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The methodology of the synthesis of the modified fluoresceins for the click reactions
was developed. Proposed synthetic protocol allows to increase the yield of the final and
intermediate compounds and to optimized the procedure of their isolation and purifica-

tion.

Key wo rds: modified fluorescein, fluorescein, click reaction.

INTRODUCTION. Reactions of azide-
alkilic cycloaddition are well known since
1893. Howewer, after discovering cupper-
promoted azid-alkilic cycloaddition [1, 2]
this type of reactions gained new life. Due to
the high yields, mild reaction temperatures,
selectivity of the process and variability of
suitable solvents this type of reaction be-
came integral part of click-chemistry.

At the same time, with the elaboration of
click chemistry, the techniques of labelling
biological objects, particularly by fluores-
cent dyes, were widely developed. The use
of fluorescent labels provides the ability to
visually monitor the process streamlines
hardware load and reduces research time [4].
Also, unlike most radioisotope probes, the

© R. Selin, V. Chernii, A. Mokhir

vast majority of fluorescent dyes retain their
properties over time. These factors have
made fluorescence labeling one of the most
widely used analytical methods in biochem-
istry, biology and medicine.

Besides the use for synthesis of the new
biologically active compounds [5], azide-
alkyne cyclic coupling reaction due to its
mild conditions allows the modification of
macromolecules in vivo. For example, cup-
per-free click labeling and chondrocyte
tracking in vivo is reported in [6].

Fluorescein is among the fluorophores
mostly used for labelling of biomolecules
due to its high quantum yields and good sta-
bility in biological media [7]. Howevwer,
despite of commercial availability of
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fluorescein derivatives functionalized for use
in click reactions, methods for their synthe-
sis are virtually absent in the literature.

Therefore, we have deweloped a reliable
and effective methodic for the synthesis of
functionalized fluoresceines for the use in
the click reactions.

EXPERIMENT AND DISCUSSION OF
THE RESULTS. Synthesis of diacetyl N-(4-
azidobutyl)-fluoresceine-5(6)-carboxamide
(6) was performed in six stages, starting
form resorcinol and trimellitic acid anhy-
dride. The diacetylated analogue was syn-
thesized for the click modifications in the
“soft” conditions, since N-(4-azidobutyl)-
fluorescein-5(6)-carboxamide (5) is poorly
soluble in the classic organic solvents.
5(6)-carboxyfluorescein (1) was obtained by
the reaction of resorcinol and trimellitic an-
hydride in methane sulfonic acid at 110° C.
During the reaction equimolar mixture of 5"
and 6" isomers is forming. Precipitation
from water and crystallization from the dif-
ferent solvents gawve insufficient result in
separation of these two isomers. Cause it
similar spectral properties, it was decided to
work with the equimolar mixture of two
isomers.

Diacetyl 5(6)-carboxyfluoresceine (2)
was obtained by the refluxing of fluores-
cein (1) with acetic anhydride in pyridine
(Fig. 1).

Synthesis of the azides was per-
formed without excess of light and during
purification temperature maintained below
35°. All azides were used in the next step
with an excess and without purification.
1,4-diazidobutane (3) was obtained by
the standard reaction of 1,4-dibromobutane
with an excess of sodium azide in dry

4 ISSN 0041-6045.
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Fig. 1: Synthe3|s of dlacetyl 5(6)-
carboxyfluorescein (2)

dimethylformamide. Reaction was con-
trolled by gas chromatography. After reac-
tion was complete, reaction mixture was di-
luted with water and extracted with diethyl
ether. Organic fraction was evaporated under
vacuum without heating and diluted with
tetrahydrofuran. Solution of 14-
diazidobutane (3) was used in the next step
without purification.

1-amino-4-azidobutane (4) was obtained
by the reduction of azide group of 14-
diazidobutane (3) with triphenylphosphine.
Triphenylphosphine was added portion wise
upon cooling. An excess of 14-
diazidobutane (3) was used in order to pre-
vent formation of 1,4-diaminobutane. Reac-
tion was controlled by gas chromatography

(Fig. 2).

Brmﬂfﬂh N MNE
DME, rt

overnight
PPh; HCI

—  + pyo~~NHy 4
THF N3

Fig. 2: Synthesis of 1-amino-4-azidobutane (4)
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N-(4-azidobutyl)-fluoresceine-5(6)-
carboxamide (5) was obtained by the reac-
tion of the daicetyl 5(6)-carboxyfluoresceine
(2) with 1,1'-carbonyldiimidazole (CDI) and
an excess of 1-amino-4-azidobutane (4). The
partial hydrolysis of acetyl group during the
synthesis was noticed. Hydrolysis of acetyl
groups with an excess of ammonia water
solution was performed in order to simplify
the purification.

Diacetyl N-(4-azidobutyl)-fluoresceine-
5(6)-carboxamide (6) was obtained by the
refluxing of fluorescein (5) with acetic an-
hydride in pyridine. (Fig. 3).

['\.N3
1) CDI

HOJ\” (Hm OT *?(]
E ;Dk 24 HD D OH

N3
AC',ID
O:‘r\\ I,f . []":.-'lld!lll‘, it

HO @ DS OH

Fig. 3: Synthesis of diacetyl N-(4-
azidobutyl)- fluorescein-5(6)-carboxamide (6)

Same synthesis could be performed without
protection with acetyl group. Howe\er, it’s
easier to work with acetylated fluorescein
derivative.

We prefer to use acetylated fluorescein
because it is nicely soluble in classic organic
solvents, this simplifies further handling

ISSN 0041-6045. YKP . XIM . XVYPH .,
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with labeled compounds. Acetyl group could
be easily hydrolyzed by using of classic
methods.

For the fluorescein (5) UV-Vis and fluo-
rescence spectra were registered. Its absorb-
ance maximum wavelength is located at 494
nm and fluorescence maximum is located at
520 nm (Fig. 4), that is similar to corre-
sponding maxima of non-functionalized
uranin (500 nm and 521 nm correspondingly
[8]).

5(6)-carboxyfluorescein (1): trimellitic
acid anhydride (10 g, 52.0 mmol) was dis-
solved in methane sulfonic acid (50 ml) and
resorcinol (12 g, 109.3 mmol, 2.1 eq) was
added. The reaction mixture was stirred at
110 °C for two hours. At the end of the reac-
tion, the reaction mixture was cooled and
poured into water, the precipitate was fil-
tered, crystallized from water and dried in
air at 100 °C to obtain 5(6)-
carboxyfluorescein (16.4 g, 44 mmol, 84%),
which was used without purification in the
next step.

Diacetyl 5(6)-carboxyfluorescein (2): 5
(6)-carboxyfluorescein (10 g, 26.6 mmol)
was dissolved in 50 ml of dry pyridine and
acetic anhydride (10 ml, 106.21 mmol, 4
equiv.) was added drop wise at room tem-
perature and reaction mixture was stirred at
room temperature overnight. At the end of
the reaction, the mixture was evaporated,
dissolved in ethyl acetate (100 mL) and
washed with 1M HCI (3x50 mL), water (100
mL) and Brine (100 mL) solution, dried over
sodium sulfate and evaporated to dry in vac-
uo to give diacetyl 5(6)-carboxyfluorescein
(12.2 g, 26.6 mmol, 100%). *H NMR (400
MHz, DMSO-dg) &: 8.47 (dd, J = 1.5, 0.8
Hz, 1H), 8.33 (dd, J = 8.0, 1.5 Hz, 1H), 8.28
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Fig. 4: Normalized UV-Vis (a) and fluorescence
spectra (b) of N-(4-azidobutyl)-fluorescein-5
(6)-carboxamide (5)

(dd, J = 8.0, 1.3 Hz, 1H), 8.15 (dd, J = 8.0,
0.8 Hz, 1H), 7.81 (dd, J = 1.3, 0.8 Hz, 1H),
7.48 (dd, J = 8.1, 0.7 Hz, 1H), 7.28 - 7.20
(m, 3H), 6.98-6.86 (m, 7H), 2.29 (s, 12H).
1,4-diazidobutane (3): 1,4-
dibromobutane (20 ml, 167.5 mmol) was
dissolved in dry dimethylformamide (100
ml) and sodium azide (43.54 g, 669.9 mmol,
4 equiv.)) was added. The reaction mixture
was stirred owernight at 55 °C (control by
gas chromatography), cooled to room tem-
perature, poured into 300 ml of water and
extracted with diethyl ether. The organic
extract was evaporated without heating on a
vacuum pump to obtain quantitatively 1,4-
diazidobutane. The reaction was carried out
in the cold season with minimal access of
light. Solvent was not evaporated to dry. The
reaction mixture was used in the next step
without purification. Quantitative yield. *H

NMR (400 MHz, Chloroform-d) ¢ 3.32 (td, J
=5.1,3.9,2.2 Hz, 4H), 1.73 - 1.62 (m, 4H).
1-amino-4-azidobutane (4): Freshly prepared
1,4-diazidobutane (167.5 mmol) was dis-
solved in tetrahydrofuran (200 ml), the reac-
tion mixture was cooled in an ice bath and
triphenylphosphine (13.2 g, 50.25 mmol, 0.3
eq.) was added in small portions with control
of gas ewolution. Upon completion of the
addition, the reaction mixture was gradually
brought to room temperature and stirred
overnight. Product formation was monitored
by gas chromatography. At the end of the
reaction, the reaction mixture was diluted
with 200 ml of 2N HCI and tetrahydrofuran
was evaporated under vacuum The aqueous
fraction was extracted with dichloromethane
(3 x 100 ml) basified with 25% aqueous
NaOH and extracted with diethyl ether (3 x
100 ml), dried over sodium sulfate and
evaporated without heating on a vacuum
pump. After evaporation, 1-amino-4-
azidobutane is  diluted with  dry
tetrahydrofuran to obtain a 25% solution
which was used without purification in the
next step. Quantitative yield. 'H NMR (400
MHz, DMSO-dg) 6 3.30 (t, J = 6.9 Hz, 2H),
2.79 (bs, 2H), 2.54 (m, 2H), 1.60 — 1.44 (m,
2H),1.49 - 1.29 (m, 2H).
N-(4-azidobutyl)-fluorescein-5(6)-

carboxamide (5): Diacetyl 5(6)-
carboxyfluorescein (5 g, 10.86 mmol) was
dissolved in dry tetrahydrofuran (50 ml) and
1,1’-carbonyldiimidazole (CDI) (1.93 g,
11.94) was added portion wise. (1.93 g,
11.94 mmol, 1.1 equiv.). The reaction mix-
ture was stirred at room temperature over-
night and a solution of 1-amino-4-
azidobutane (4.95 g, 43.44 mmol, 4 equiv.)
in tetrahydrofuran (20 ml) was added at once
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with vigorous stirring. The reaction mixture
was stirred for 2 hours, evaporated to dry
and diluted with 50 ml 1N HCI. The aqueous
fraction was extracted with dichloromethane
(3 x 25 ml) and the organic fraction was bas-
ified with 25% ammonia solution upon vig-
orous stirring. After a few minutes, the reac-
tion mixture was neutralized with concen-
trated hydrochloric acid, the precipitate was
filtered and dried on a vacuum pump to ob-
tain N-(4-azidobutyl)-fluorescein-5(6)-
carboxamide (4.25 g, 9.01 mmol, 83%). 'H
NMR (400 MHz, DMSO-dg) 6 10.13 (bs,
2H), 8.87 (t,J = 5.7 Hz, 1H), 8.49 — 8.44 (m,
1H), 8.25 (dd, J = 8.0, 1.6 Hz, 1H), 7.38 (dd,
J =8.0,0.7 Hz, 1H), 6.72 (d, J = 2.1 Hz,
2H), 6.63 — 6.52 (m, 4H), 3.44 — 3.30 (m,
4H),1.62 (h,J = 3.6 Hz, 4H).

