiHOB/IEHHS KIC-
HIO, @ TaKOX YYT/IMBICTIO Ta CEIEKTUBHICTIO
mo ceuHIo (II) i mepcnekTUBHI 11 BUKOPHU-
CTaHHA B €IEKTPOXIMIYHMX MY/IbTUCEHCOPAX
TOKCMYHUX €/IEMEHTIB i KVCHIO.

BMCHOBK/. 1lokasaHo, IO €/l1eKTPOAu
Ha OCHOBI HAHOKPUCTA/TIYHMX TOHKMX IIIiIBOK
MonuQikoBaHOTO iTpiEM [iOKCUJY THUTaHy
O03BONAIOTH Bu3HavyaTy BMicT cBuHIo (II) Ta
KVICHIO 32 IXHDbOI CITII/IbHOI IIPUCYTHOCTI B pi-
muHax. CBUHeLb BU3HavYa/mm MetomoM IBAM
IiJj Yac CKaHyBaHHA aHOJHOIO IIOTEHIjiany
Iic/A  TONEPENHbOIO  €lIeKTPOKOHLIEHTPY-
BaHHA €/IeKTPOAY B PO3YMHI €IeKTPOJITY 3i
BMicToM ioHiB Pb(II); kucens — npu katogHO-
MYy CKaHYBaHHi noTeHIliany. BuBueHo Bunus
cKk/mafy OHOBOTrO €IeKTPOIITY, IMOTEHI ATy
€JIEKTPOHAKONMYEHHA, 4Yacy e/leKTPOHaKO-
IMYEHHA, a TAKOXX CTOPOHHIX iOHIB Ha aHa-
npitwaanit curdan ceuHupo (II). 3anexHicTh
AC cBuHL0 Bij KoHIeHTpanii ioniB Pb(II)
B eIeKTponiTi Oyna niHiiiHOW B pAiama3oHi
KoHIeHTpaniin 0,01-8 wmr-1'. Makcumaib-
Ha YYT/IUBICTb €1eKTPOMIB O PO3YMHEHOIO
KUCHIO Majia 3HadeHHs (3+6)-10° mrl!, mo
Pb(II) - 0,01 mr-1"". Orxe, Y-TiO, enekrpoan
MIEepCINEeKTVBHI JI1 OGHOYACHOTO BUABJIEHHA
Pb(II) Ta O, B pigunax.
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DETERMINATION OF LEAD (I1) AND OXYGEN
CONTENT IN LIQUID MEDIUM ON TITANIUM

DIOXIDE ELECTRODES MODIFIED WITH
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This work demonstrates the possibility of
using the anodic stripping voltammetry me-
thod on electrodes based on nanocrystalline
thin films of yttrium-modified titanium dioxi-
de to determine the content of lead (II) and, at
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the same time, oxygen in their joint presence
in liquids, which is an urgent task in the de-
velopment of multisensors toxic substances
and oxygen in liquid media. Lead was deter-
mined by anodic potential scanning after pre-
liminary electroconcentration of the electrode
in the electrolyte solution containing Pb(II)
ions; oxygen was determined by cathodic po-
tential scanning. The influence of electroac-
cumulation conditions (potential and time),
background electrolyte composition, and ions
present on the analytical signal (AS) of lead
(II) was studied. The analytical signal of lead
exhibited a linear dependence on the concen-
tration of Pb(II) ions in the electrolyte, span-
ning a concentration range of 0.01 to 8 mg-1".
The maximum sensitivity of the electrodes
to dissolved oxygen was (3+6)-10° mgl?, to
Pb(II) - 0.01 mg-1".

Keywords: stripping voltammetry, titanium
dioxide, lead.
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