Diacetyl N-(4-azidobutyl)-fluorescein-
5(6)-carboxamide (6): N-(4-azidobutyl)-
fluorescein-5(6)-carboxamide (4.25 g, 9.01
mmol) was dissolved in 50 ml dry pyridine
and acetic anhydride (3.4 ml, 36.04 mmol, 4
equiv.) was added drop wise and reaction
mixture was stirred at room temperature
owvernight. At the end of the reaction, the
mixture was evaporated, dissolved in ethyl
acetate and washed with 1M HCI (20 mL),
water and Brine solution, dried over sodium
sulfate and evaporated to dryness in vacuo to
give diacetyl N-(4-azidobutyl)-fluorescein-
5(6)-carboxamide (4.96 g, 9.01 mmol,
100%).'"H NMR (400 MHz, Chloroform-d):
6 8.33 (dd, J = 1.6, 0.8 Hz, 1H), 8.14 (dd, J
= 8.0, 1.6 Hz, 1H), 7.22 (dd, J = 8.0, 0.7 Hz,
1H), 7.05 (dd, J = 2.1, 0.5 Hz, 2H), 6.79 -
6.68 (m, 4H), 3.48 (g, J = 6.4 Hz, 2H), 3.28
(t, J = 6.3 Hz, 2H), 2.25 (s, 6H), 1.80 — 1.55
(m, 4H).

CONCLUSIONS. Functionalized fluore-

sceines modified for click reactions were
synthesized by the developed reliable proto-
col. Both 5™ and 6" fluorescein isomers are
applicable for the click reactions, dependent-
ly from the required reaction conditions. Fi-
nal diacetyl N-(4-azidobutyl)-fluorescein-
5(6)-carboxamide (6) was obtained in 6
steps synthesis with total yield more than
70%. After click reaction acetyl groups of
this dye could be easily hydrolyzed by clas-
sic methods.
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Spectral- luminescent properties of a variety of carboxymethoxy-substituted p-tert-butyl-
calix[4]arenes and their complexes with lanthanides (Nd, Er, Yb) that exhibit the 4f-
luminescence in the IR-spectrum region have been investigated. The effect of substitu-
tion of hydrogen phenolic atoms by carboxymethoxy groups on the stability and spec-
tral- luminescent characteristics of both the ligands and lanthanide complexes was ana-

lyzed.

Keywo rds:calix[4]arenes, lanthanide-containing complexes, NIR-luminescence.

INTRODUCTION. Having a spatially-
organized cavity and specific physicochemi-
cal properties, calix[4]arenes are com-
pounds, which are increasingly used in
guest-host chemistry [1]. The structure of the
spatially organized calix[4]arene molecules
delineates a hydrophilic (rims) and a hydro-
phobic (cavity) fragments, and the size and
spatial proximity of the functional groups
impart a number of significant features to
their chemical behavior. The most accessible
method for modifying the lower rim is the
replacement of the hydrogen atom of the
phenol groups, for example, with different
numbers of alkylcarboxyl substituents. It is
known that the introduction of four carboxyl
fragments along the lower rim of the calix
[4] arene promotes the formation of more

stable lanthanide-containing complexes in
comparison with p-tert-butylcalix[4]arene
[TBC] [2]. However, until now, the study of
the effect of sequential introduction of
alkylcarboxyl substituents and, consequent-
ly, the structure of symmetrically and
asymmetrically substituted calix[4]arenes on
the physicochemical, in particular, spectral-
luminescent properties of ligands and com-
plexes with lanthanides has not been con-
ducted.

The aim of this work was to establish the
relationship between the structure of
the series of carboxymethoxy-containing
calix[4]arenes (L'H,—L"H,) and acid-base,
complex-forming, spectral-luminescent
properties of ligands themselwes, as well as
their  lanthanide-containing  complexes.

© S.S.Smola, O. V. Snurnikova, E. A. Alekseeva, T. I. Kirichenko, N. V. Rusakova, 2020
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The analysis of symmetric (L*H,, L*H,) and
asymmetric (L'H,, L*H,) ligands was made
and the number of solvent molecules located
in the inner coordination sphere of the com-
plexes was calculated.

‘%
]
3

/
OR' OR? OR? RO

L'H;: R'=CH,COOH; R*=R*=R*=H
L’Hy: R'= R*= CH,COOH; R?=R*=H
L*H,: R'=R?>=R*= CH,COOH; R*=H
L*H;: R' =R?=R*=R*= CH,COOH
TBC:R'=R*=R*=R*=H
Fig.1. Structure of carboxymethoxy-containing
calix[4]arenes L'H,-L*H,

EXPERIMENT AND DISCUSSION OF
THE RESULTS. Ligands L'H,-L*H, and the
corresponding lanthanide-containing com-
plexes were synthesized according to the
methods described in [2, 3]. Complexes
were isolated in solid state and identified by
means of elemental analysis, mass spec-
trometry, IR, 1H NMR spectroscopy (Table
S1-S2).

pH-Potentiometric titration was carried
out on an ionomer EV-74. The glass elec-
trode SL-43-07 (calibrated with standard
buffer solutions) and silver chloride refer-
ence electrode were used.

Absorption spectra in the UV and visible
regions were recorded on a Specord M-40
UV / VIS spectrophotometer in quartz cu-
vettes 1-10 mm thick, and in the IR region
(4000-400 cm™) on a Shimadzu FT-IR
8400S spectrophotometer (in KBr pellets

and in CHCly).

Fluorescence excitation end emission
spectra, as well as phosphorescence and 4f-
luminescence were recorded on a Fluorolog
FL 3-22 spectrophotometer (Horiba Jobin
Yvon, Xe-450 W ozone-free lamp) equipped
with a photomultiplier R928P (Hamamatsu,
Japan) for the visible spectrum region and a
liquid nitrogen cooled InGaAs photoresistor
(DSS-IGA020L, Electro-Optical Systems,
Inc.) for the NIR area.

Values of the singlet (Es) and triplet lev-
els (Ey) of the derivatives of calyx[4]arenes
and lutetium-containing complexes were
determined by known procedure [4] at 77K
using phosphorescence spectra obtained with
different time delays after the excitation
pulse.

(s

05 r

05¢

0.0°
20 40

60 p 80 100 pH
Fig.2. The equilibrium diagrams of protonated
ligand forms in water-methanol solutions as a
function of pH at 298 K and p= 0.15 M: a -
L'Hs; b - LPH,
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Tablel
Acid-base dissociation constants of p-tert-
butyl-calix[4]arenes

Compound | pK; | pK3 pPK3 pPK4
L'H, 78 94 103  >11
L“H, 43 6.8 9.6 >11
L3H, 49 58 7.6 9.9
L"H, 39 56 7.3 8.5

TBC[7] 92 115 >14 -

The integral fluorescence intensity (ly)
was measured based on the area under the
band contour. The values of the relative
quantum yield of 4f-luminescence (¢) of
lanthanide ions (measurement error = 20%)
in the complexes were calculated by the
methods described in [5, 6].

It is known that one of the characteristic
features of calix[4]arenes is the ability to
form intramolecular hydrogen bonds, which
significantly affect conformational, acid-
base, spectral, and complexing properties
[7]. The consecutive replacement of OH
groups leads to disruption of these bonds,
therefore, affects all the above properties,
and primarily the dissociation constants of
the test compounds (Table 1).

The values of the first dissociation con-
stant of L'H, and p-tert-butyl-calix[4]arene
(TBC) were fairly close, while pK; value for
L?H, is lower than for L'H, by 3.5. This fact
confirms, according to [7], the formation of
a cycle of hydrogen bonds inwolving the
COOH group in the case of L'H,, and a sig-
nificant weakening of them upon transition
to L?H,. The higher pK; value in the case of
L*H, compared to L°H, indicates the greater
contribution in hydrogen bond formation for

L*H,. Close values of pK, and pK; for lig-
ands L3H, and L*H, indicate the stabilization
of the anions Hs;L™ and H,L* due to the for-
mation of hydrogen bonds by carboxyl
groups. The main forms of L'H,, L?*H, in the
alkaline region are [H,L*], [HL*], [L*], and
the ligands L°H,, L*H, — [HL*], [L*]. The
shape of the distribution of ligands L'H, and
L*H, shown in Fig. 2 allows one to consider
carboxymethoxy-calix[4]arenes as tetra-
basic acids, in which, when complexing, the
protons of both carboxyl and phenol groups
can be replaced by a lanthanide ion. The re-
sults of potentiometric titration point to the
weakening of intramolecular hydrogen
bonds in the series L'H, > L*H, > L?H, >
L4H4, which is confirmed by the results of
1H NMR and IR spectroscopy.

In '"H NMR spectra of symmetric ligand
(TBC, L?H,, L*H,) solutions, proton signals
of methylene bridges of the calix[4]arene
macrocycle appear as two doublets (3.25-
3.55 and 4.15-4.55 ppm) with an intensity of
4H for each, and ligands (L'H, and L°H,) -
in the form of two pairs of doublets with a
small difference in the values of chemical
shifts (3.25-3.75 ppm and 4.10-4.25 ppm)
with an intensity of 2H for each. It is this
type of spectra that is characteristic for
“cone” conformation [7]. The broadened
singlets from protons of OH groups in weak
fields (9.00-10.35 ppm) indicate their partic-
ipation in the formation of hydrogen bonds.
It should be noted that the 6oy value for the
studied ligands changes in such way: TBC
(10.34 ppm) > L'H, (9.47 ppm) > L®H, (9.30
ppm) > L?H, (9.00 ppm).

In *"H NMR spectra of complexes with
diamagnetic lutetium ion there are no proton
signals of the carboxyl and hydroxyl groups,
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which indicates their replacement by a lan-
thanide ion and confirms the IR spectrosco-
py data. The observed decrease in the num-
ber of proton signals of tert-butyl substitu-
ents in the spectra of LuL'H and LulL®H
complexes indicates, according to [8], the
"alignment" of the complex structure com-
pared to the corresponding asymmetrically
substituted ligands. The formation of com-
plexes based on symmetrical ligands L?H,
and L*H, does not introduce changes in the
number and intensity of the proton signals of
these groups, i.e. the symmetry of the coor-
dination center during complexation is pre-
served. Significant shifts in the signals of
protons of aromatic nuclei (A3 = +0.12+0.22
ppm) and CH,CO-groups (Ad = +0.08+0.14
ppm) in comparison with ligands L'H, -
L*H, confirm participation of oxygen atoms
of ester fragments in coordination of metal
in these complexes.

The presence of intense wide bands of
stretching vibrations of the OH group in the
3100-3400 cm™ region in IR spectra of L'H,
- L*H, also indicates the presence of
intramolecular hydrogen bonds. Replace-
ment of phenol groups with carboxymethoxy
ones leads to a shift in the frequency of the
bands to the long-wawelength region (L‘H,
(3170 cm™) < L°H, (3320 cm™) < L°H,
(3375 cm™)) as compared to TBC (3130 cm’
'). These changes in IR spectra, similar to
the *H NMR spectra [8, 9], indicate a signif-
icant weakening of intramolecular hydrogen
bonds with an increase in the number of
carboxymethoxy groups.

A significant decrease in the intensities
of the stretching vibration bands of OH
groups in IR spectra of lanthanide-
containing complexes in the region of 3150-

3350 cm™, the disappearance of bands in the
region v (C=0) = 1740-1750 cm™, as well as
the absorption bands of OH and COOH de-
formation wvibrations in the fingerprints re-
gion (730-780, 800-830, 880-910, 1180-
1250 cm™) indicate that all the correspond-
ing substituents are connected with the lan-
thanide ion. This is also confirmed by the
appearance of bands in the region of 1595-
1600 cm™ and 1440-1470 cm™, related to
va(C-0) and v¢(C-O), respectively. It should
be noted that, in contrast to LnL*H, a short-
wavelength shift (20-50 cm-1) of the (-
CH,-OA) oscillations in the 1030-1050 cm™
region is observed for LnL;H - LnL3;H com-
plexes, confirming the participation of ether
oxygen atoms in the complexing of the
metal.

D 395

450 A, n‘rn'

Fig. 3. Absorption and fluorescence spectra of
solutions in dioxane at 298 K: a — L Ha, Aexc=
308 nm; b — L?Ha, Aexc= 312 nm; ¢ - L3Ha, Aexc=
310 nm; d — L*Hy, hexc= 309 nm
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Table2.
Data of the absorption, fluorescence and phos phorescence spectra of calix[4]arenes L*Hs—L*Hy
; M, A nm M, 1 | Aphos, Tphos: -1
Ligand | Solvent (lgc) Iy t, NS | Es, sm am ms Er,sm
274 283
L', DO (388) (3.92) 402 9.240.2 24900 420  210+8 23800
280 286
DMF (395) (sh) 410 9.6+0.2 24400 429 234+8 23300
DO 268 280 395 6.4+0.4 25300 406 208+4 24600
L2H, (3.89) (3.93)
288 296 4.2+0.2
DMF (3.94) (sh) 411 15 340 5 24300 422 291+4 23700
po 204 210 " a99 154+07 25100 412 259+15 24300
L°H, (3.57) (3.50)
278 285 3.4+0.3
DMF sh) (3.70) 405 13540 8 24700 436 138+9 22900
260 267
L*H, DO (3.75) (3.78) 392 5.7£0.4 25500 424 140+5 23600
278 280 4.8+0.5
DMF (3.67) (sh) 409 1842 24450 439 280+5 22800

The absorption spectra of the free lig-
ands in dioxane at room temperature are
characterized by wide bands split into two
components with maxima at 260-274 nm
and 270-283 nm (lge = 3.50-3.95), which
correspond to m—m* -transitions of aromatic
fragments (Fig. 3 and Table 1).

It should be noted that as the number of
substituents increases, hypsochromic shifts
in the absorption band maxima are observed,
observed, although the molar extinction co-
efficients and the intensity ratio of the bands
remain constant. In comparison with TBC
(A = 280, A, = 288 nm), the introduction of
one carboxyl group practically does not af-
fect the position and intensity of the absorp-
tion bands. When the number of carbox-
yl (di-, tri- and tetra- substituted ligands)

is increased, a hypsochromic shift of the ab-
sorption band maxima from 3-6 to 14-16 nm
is observed and the absorption intensity de-
creases by 10-12%. These changes, accord-
ing to [8], in the absorption spectra in a se-
ries of carboxy derivatives of the ca-
lix[4]arene are explained by structural
changes in the chain of intramolecular hy-
drogen bonds that form substitutes of the
lower rim. A significant difference should be
noted in the absorption spectra in the
dimethylformamide (DMF) and dioxane
(DO) media, which indicates the interaction
of ligands with the molecules of the basic
solvent - dimethylformamide. Along with
the absorption spectra, the fluorescence /
phosphorescence spectra of the ligands also
undergo significant changes.
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Table3.
Spectroscopic properties of Lu(l11) complexes with L*H, — L*Hs (C=1x10"* M, dioxane)
Complex A1, Mty A, nm (Ig €) Moo | pons | Egsmil | Mehos | Tohos | pgp
2 1 b nm H ] nm ms )
1 283 290 307
LuL™H (3.74) 3.71) (2.85) 404 6.6£0.3 24750 424 25949 23600
2 273 276 320
LuL“H (3.58) (3.59) (2.62) 406 6.0£0.2 24600 420 13348 23800
3 278 284 312
LulL°H (3.20) (3.18) (2.36) 409 8.9+0.1 24450 452 34445 22100
4 277 288 411
LuL"H (3.90) (sh) 9.8+0.2 24300 445 144+5 22400

Solutions of carboxyalkyl[4]arenes in
dioxane show fluorescence in the form of a
broad band in the 390-415 nm region
(24100-25640 cm™, Aye = 300-320 nm),
which corresponds to the transition from the
lower excited 'mn * to the ground level.
When a time delay (10-20 ps) and cooling to
77 K were used, the phosphorescence of the
ligands was detected, the maximum band of
which was batochromically shifted by 15-30
nm relative to the fluorescence (Table 2).
The fluorescence spectra of solutions of all
ligands in DMF, in comparison with solu-
tions in dioxane, are batochromically shifted
by 6-17 nm, and phosphorescence - by 9-24
nm, respectively. The values of the singlet S,
and triplet T, energy lewels, as well as the
energy gaps between them, do not undergo
significant changes, although for L°H, AE
increases by 960 cm™. Biexponential fitting
of the fluorescence decay curves of L*H, -
L*H, in DMF also confirms complexation
with solvent molecules. The largest values of
T in comparison with the rest of the series are
observed for solutions of L*H, in dioxane.
The absorption spectra of lanthanide (111)

14

complexes (Er, Yb, Nd, Lu) with identical
ligands coincide, indicating that the method
of coordination of the lanthanide ion in this
row remains the same. The formation of all
lanthanide complexes with L'H,-L*H, leads
to a bathochromic shift of the maxima of the
absorption, fluorescence, and phosphores-
cence spectra as compared with the ligands
(Table 3). The appearance of a broad band in
the region of 307-320 nm (Ig € = 2.85-2.36)
in the absorption spectra of L'H,-L*H, com-
plexes, according to [10], indicates the par-
ticipation of phenol OH-groups in complex
formation. The stability constants of the cor-
responding complexes were calculated in
anhydrous methanol: (2x10* M): 8.7 + 1.6
(LuL'H), 10.3%¥15 (LuL’H), 14.3+0.8
(LuL®H), 18.4+1.4 (LuL*H). As can be seen
from the data presented, a significant in-
crease in the stability constants is observed
with an increase in the number of
carboxymethoxy groups along the lower rim
of the ligands.

In all LnL'H - LnL,H compounds, 4f-
luminescence of Nd**, Er*" and Yb** ions is
realized in the infrared region of the spec-
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Table4d

4f-Luminescent properties of Ln(111) complexes with L*H,; — L*Hs (C=1x10"* M, methanol)

Complex | &, nm 0x10° 1 (CH30H), |1(CDsOD), |q
mcs mcCsS
YbL'H  982;1004; 1052 3.7 0.62 45.2 1.4
YbL?’H  982;1007; 1050 3.2 0.55 38.4 1.6
YbL’H  978;1002; 1026 4.0 0.71 52.3 1.2
YbL*H  976:1024;1051 2.2 0.41 30.1 2.2
NdL'H  895;1067; 1075 0.23 0.07 0.42 1.2
NdL°H  895; 1065; 1076 0.18 0.05 0.32 1.8
NdL°H  895; 1065; 1075 0.29 0.09 0.54 0.8
NdL*H  889; 1069; 1073 0.15 0.04 0.30 2.4
lium., a.U.
ErL™H 1530 7.8
ErL?H 1530 5.4
ErL°H 1530 9.7
ErL*H 1530 3.6

trum. It is known [11] that the efficiency of
4f-luminescence in lanthanide complexes is
in definite dependence on the energy of the
ligand singlet and triplet lewvels (Table 3). It
was found that the triplet levels of L'H, -
L*H, are higher than the radiating levels of
the lanthanide ions, in particular, Er** (*l 3,
6500 cm™), Yb** (®Fs,, 10300 cm™) and
Nd** (*Fs;, 11460 cm™), which make possi-
ble an intramolecular energy transfer from
the organic part of the complex to the lan-
thanide ion. The lowest energy (22100 cm™)
and the maximum lifetime of the triplet level
(344 ms) were registered for the LuL®H
complex. For mono- and di-derivatives, the
energy of the triplet lewels is practically the
same, while the lifetime of the latter is half
that of the complex with mono-acid.
The 4f-luminescence of Er®** ions with a

maximum at 1530 nm (6540 cm™) corre-
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sponding to the *l;3, — *l;5, transition was
observed for the first time in complexes with
carboxymethoxy  derivatives of  ca-
lix[4]arenes (Fig. 4). The tendency of the
change in the luminescence intensity in
complexes with erbium is analogous to
changes in the values of the quantum vyield
of 4f-luminescence in neodymium and ytter-
bium complexes: ErL®H > ErL'H > ErL’H >
ErL*H.

It was determined that the molecular
fluorescence of carboxymethoxyca-
lix[4]arenes in complexes with Nd** is prac-
tically quenched in comparison with luteti-
um-containing complexes, and the 4f-
luminescence characteristic of neodymium
in the near IR region (850-1100 nm) is ob-
served upon excitation into the ligand ab-
sorption band, which indicates the energy
transfer from the organic chromophore to the
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Fig.4. 4f-Luminescence spectra of Yb(IIl) com-
plexes (a) with L3Hs (1), L'Hs (2), L?Hs (3),
L*Hs (4); Er(111) complexes (b) with L3H, (1),
L*H, (2) (C=1x10" M, MeOH, 298 K)

radiating lanthanide ion. Neodymium spectra
with ligands L'H, - L*H, are characterized
by bands with a maximum in the range of
889-895 nm (11173 - 11250 cm™, *Fy, —
*Ig» transition), 1065 - 1069 nm (9350-9400
cm™) and 1073 - 1076 nm (9250 - 9300 cm’
1), which correspond to the split transition
*F3, — “lyp. The relative quantum vyields
and lifetime of the 4f-luminescence of the
complexes in methanol at room temperature
are (0.15-0.29)x10" and 0.04-0.09 ps (Table
4). The decay curves of the Nd** ion lumi-
nescence in the studied complexes fit to a
single exponential decay law, which indi-
cates the equivalence of the radiating
centers.

The positions of the maxima and the
structure of the 4f-luminescence spectra of
the ytterbium-containing complexes are due
to the ’Fs, — °F7;, (975-986 nm) transition
and practically coincide for all compounds.
At 77 K, the positions of the maxima in the-
se spectra are shifted (by 20-30 cm™) to the
long-wawelength region, and the spectra
themselves are split into three components.
Such a splitting is a consequence of the low

16

symmetry of the coordination polyhedron of

= these complexes. The splitting of the 2Fy,

level is 677, 659, 478, 731 cm™ in complex-
es with L'H, - L*H,, respectively, that allows
us to conclude that the influence of the lig-
and field of L'H, and L?H, is the closest to
the Yb*" ion. It should be noted that the
quantum yield of 4f-luminescence in ytterbi-
um complexes is higher than that for neo-
dymium compounds. Obviously, the deter-
mining effect in this case is caused by the
vibrations of OH and CH groups of mole-
cules surrounding the lanthanide ion, leading
to non-radiative energy losses (Table 4).

The number of methanol molecules
(q(CH;OH), Table 4) in the inner coordina-
tion sphere of Nd** and Yb** ions in com-
plexes with L'H, - L*H, was determined
based on the lifetime of 4f-luminescence in
CH;OH and CD;0D according to [12]. The
largest number of solvent molecules is char-
acterized by complexes of Nd** and Yb**
with tetra- derivative: 2.2 and 2.4, respec-
tively. In complexes with mono- and di-
derivatives, the coordination sphere of lan-
thanide ions contains practically the same
number of methanol molecules (1.2-1.8),
which indirectly confirms the similarity of
coordination nodes of the corresponding
complexes. As for complexes with a tri-
substituted calix[4]arene, the number of
CH;OH molecules in them is the smallest,
which explains the highest values of the
quantum vyields in a series of these com-
pounds.

Authors are grateful to the National
Academy of Sciences of Ukraine for the fi-
nancial support of this work.

CONCLUSIONS. Thus, based on the
combination of the results obtained by
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means of elemental analysis, mass spec-
trometry, IR and "H NMR spectroscopy, and
taking into account the data of pH-metric
titration, spectrophotometric and lumines-
cence measurements, it can be concluded
that lanthanide ions form neutral complexes
of 1:1 ratio with L'H, - L*H,. This is ex-
plained by the presence of mobile hydrogen
atoms of phenol and/or carboxyl groups in
the molecules of these ligands. An increase
in the number of donor substituents leads to
changes in the number of solvent molecules
in the series L®H, < L*H, < L*H, < L*H,
from 0.8 to 2.4 for neodymium complexes,
from 1.2 to 2.2 - for ytterbium complexes.
Both the quantum yield and lifetime of the
4f-luminescence of the neodymium and yt-
terbium complexes and also the lumines-
cence intensity of the erbium-containing
compounds change in the same order.

OCOBJIMBOCTI CTPVKTYPU TA CIIEK-
TPAJILHO-JIFOMIHECLIEHTHUX BJIAC TU-
BOCTEHN KAPBOKCUMETOKCHU3AMI-
[IIEHUX KAJIIKC[4]APEHIB TA IX
KOMIUIEKCIB 3 IAHTAHIIAMU
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JlocaimKeHo CIIEKTPaIbHO-TIOMIHECIISHTH 1
BJIACTUBOCTI PBHHUX KapOOKCHMETOKCH3aMIille-
HUX n-mpem-OyTui-Kamikc[4]apeHiB Ta iX
komrmiekciB 3 jaHtanimamu (Nd, Er, Yb), sxi
BUSABIAIOTE 4f-mrominecuenuiro B [Y-o6mnacri
cnekrpa. [IpoaHanizoBaHO BIUIHB 3aMIlCHHS

(beHOJIPHUX aTOMIB BOJIHIO KapOOKCUMETOKCUTI-
pyllaMi Ha CTaOUIBHICTH Ta CIEKTPAILHO-
JIFOMIHECIIEHTHI XapaKTePUCTUKU SK JIITaH[IB,
TaK 1JaHTaH IMTHUX KOMILIEKCIB.

KnogyoBi1 c¢ca o B a: karikc[4]apeHu,
JAHTAHIIBMICH1 KOMIIJIEKCH, JIOMIHECICHII Yy
ommxuii [4Y-obmacri

OCOBEHHOCTH CTPYKTVYPbI "
CIIEKTP AJIbBHO-JIIOMWHECIHEH THBIX
CBOMCTB KAPBOKCHMMETOKCH 3AME-
HIEHHBIX KAJIMKC[4]APEHOB M HX
KOMIUIEKCOB C IAHTAHUJAMU
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HccnenoBanbl  CHEKTpaIbHO-JTIOMUHECIICHTHEIE
CBOMCTBAa pa3IMYHBIX KapOOKCHMETOKCHU3aMe-
MICHHBIX n-mpem-0yTuia-Kaaukc[4]apeHoB u ux
komIiekcoB ¢ manTanugamu (Nd, Er, Yb), kxo-
Topeie mposiBisitorT 4f-mromunectienmmioo B K-
obnactu crekrpa. [Ipoanamu3upoBaHO BIMSHHE
3aMeIeHus] (PeHOTBHBIX aTOMOB BOJOpOJa Kap-
OOKCUMETOKCUTPYIIIIAMH Ha CTaOMIIBHOCTh H
CHEKTPATBHO- TIOMUHECIICHTHBIC XapaKTEePHCTH-
KA Kak JIMTaHJO0B, TaK M JIAHTAHUIHBIX KOM-
ILJICKCOB.

KnwoueBsie cioBa:kamukc [4] apeHsl,
JAHTaHUJHbIE KOMILJIEKCHI, JTIOMUHECHEHLIUS B
ommkuerr MUK-obmactn
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B3AEMOIIA OKCUAIB TAHTAHY TA JIIOTENIIO ITPU TEMITIEPATYPI1500-
1600 °C

1IHcmumym npobnem mamepianosnascmea im. 1. M. @panyesuva HAH Ykpainu, eyn. Kpowcusrcanos-
cvroeo, 3, Kuis, 03142, Ykpaina

2 Hayionanonuu mexnivnuu ynisepcumem Yxpainu "Kuigcokuii nonimexuiunuti incmumym imeHi
leops Cikopcvkoeo”, np-m [lepemocu, 37, Kuig, 03056, Ykpaina

“e-mail: chudinovych_olia@ukr.net

Marepianu, Ha OCHOBI OKCH/IIB PiIKICHO3EeMEIbHHU X €JIEMEHTIB MalOTh IMIMPOKUN CIEKTP
3aCTOCYBaHHS, MPOTE (a3oBa B3aEMOJIi Y CHCTEMaXx Ha iX OCHOBI paHillie CHCTEeMaTH-
HO He BuBUYeHa. ®a30Bi piBHOBArM Ta CTPYKTYPHI MepeTBOpeHHs y cucteMi LapOsz—
Lu;O3 mpu 1500-1600 °C BHBYamM MeToAaMH PEHTIeHO(A30BOro aHaliBy Ta €JIEKT-
POHHOT MIKPOCKOM il Y BCbOMY IHTEpBai KOHI[EHTpaIiid. 3pa3ku Pi3HUX CKIaJiB roTyBa-
JIX 3 PO3YUHIB HITPATIB 3a JIOMOMOTOK 3BHYAHHUX KEepaMIMHUX METOJIMK: BUTIAPOBY-
BaHHJ, CYIIIHHS Ta MpoxkaproBaHHs. Y cucreMi La,O3z—Lu,O3 yrBoproroThes mosst TBe-
pAMX pO3UMHIB Ha OCHOBI rekcaroHanbHoi (A) momu dikarii LayO3, xkydiunoi (C) moau-
dikamii LuyO3 Ta ymopsimkoBaHa asza 31 crpykryporo Ty nepoBckuty LaLuOs (R) 3
POMOTMHMMH CIIOTBOPEHHSIMHU. BH3HAaYeHO mapaMeTpy eleMEeHTapHOi KOMIpKH Ta MexXi
($a30BUX MOJIB TBEPAUX po3unHB. CHUCTEMaTHUHE IOCTIKEHHS BChOTO CHEKTPY 3pas-
KiB yTBOpEHHS HOBUX (pa3 HE BUSABUIO. ['paHnyHa po3umHHICTH LupyO3 B TekcaroHaib-
Hit A-LayO3 wmomudikarii mocsrae ~ 9 mon. % mpu 1500 1 1600 °C. I'panuuna po3s-
ynHHICTh Lap03 B kyOiunii C-Lwup,O3 momidikamii mnocsrae ~ 4 mon. % mpu 1500 i
7 mon. % npu 1600 °C.

KnmouyoBi cuoBa:(}a3oBipiBHOBArk, OKCUJ JAHTAHY, OKCU /T JIFOTEIL If0, TBEP/1 po-
3YMHU, TApaMETPH €JIEeMEHTAPHOI PEILITKH.

BCTVII. Po3po0Oka NOpPOHMIKOBHX HAaHO- IIHWHOIO CTIMKICTIO, BUCOKOIO TEILJIOIPOBiI-
TEXHOJIOT1 CTBOPEHHsA Mpo30poi (YHKILIO- HICTIO, TOOPUMH TepMOMEXaHIYHUMHU BJac-
HaJIbHOI KepaMiKW € OJHHAM 3 TIEPCTIEKTUB- THUBOCTAMH, XIMIYHOIO CTIHKICTIO Ta TePMIiU-
HUX HanpsMKIB Cy4acHOTO Marepiajio3HaBc- HOW cTaliibHicTIO. Kepamika Mae BHCOKY
TBa. [HTEpEC 10 OMTUYIHMUX KePaMiK 5K Jla3e- TEXHOJIOTIYHICTH BUTOTOBJICHHS, ILIHPOKI
pPHUX, CUUHTWIALIWHUAX CEPEeIOBHUIl 00yMO- MOKIHMBOCTI BapirOBaHHS XIMIYHOTO CKJIaay
BJICHUI BHCOKOIO ONTHYHOKO MPO30PICTIO ¥ 1 MOXYTh OyTH OTpUMaHI Y BUTJISAII KOMIIO-
IIUPOKOMY Jiana3oHl JOBXKHH XBWIb, pajia- 3UTHUX EJIEMEHTIB 3 PI3HOIO CTPYKTYPOIO.

© O. B. Yyninosuu, H. B. XKmanroxk, 2020
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JlociikeHHsT Alarpam CTaHy Ha OCHOBI
OKCHIIIB PIAKICHO3EMEJIbHUX €JIEMEHTIB €
OCHOBOIO [UJII OTPHMAaHHS TEpCIie KTUBHUX
KepaMiuyHUX MaTepiajiB (yHKIIOHAIbHOTO
npmHaueHHA [1-6]. Martepianun Ha OCHOBI
cuctemu La,0O3—Lu,O3 MOXyTh OyTH BHKO-
pHUCTaHHI JJIl CTBOPEHHS BHCOKOTEMIIEpary-
pHO1 kepamiku Ha ocHOBI SizN, [7], B onTu-
YHii mpomucioBocTi [8], st mienekTpuy-
HUX TWTBOK [9], Tomio. ®a3oBi piBHOBAaru y
cuctemi La,O3—Lu,0O; mocmimkeHO 3a 10TI0-
MOTOI0 PEHTI€HIBCHKOTO Ta TEPMIYHOTO
aHami31B MpU BHCOKHMX TeMieparypax [10].
Kpucranizamier po3miaBy Biff TeMreparypu
Buie 2000 °C oTpuMaHi MOHOKPHCTATH Tie-
poBckuty LalLuQOj;. IlapameTtpu pomOGiuHOT
komipku: a = 6.00, b = 5.79, ¢=8.35 nm,
npoctopoBa rpyna Pnam [10]. V po6ori [11]
HaBEJICHO PO3paxyHOK KHCHEBHX BaKaHCiH B
La,0s3, Lu,Os, LalLu,Os;, nanux mpo dazosi
He HaBegeHo. O0IacTh TBEPAUX PO3YMHIB HA
OCHOBI TIOJIMOP(HUX MOTU(IKaIIH OKCHIIB
La,03, Lu,O; ekcriepuMeHTaIbHO HE BH3Ha-
YEeHO, aJle PO3paxoBaHO 3a JOTIOMOTOIO Ipo-
rpamu Thermo—Calc [11]. IIi xani gero cy-
nepeyvarb paHilie OmyoTiKOBaHUM pPe3yJIbTa-
TaMm, TOMY JiJIsl IOOyJIOBH JllarpaM CTaHy IO-
TpiHUX CHUCTEM, SIKI 3aCHOBaHI Ha BiJITIOBII-
HUX 3HAHHAX TPO TIOJIBIWHI CHCTEMH, HEOO-
X1JHO JOCJIIAUTH B3a€EMOIII0 OKCHIIB JIaHTa-
Hy Ta JIIOTEIII0 i BCTAHOBUTH MeXi (a30BUX
noJiiB pu TeMaeparypax 1500-1600 °C.

MeToro maHOi poOOTH € IOCIIiIKE HHSI
B3aEMOIIT OKCHIIB JIAaHTaHy Ta JIOTEIIIO,
noOyaoBa JiarpaMmu ctany cuctemMu La,Os;—
Lu,0O; mpu temmepatypi 1500-1600 °C nHa
OCHOBI JIaHUX PeHTre Ho(ha30BOTO aHANI3y Ta
MIKPOCKO ii.

EKCHHEPUMEHT I OBI'OBOPEHHA
PE3YVJIBTATIB. 1na nocnimxeHHs (Ha3zoBUX

piBHoBar y cuctemi La,O;—Lu,O; mpu
1500 °C 1epM0006pOoOKY 3pa3KkiB MPOBOIUITU
y 1Bl cTanii: y meui 3 HarpiBauamu H23UST
(dexpanp) i B meyi 3 HarpiBauam i3 JIUC WTi-
iy moutioaeny (MoSi,) mpu 1500 °C mpo-
irom 70 rox. Ilpu 1600 °C tepmooOpoOKy
3pa3KiB MPOBOIWIN Yy TPH CTaali: y medi 3
HarpiBauamu H23UST (dexpanp) 1 y meui 3
HarpiBadaMu 13 JUCHWIIKIY MOJIOAEHY
(MoSi,) mpu 1500 °C i 1600 °C (10 rom).
Bignan 6yB 6e3nepepBHuM. [loBHOTY cuHTE-
3y TePeBIpsSn Yepe3 BU3HAYCHI MPOMIKKH
gacy. OXOJIOJKEHHSI TPOBOIWIM Pa3oM i3
MY4Io.

®da30BU aHai3 3pa3KiB IMPOBEJCHO Ha
OCHOB1 JaHUX PEHITEHIBCBKUX Ta MIKpO-
CTPYKTYPHHUX JOCIIKE Hb.

PenrrenodazoBuii anani3 3paskiB BUKO-
HAaHO 32 METOJOM TMOPONIKY Ha YCTAaHOBIN
JNPOH-3M nmnpu KiMHaATHI TeMmmepaTypi
(BunpominroBannsi CuKa). Hanpyra Ha pes-
TreHiBChbKii TpyOui ckiagana 30 kB, cuna
ctpymy — 20 MA, KpPOK CKaHyBaHHS —
0,05-0,1 rpax, excrno3umisi 4 ¢ y AiamazoHi
KyTiB 20 = 15-90 rpag. [1apameTpu eneme v-
TapHUX KOMIPOK PO3PaxOBaHO 3a METOJIOM
HAaWMEHIIMX KBaJApaTiB 3 BHUKOPHCTAHHIM
nporpamu LATTIC 3 moxuOkoro He HIK4e
0,0002 um nns kyOiuHOT pazu. i 11eHTH-
¢ikamii ¢a3 BUKOpUCTOBYBaAIM 0a3y JaHUX
MiXHapoTHOTO KOMITETY MOPOILIKOBHUX CTa-
HaapTiB (JSPDS Mixunapoauuii eHTp Aud-
pakiifauX nanux, 1999).

MikpocTpyKTypyd BHBYAIHM 3a JIONIOMO-
rOI0 PacTpOBOi E€NEKTPOHHOI MIKPOCKOMIi
(SEM) y 3BopotHo (BSE) i BTOpunHO (SE)
BI1AOUTHX €JIEKTPO HAX Ha npwiaaax
SUPERPROBE-733 (JEOL-Japan).

Buxigauit xiMmiuemi 1 QaszoBuit ckiajg
3pa3kiB, BinnaiteHux npu 1500 1 1600 °C,
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Taoauma

Bnuxignna xivMiaan i fa3oeHE cRIa1H, TapaMeTpPH eTeMeHTAPHHEY KoMipok a3 mic/ 1 BHIATY 3paskiE CHCTEMH
Laz03-Luy(: mpa 1500i 1600 °C

1500 °C T600 °C
TlapaeTpHE STSESHTADERE EoMpoE das, B TIapmesTpH STSESHTIPHEEY EoMpok das, B
s s
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i I8
42 | s8 | =ce+R 1,0386 | 09088 | 0,8355 | 0,5821 | <C>+R Lo | o 6030 :'=§“,“ 0, 5800
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napaMmeTpH eJeMeHTapHOi KoMmipku (a3, 1mo
3HAXOASTHCS Y pIBHOBA31 MpH LUX TeMIepa-
Typax, HaBeJeHo B Tabui 1.

Hocmimkennss TBepaodaszHoi B3aemonii
La,O; (rekcaronampuHa moaudikamis, A) 1
Lu,O3 (kyOiuna mMomudikaris OKCHUIIB PiJi-
KICHO3eMENbHUX eJeMeHTIB, C, CTpYKTypa
turty T1,03) mpu Ttemmeparypax 1500,
1600 °C mnokazano, mo B cucteMi La,Oz—
Lu,O3; yTBOPIOIOTBCSI TPH THUIT TBEPIUX PO-
34YMHIB: HA OCHOBI T'€KCcaroHajbHOi Moaudi-
kamii A-La,0;, xybiuHOi Monudikamii C-—
Lu,O3 i BropsinkoBanoi ¢asu LalLuO; (R),
10 KPUCTANI3YEThCA Y CTPYKTYpl THITy Iie-
POBCKUTY 3 pPOMOIYHHMHU BUKPHBJIECHHIM
(puc. 1).

ISSN 0041-6045. YKP . XIM . XVYPH ., 2020, .86, No 3

Pozuwmnnicts La,0O; B C-moaudikarii
Lu,O; ctasoButh 4 Mon. % mnpu 1500 Ta
7 mon. % mpu 1600 °C. IlapameTpu eseme-
HTapHoi koMipku npu 1600 °C 36imburyeTh-
ca Big a = 1,0390 am g wuctoro Lu,O5; mo
a =1,0404 BM s TPaHUMIHOTO CKIIANy TBE-
PIIOTO PO3YHUHY.

Pozuwmnnicte LU,O3 B TekcaroHaibHil
A-moaudikami La,O; cranoBurs 9 Mo %
npu 1500, 1600 °C. 3rigHo 3 nanmmu PDA,
B 3pa3kax, mo MicTiaTh Bix 100 1o 55 mon. %
La,O; 3amicte TekcaroHampbHOI (azu A-—
La,O; yTBOpIHOETHCS TeKcaroHadbHa MOJIU-
¢ikamis rigpokcuny nantany A—La(OH)s,
OCKUJIbKM OKCHJl JIaHTaHy Ha MOBITpl rijpa-
tye. [lapamerpm eneMeHTapHOT KOMIpKHU

21
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T, °C
1600 © |@ [ ] | 004
s A+R . R+C ‘
1500 © |@ [ ] > 0D«
T T T T X T X T
La:0 20 40 60 80 Lu203

MolL, %
Puc. 1 [liarpama crany LapO3—LuyO3 B iHTEpBaTi
temneparyp 1500-1600 °C: o —ogroazui, @ —
IBoQa3H13pa3ku

3MiHIOIOTECS Big a = 0,6523 mm, ¢ = 0,3855
oM aJis yuctoro La(OH); o a = 0,6516 um,
¢ = 0,3841 um nns nBoazHoro 3pazka (4 +
R), mo mictuts 90 Mon. % La,O3; — 10 mom.
% Lu,O5 (1500 °C).

BukopucroByroun naHi peHTreHodaso-
BOTO aHaJi3y 1 KOHIEHTpAIliiHl 3a]ie>KHOCTI
napaMmeTpiB eJieMeHTapHOT KOMiIpKH BCTaHO-
BJICHO, 110 BriopsakoBaHa (aza LalLuO; (R)
npu Temrnepatypi 1500 °C icHye B iHTepBai
koHneHTpammi 48—-53 mout. % mpu 1500 °C 1
48-55 mon. % Lu,O; mpu 1600 °C. [Tapame-
TpU eleMeHTapHOi kKomipku R-da3zu 3mi-
HroroThea Bim a = 05996, b = 0,8374,
¢ =0,5809 um nys omHOa3HOTO 3paska, IO
Mmictuth 46 moma. % La,05 1o a =0,6022, b =
0,8308, ¢=0,5817 mm nns aBodazHOTO 3pa-
3ka (R + C), mo mictuth 55 mon. % La,Os.

3MiHy MIKpPOCTPYKTYpH ABOGa3zHUX 3pa-
3kiB (C + R) B 3aeKHOCTI BiJl KOHIEHTpALIi
OKCHY JFOTCINI0 MOKHA YITKO MPOCTEKUTH
Ha puc.2. CiTna obnacte — ¢paza C—LUu,0s.
Temua o6iacts — ¢aza LaLuO; (R), mio mif-
TBepaxkeHo PDA. 31 3MEHIICHHAM BMICTY
OKCHUY JIIOTEII0 KUIbKICTh a3y THUITY Iie-

POBCKUTY 30UIbIIYETHCS, 3MIHIOETHCS MOP-
douorist 3pa3kiB, 3'BISIOTHCS MOPHU Xapak-
TepHl Ay Ot Kpuxkoi C—da3zu. Mikpo-
CTPYKTYpHI JOCHIKeHHS Yy ABOoGa3Hii 00-
Jac Tl JO3BOJIWIN CTIOCTEPITATH 32 TIPOTIECOM
BIOpAAKYBaHHA R-pa3zu, skuil mnporikae
BHaCHAO0K audy3ii 10HIB La® B TBEPI U
po3unH Ha ocHoBi C-LU,O3; Ta HacTymHe
nepeOyayBaHHA Trparku. MIKpPOCTPYKTYpH
st iHmux (azoBux obnacteit He € 1HDOP-
MaTUBHUMMHU.

Puc. 3pa3KiB

2 MikpocTpyKTypu
La;O3-Lup,O3 Bumastenux npu 1500 1 1600 °C:
a) 10 mon. % La,O3-90 mom. % LuyOs3 (1500
°C); 6) 44 wmon. % Lay03-56 mon. % LupO3
(1500 °C); B) 10 mom. % Lay0O3—90 mon. %
Lu03 (1600 °C); 1) 44 mon. % LapO3-56 mo.
% LuyO3 (1600 °C)

CUCTCMH

BHUCHOBKH. TakuMm 4MHOM, y pE3YJib-
TaTi BUBYEHHS ()a30BUX PIBHOBAr B CHUCTEMI
La,03—Lu,0O5; mpu 1500 i 1600 °C BcTaHOB-
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JICHO, 110 B CUCTEMI YTBOPIOIOTHCS 00IacTi
TBEPAHMX PO3YMHIB HA OCHOBI T'€KCaroHalb-
HOi (A4) 1 ky6iuHOi (C) KpUCTaNIYHUX MO U-
dikamiii BUXiTHMX KOMIIOHEHTIB, a TaKOX
yHOPAAKOBAaHOT (asu THUIy TIEPOBCKHUTY
LaLuO; (R).

B3AMMOJIEMCTBUE OKCHJIOB JIAHTA-
HA " JIIOTELIUA TIPU TEMIIEPATYPE
1500-1600 °C

O. B. Uynunosuu, H. B. XKnantok
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* E-mail: chudinovych olia@ukr.net

Marepuanbsl Ha OCHOBE OKCHJIOB PEIKO3EMEIb-
HBIX 3JIEMEHTOB HMMEIOT IIMPOKUN CHEKTp IMpH-
MEHEHHS, OJHAaKO ()a30BOE B3aMMOJACHCTBUE B
CHCTeMaxX Ha UX OCHOBE paHee CHCTEMAaTHUYECKU
He u3ydyeHo. da3oBble paBHOBECHS U CTPYKTYp-
Hble TpeoOpasoBanus B cucteme LaO3—LupO3
npu 1500-1600 °C usywanm mMeromamMu peHTre-
HO(A30BOI0 aHalu3a U 3JIEKTPOHHOH MHKpO-
CKOIIMU BO BCEM MHTEpBaJie KOHLeHTparuid. O6-
pasibl Pa3TUYHBIX COCTAaBOB TOTOBMJIM U3 pac-
TBOPOB HHUTPATOB C IOMOIIBIO OOBIYHBIX Kepa-
MHYECKHX METOJMK: UCHApeHue, CYIIKd U IMpo-
kanuBaHus. B cucreme LayO3—-Lu,O3z obpasy-
FOTCSI TIOJIST TBEPJIBIX PACTBOPOB Ha OCHOBE TEK-
caroHaiapHOU (A) Momudukaruu LapOs, kyOuye-
ckoit (C) mommdukanmm LupO3 m crpykrypa
tuna neposckuta LaLuO3 (R) ¢ pomOuueckumu
uckakeHusAMH. OnpeneneHsl MapaMmeTpbl Je-
MEHTApHOU sMEMKM U TpaHHIbl (A30BBIX MOJIEH
TBEPJBIX pacTBOpoB. CHCTEMaTHUECKOEe HCCIie-
JIOBAHHE BCETO CIIEKTpa 00OpasioB 0Opa3oBaHUs

HOBBIX (pa3 He BbIBUIO. [IpenenvHas pacTBo-
pumocth LuyO3 B rekcaronanpHoi A-LayOz mo-
mudukanuu gocturaet ~ 9 moi. % mpu 1500 u
1600 °C. TIpenenvHas pactBopuMocTh La;O3 B
kyonueckoit C-Lu,O3z Moaudukanuu JOCTUTaeT
~ 4 mon. % npu 1500 u 7 moa. % npu 1600 °C.

KnwouyeBbie cioB a:(a3oBsie paBHOBE-
CHs, OKCHUJI JTJaHTaHa, OKCHUJ] JIIOTEIUs, TBEPIbIC
pacTBOpBI, MapaMeTPhl JIEMEHTAPHON PEILETKH.

INTERACTION OF LANTHANE AND
LUTETIUM AT TEMPERATURE
1500-1600°C

0. V. Chudinovych®, N. V. Zhdanyuk?

Frantsevich Institute for Problems of Materials
Science of National Academy of Sciences of
Ukraine, Krzhizhanovsky str., 3, Kyiv, 03142,
Ukraine

National Technical University of Ukraine " Igor
Sikorsky Kyiv Polytechnic Institute™, 37 Victory
Ave., Kyiv, 03056, Ukraine

“e-mail: chudinovych_olia@ukr.net

Materials based on La;O3—Lu,O3 system are
promising candidates for a wide range of appli-
cations, but the phase relationship has not been
studied systematically previously. To address
this challenge, the subsection of the phase dia-
gram for 1500 and 1600 °C have been elucidat-
ed. The samples of different compositions have
been prepared from nitrate acid solutions by
evaporation, drying and heat treatment at 1100,
1500 and 1600 °C. The phase relations in the
binary La,O3-Lu,O3 system at 1500 and 1600
°C were studied from the heat treated samples
using X-ray diffraction analysis and scanning
electron microscopy in the overall concentration
range. The X-ray analysis of the samples was
performed by powder method using DRON-3 at
room temperature (CuKa radiation). It was es-
tablished that in the binary LapO3—Lu;O3 system
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there exist fields of solid solutions based on
hexagonal (A) modification of La;O3, cubic (C)
modification of Lu,O3, and with perovskite—type
structure of LaLuOs (R) with rhombic distor-
tions. The systematic study that covered whole
composition range excluded formation of new
phases. The systematic study that covered whole
composition range excluded formation of new
phases. The boundaries of mutual solubility and
concentration dependences the lattice parameters
for all phases have been determined. The solu-
bility of Lu,O3 in the hexagonal 4—lanthanum
modification is ~ 9 mol. % at 1500 and 1600 °C.
The solubility of La,O3 in the cubic C-Lu,O3 is
~4 mol. % at 1500 and 7 mol. % at 1600 °C.

K eywo rds: phase equilibria, lanthanum,
lutetium, solid solutions, lattice parameters.
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COMPLEXATION OF MOLIBDENUM(VI) WITH 6,7-DIHYDROXY-4-METHYL-
2-PHENYLCHROMENYLIUM AND ITS HALOGEN DERIVATIVES IN
SOLUTIONS
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The complexation of molybdenum(VI)  with  6,7-dihydroxy-4- methyl-2-
phenylchromenilium (MPDOCHh) and its chlorine and bromine derivatives containing a
halogen atom in 4th position in phenyl ring was studied. The composition of the com-
plexes Mo(VI) : L = 1:2 was established by classical spectrophotometric methods.
Based on a combination of spectrophotometric and mass-spectrometric data,
complexation way is proposed. It was shown that MoO,2" cation acts as a complexing
agent, and the ligand involved into reaction in the form of an anhydrobase. The analyti-
cal characteristics of the resulting complexes were determined, and it was also noted
that the halogen derivatives of MPDOCh form more intensely colored and stable
complexes with Mo(VI).

Keywo rds: 6,7-dihydroxy-4-methyl-2-phenylchromenylium; molybdenum(V1);

com-plexation; spectrophotometry.

INTRODUCTION. One of the significant
problems of chemical analysis is the control of
the heavy metals content in objects of various
nature. Polyvalent metals are of interest, in
particular, molybdenum, which is an im-
portant essential trace element that is part of a
number of metal enzymes involved in meta-
bolic processes. The most reactive forms of
Mo (VI) in acidic medium are molybdenyl
cations MoQ,”*, which can form complex
compounds mainly with O- and S-containing
ligands [1]. The state of analytical chemistry
of molybdenum and methods for its determi-
nation were considered in [1-3]. Effective
methods have been proposed for determining

Mo (VI), for example, atomic absorption [4,
5], woltammetric [6, 7], and mass spectromet-
ric [8]. Howeer, these methods are costly and
require highly qualified service. Spectropho-
tometry remains the simplest and most com-
mon method for determining molybdenum [9—
12]. The possibility of colorimetric determina-
tion of Mo (VI) after its micellar extraction
concentration in the form of a complex with
salicyl fluorone and a cationic surfactant was
shown in [13].

As a rule, Mo (VI) interacts with hy-
droxyl-containing  ligands —  hydro-
Xybenzenes, trioxyfluorones, and
dioxychromenols (DOCh) mainly in an acid-
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ic medium [1-3]. The latter are of interest
because they form intensely colored and sta-
ble complexes with Mo (VI), W (VI), Bi
(1), Ga (1), In (1) and some other metal
ions [14, 15]. Using DOCh derivatives, sen-
sitive photometric methods for determining
Mo (VI) have been deweloped [15, 16]. In
turn, the potential for modifying the reagents
of this class has not been fully exhausted.
For example, the introduction of halogen
atoms promotes a shift in the pH of
complexation to a more acidic region and,
consequently, an increase in selectivity, and
also often leads to an increase in the contrast
of the reaction and the sensitivity of the de-
termination.

Based on the foregoing, the aim of this
work is to study the complexation of Mo
(VI) with halogen derivatives of 6,7-
dihydroxy-4-methyl-2-phenylchromenilium
in aqueous solutions; establishing the chem-
istry of their interaction, as well as determin-
ing the corresponding chemico-analytical
characteristics.

EXPERIMENT AND DISCUSSION
OF THE RESULTS.. Derivatives of
dihydroxychromenilia: 6,7-dihydroxy -4 —
methyl -2- phenylchromenilium
(MPDOCNHh), 6,7-dihydroxy-4-methyl-2-(4-
bromophenyl)-chromenilium (4'-Br-
MPDOCh), and 6,7-dihydroxy-4-methyl-
2- (4-chlorophenyl)-chromenilium (4'-ClI-
MPDOCh) perchlorates were synthesized
by condensation of equimolar amounts of
pyro-gallol A and the corresponding p-
dicarbonyl compound in acetic acid medi-
um with the addition of 50% perchloric
acid, according to the scheme:

The individuality and purity of the
synthesized compounds were confirmed

by high performance liquid chromatog-
raphy. We used an Agilent Technologies
1260 Infunity chromatograph with an Ag-
ilent Technologies 6530 Accurate-Mass
Q-TOF LC/MS mass detector (column
temperature 35 °C; DOCh concentration
in the analyzed solution 1 mg/ml; injec-
tion wolume 2 ul; column - Zorbax
4.6x100 mm, 3.5 um; mobile phase - ace-
tonitrile-0.1% aqueous solution of formic
acid, 60:40).

Absorption spectra in the range 380-
780 nm were recorded on Specord UV
VIS and SF-56 spectrophotometers in cu-
vettes with an absorbing layer thickness of
1,2, and 3 cm. The acidity of the medium
was monitored using an ESL-63-07 glass
electrode paired with silver chloride com-
parison electrode EVL-1M3 on the 1-160
ionomer, calibrated according to standard
pH buffer solutions.

DOCh working solutions with concen-
tration of 1:107> mol/dm® were prepared by
dissolving an exact weighed reagent in a
mixture of ethanol with dimethylformamide
(5 wl%). The initial Mo (VI) solution with a
concentration of 1:10 mol/dm® was pre-
pared by dissolving 1.7651 g of
(NH4)§M070,,4-4H,0 in hot distilled water,
after cooling to 20 °C bringing volume to 1 |
and standardized titrimetrically. Solutions
with lower concentrations were obtained by
diluting the initial one immediately before
use. Reagents of qualification not lower than
analytical grade were used, the required
acidity was created with solutions of sulfuric
acid and sodium hydroxide, and with the
help of acetic acetate buffer solution.

To optimize the conditions for the
complexation reaction, Mo (VI) and DOCh
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Fig. 1. Light absorption spectra of MPDOCh
derivatives (dashed line) and their complexes
with Mo (VI1): 4'-CI-MPDOCh (a) and 4'-Br-
MPDOCh (b), Mo:L=1:2,1=1cm.

solutions with a concentration of 1:10™° —

1-10™* mol/dm?® were mixed in different mo-
lar ratios in the pH range 1-8 (ApH = 0.5)
and the light absorption intensity was rec-
orded relative to the solution of the blank
experiment. The stoichiometry of the prod-
ucts of interaction was established by the
methods of isomolar series, molar ratios, and
equilibrium shift; molar absorption coeffi-
cients and stability factors were calculated
by the method [17]. Mass spectra were rec-
orded by the FAB method on a VG 70-70EQ
mass spectrometer using a beam of Xe atoms
with an energy of 8 kV.

Changes in the absorption spectra during

the complexation of Mo (VI) with different
DOChs are similar. Figures 1 and 2 show the
absorption spectra in the Mo (VI) —4'-Cl-
MPDOCh and Mo (VI)-4'-Br-MPDOCh
systems with the ratios Mo : L = 1:2. As
seen from fig. 1, the interaction of 4'-Cl-
MPDOCh with Mo (VI) is accompanied by a
bathochromic shift at 65 nm, 4'-Br-
MPDOCh with Mo (VI) — at 70 nm, which
indicates an increase in the length of the
conjugation chain.

When optimizing the conditions for the
interaction of Mo (VI) with MPDOCHh deriv-
atives, the influence of the medium acidity
was first investigated (Fig. 2). The stoichi-
ometry of complexation was studied under
optimal conditions for the interaction of hal-
ogen derivatives of DOCh with Mo (V1) us-
ing classical methods: isomolar series, met-
al/ligand saturation, and, as an example,
Figure 3 shows the results of processing the
ligand saturation curves by the equilibrium
shift method. An analysis of these data, as
well as those obtained by the methods listed
abowe, allows us to draw a conclusion about
the formation of Mo (VI)-DOCh complexes
with a composition of 1:2.

The interaction products in the Mo (VI) -
DOCh systems were isolated in a solid state
and studied by mass spectrometry with ioniza-
tion by bombardment with fast atoms (Fig. 4).

In the mass spectrum of the Mo (VI) -
PDOCh complexes, a polyisotope cleavage
with a maximum at m/z 631 is observed, which
corresponds to the protonated MoO,L, com-
plex. Signals are present at m/z 381 and 395,
indicating the cleavage of one MPDOCh mole-
cule and the corresponding MoO,L" particle
and the protonated MoO(OH),L complex.

A L+ ligand signal with m/z 253 and a set
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of matrix signals are also observed.

In the case of complexes of Mo (VI) with
halogen derivatives of MPDOCHh, peaks of sim-
ilar ions are observed in the mass spectra.

Based on the obtained experimental re-
sults and published data on the state of Mo (V1)
and DOCh in solutions [8, 9], it can be as-
sumed that the complexation scheme has the
form of:

HO,

A 12 a
1.0
08 r
06
04 F
02
0.0 -
0 2 4 6
pH
A 14 r 6
1.2
3
08
0.6 |
04
02
0.0
0 2 4 6 8 10

pH
Fig. 2. The effect of pH on the complexation of
Mo (VI) with 4'-CI-MPDOCKHh (a) and 4'-Br-
MPDOCHh (b), I =2 cm.

IS (Aeas-A))
1.0 -
[

y=2.1813x + 9.9841
R*=0.59407
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Igfm""“na :'A}}

. 15 4
y=2.1627x + 10.178 1.0 1
R? = 0.9308
0.5 4
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Fig. 3. Determination of the composition of Mo
(VI) complexes with 4'-CI-MPDOCh (a) and 4'-
Br-MPDOCh (b) by the equilibrium shift meth-
0d. CR=4-10° M, 1=2cm

The two anhydrobase molecules of the
corresponding DOCh form two bonds with
the molybdenyl cation through the carbonyl
oxygen at position 7 and deprotonated hy-
droxyl group at position 6. The basic chemi-
cal and analytical characteristics of the stud-
ied complexes are listed in the table.

According to the table, it can be con-
cluded that the introduction of halogen at-
oms into the reagent molecule shifts the op-
timal pH of complexation to the acidic re-
gion the stronger, the greater is the electro-
negativity of the halogen. The molar coeffi-
cient of light absorption and the contrast of
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Fig. 4. Mass-spectrum of Mo(VI) complex with MPDOCh

Formation conditions and chemico-analytical characteristics of the Mo(VI) complexes
with 6,7-dihydroxy-4-methyl-2-phenylchromenilium derivatives in solutions

Reagent MO(V[) 'L pHopt A, NM AX, nm 8-10_4 lgB

MPDOCh 1:2 2.5 485 50 13 11.23
4'-Br- MPDOCh 1:2 1.5 490 70 2.3 10.18
4'-Cl- MPDOCh 1:2 1.0 495 65 19 9.98

the reaction increase in the series MPDOCh
- 4'-CI-MPDOCh - 4'-Br-MPDOCh, which is
associated with the effect of “weighting” of
the reagent molecule, and the corresponding
complexes can be effective analytical forms
for the dewelopment of methods of photo-
metric and extraction photometric determi-
nation of Mo (V1).

CONCLUSIONS. In this work, we de-

30

termined the chemico-analytical characteris-
tics and composition of the complexes
formed in the Mo(VI)-DOCh systems. The
composition of the complexes
(Mo(VI1):DOCh = 1:2) was found by spec-
trophotometric methods (molar ratios, equi-
librium shift). Based on a combination of
spectrophotometric and mass spectrometric
data, a probable complex chemistry is pro
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posed. It was shown that the MoO,** cation
acts as a complexing agent, and the ligand
enters into the reaction in the form of an
anhydrobase. It was found that halogen-
containing derivatives of MPDOCh form
more intensely colored and stable complexes
with Mo (VI) than MPDOCHh, and the opti-
mal pH of complexation shifts to a more
acidic region.

KOMIUIEKCOYTBOPEHHSI MOJIIBJEHY
(VI) 3 6,7-JUT'JIPOKCU-4-METUJI-2-DE-
HUIXPOMEHUIIEM TA HOT'O T'AJIOTEH-
MOXIIHUMU B PO3UMHAX

O.M. YebGorapros™, J[.0. bapbanar, M.B. XKe-
pebxo, JI.B. CHiryp

O0ecvkuil HayionaneHuil yHigepcumem imeHi
LI Meunuxosa, éyn. /leopsmncvka, 2,

Ooeca, 65082, Vrpaina

* e-mail: alexch@ukr.net

JlocmiKeHO KOMILIEKCO YTBOPEHHST MOJI-
oneny(VI) 3 6,7-murimpokcu-4-MeTuiI-2- heH i-
xpomeH itieM (M®JIOX) i fioro xiop- Ta 6poM-
MOXITHUMH, IO MICTATH aTOM TaJIOT€HY B IIO-
nokeHH1 4 ¢eHubHOrOo KuThisa. Ckiaan KOMII-
nexcisB Mo(VI) : L = 122 BCTaHOBJIIEHO KIIacHy-
HHUMH  CHEKTPO(MOTOMETPUUHHUMH  METOdAMHU.
Ha ocHOB1 cykymHOCT1 crekTpodoroMerpry-
HHUX 1 Mac-CIIEKTPOMETPUYHHUX NaHHUX 3aIpoIIo-
HOBAHO XIMI3M KOMILIEKCOyTBOpeHHs. Iloka3a-
HO, [0 KOMIIJIEKCOYTBOPIOBAYEM BUCTYIIAE Ka-
Tion MoO,%", a nirana BeTymae B peakuioo y do-
pMi aHTIAPOOCHOBHU. BH3HaueHI XiMiKO-aHa-
JITUYHI XapaKTepUCTHUKA YTBOPECHHX KOMILIE-
KCIB, a TAaKOX BIAMIYEHO, IO TaJOTEHIOXIIHI
M®JIOX yrBOpIOIOTH OUIBII IHTEHCHUBHO 3a-
OapBreHi i crifi ki koMrieken 3 Mo (V).

KnwdaoBi cuxoBa: 6,7-gurinpokcu-4-
MeTHI-2-peHinxpomeHn iniil; momidoaen(VI); kowm-
IJIEKCOYTBOPEHHSI; CIIEKTPO(POTOMETPIS.

KOMITJIEKCOOBPA3OBAHUE MOJIVB/IE-
HA (VD) C 6,7-IUTUJIPOKCU-4-METWII-2-
OEHUJIXPOMEHWIMEM U ErO TAJIO-
TEHITPOM3BO/HBIX B PACTBOPAX

AH. Ye6orapés, JI.A. Bap6anar, M.B. XKepeG-
ko, J1.B. Cauryp

Ooecckutl  HAYUOHALHBILL  YHUBEPCUMEM  UMEHU
U U Meunurosa, yn. [leopsmckas, 2, Odecca, 65082
Yxpauna

" e-mail: alexch@ukr.net

CuHTE3UpOBaH PsiJi TAIOTEHCOJEPKAIMX TPO-
W3BOAHBIX Tiepxiopata 6,7- AWTUIPOKCH-4-
MeTHII-2-peHunoen3onupums.  MccnenoBaHbl
0COOEHHOCTH KOMILIEKCOOOpa30BaHUsI MOJINO-
neHa(VI) C 6,7- TUTUAPOKCH -4-MEeTHIT- 2-
(EeHUITXPOMEHWINEM U €T0 XIIOp U Opomorpo-
W3BOJIHBIMH, KOTOPBIE COJIEPIKAT aTOM TaJloreHa
B mojoxxkeHuu 4 QeHunpHOro kombia. CocraB
komruiekcoB Mo(VI):L = 12 ycraHoBieH kiac-
CUYECKUMHU CIEKTPO (POTOMETPUIECKUMU METO-
namu. OmpenerneHbl MOJISIpHbIE KO3(PQPUIIUEHTHI
CBETOIOIJIONMICHUS KOMIIJIEKcoB MosmoneHa( V)
C HE3aMEIIEHHBIM U XJIOpO- U OPOMOTPOU3BO/I-
HBIMH Tiepxiopara 6,7-IuTHApOKCH-4-MeThII-2-
(eHUTXPOMEHMIHS, KOTOPbIE COOTBETCTBEHHO
COCTaBJISIOT 1,3-104, 1,9-104 u 2,3-104. Paccuu-
TaHO JOrapu PMbl KOHCTAaHT YCTOMYHBOCTH, KO-
TOpBIE COOTBETCTBEHHO paBHbl 11,23, 9,98 u
10,18. Ha ocHOBaHMHM COBOKYMHOCTH CIIEKTPO-
(GOTOMETPUYECKUX W MacC-CIEeKTPOMETpUYEC-
KX JAHHBIX MMPEUIOKECH BEPOSTHBIH MEXaHU3M
KoMIIeKkcoo OpazoBanus moauoaena(VI) ¢ mpo-
W3BOJHBIMU  TepxiopaTta 6,7- IuTruapokcu-4-
MeTHiI-2- peHunOeH3onupumms. [lokazano, 4To
MPU ONTHUMAIBHBIX YCIOBHSX B3aMMOJCHCTBUS
KOMILIEKCOO Opa3oBaTeNieM BBICTYIMAeT KaTHOH
MOJIMOICHWIIA, a JIUTaH[] BCTYIIAET B PEAKIIHIO B
dopme anruapoocHoBaHus. OnpeaeneHbl XUMHU-
KO-aHAJIMTUYECKUE XapaKTEepPUCTHKH  00pa3o-
BAaHHBIX KOMILIEKCOB, & TaKKE OTMEYEHO, UYTO
rajoreHnpou3Boaabie M®JJOX obpasyror 60-
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Jjee WHTCHCHUBHO OKpalleHHbIE M JOCTaTOYHO
ycroitunBbie komruiekcbl ¢ Mo(VI). Otmeueno,
9TO MOJIAPHBIA KOI(D(UIHMEHT CBETOMOTIIONIE-
HUSI YBEIMYUBAETCS C YBEIMYEHHUEM MOJIIPHOM
Macchl COOTBETCTBYIOIMX KOMILJIEkcoB. [loxa-
3aHO, YTO omTHMaibHOe pH KommIekcooOpazo-
BAaHUS CABUTACTCS B KHCIIYIO 00JacTh TEM CUIIb-
Hee, ueM OoJibllle 3JIEKTPOOTPUIATEIBHOCTD
rajoreHa B MoJieKkyne juranaa. OTME4YeHo, 4To
HOBBIe KoMIuiekchl Mmonuoaena (VI) ¢ ximopo- u
OPOMOIIPOU3BOIHBIMU nepxjopara 6,7-
TUTUAPOKCH-4-MeTU - 2- peHHIIXPOMEHHIINS  SIB-
JSIETCSl DIIEKTPOHEUTPATBHBIMU M TTPUTOIHBIMH
IS pa3pabOTKU SKCTPAKIIMOHHBIX U COPOLIMOH-
HBIX METOAMK KOHIICHTPUPOBAHHUS MHUKPOKOJIH-
yectB monubaeHa(VI). K tomy ke, npennarae-
Mbl€ KOMILIEKCHI MOTYT OBITH HCIIOJIb30BAHBI B
KaueCTBE HOBBIX aHAJIUTHUYECKUX (OpM s
IPSIMOTO  CIIEKTPO (POTOMETPUUECKOTO  OTIpesie-
JeHus ciaenoBbIX konmdecTB monuoOaeHa(VI) B
00BEKTaX pa3smUuYHON IPUPOJIBL.

KnmoueBbie cioB a:6,7-quruapokcu-4-
MeTul-2-peHmnxpoMeHwnuii;  monu6aeH(VI);
KOMILJIEKCO0 Opa3oBaHue; CIeKTpo poToMeTpusl.
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IBOTEPMIYHUM EPEPI3 JIATPAMU CTAHY CUCTEMH CeO,-L 2,05,

Eu,O;IIPU TEMIIEPATYPI 1250 °C
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3a 10TIOMOTOI0 METO1IB PEHTTeH IBCHKOTO (ha30BOTO Ta MIKPOCTPYKTYPHOTO aHAIBIB J0-
ciimkeHo ¢aszoBipiBHOBaru B cuctemMi CeO,—LayO3—Eu,O3 mpu Temmepatypi 1250 °C
y BCbOMY IHTEpBaJi KOHIIEHTpaIliii. BcTraHoBIEHO, 10 B CHCTEMI YTBOPIOIOTHCS TBEPi
PO3YHMHU TOJIS Ha OCHOBI TekcaroHanbHO1 (4) Moau dikatii LapO3, xydiunoi (C) Ta Mo-
HOKITIHHOI (B) Moau dikanii EupO3 Ta ky0MHOT MO (iKaIlil 3 CTPYKTYpOro TUIY (NIH00-
puty (F) CeO». BuznaueHo rpanuui a3oBux moJiB Ta mapaMeTpy €IeMEHTAPHUX KOMi-

POK yTBOpeHUX (ha3.

KnmouoBicmoBa:okeunu P3E, ¢a3oBipiBHOBAru, TBEp/Ii pO3YHHHU.

BCTVII Jocmimxenus (Ha3oBHX PIBHO-
Bar B cuctemax CeO,-La,05-LNn,0O; mae sk
NpaKkTHMHUN, TaK 1 HAyKOBWM i1HTEepec. Ma-
TepiaJu Ha OCHOBI OKcuMIB uepito Ta P3E
NEPCTICKTUBHI Ui BUKOPHUCTAHHI B ME/IU-
I[HI, €HEPreTHUlll Ta MAUIWHOOYIYBaHHI Y
3B’A3KY 3 YHIKQJIbHICTIO 1XHIX BIACTUBOCTE M
[1-9]. [diarpamu cTaHy BKa3aHUX CHCTEM €
(b13UKO-XIMIYHOIO OCHOBOIO JJIi CTBOPEHHA
TaKMX MarepiajiB, SK TBEPAl EJIEKTPOTITH
JUTST TTATMBHUX KOMIPOK, KMCHEBI Ta30B1 JaT-
YHMKH, HOCIi KaTani3aTopiB, 3aXMCHI 1OKPUT-
TS Ha CIUIaBW Ta iHme. TBepAl po34YMHU Ha
OCHOBI JIOKCUIY LIEPI0 € HaMO1JIbII TIepcIie-
KTUBHUMH €JEKTPOJIiTaMH, IO TPAIOI0Th
Opu TOMIPHUX TeMIEeparypax, OCKUIbKH 1X

10HHA TPOBIAHICTh Ta YYTJIUBICTH 10 TAPIN-
aTbHOTO THUCKY KHCHIO HabaraTo BHILE, HiX
y ZrO, crabimizoBanoro Y,0; (YSZ) [1, 2,
4]. Cuctemu CeO,-LNn,03; MoxyTh OYyTH BU-
KOPHUCTaHI B siICPHI il €Hepre TUIll ATl PO3po-
OkM Oe3nmeuHnx Ta HAIIWHUX TEXHOJIOTIH
yTuiIi3ai BiIX0/11B aTOMHO1 TPOM UCIIOBOCTI
Ta PO3BUTKY HOBOi reHepalii peaktopis [3,
9]. ¥ cyuacHwmil nepioa BeAEThCA aKTUBHUUI
MONIYK MarepiajiB 100 OTPUMAHHS 1HEPT-
HOi MaTrpuil JUIs iMMOOLTI3aIii IUTyTOHITO.
Martepian iHepTHOi MaTpull TMOBUHEH Bij-
MOBIJIaTH JKOPCTKUM yMOBaM: BiJ3HAa4aTHCh
BUCOKHMM KO€(DIIle HTOM TIOTJIWHECHHS HEMWT-
POHIB, HI3bKMMH TEIUIO IPOBIAHICTIO Ta KO-
e(ilie HTOM TEePMIYHOTO PO3MIMPEHHS, BiJI-

© O. A. Kopsienko, O. I. bukos, A.B. Camemoxk, 10.B. IOpuenko, 2020
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CyTHICTIO ()a30BUX MEPETBOPEHb 1 CTAOLIb-
HICTIO TIPH BUCOKHX TeMIeparypax. Kepami-
9HA MATPUI MOXXe OyTH BHKOpPUCTAHA JIJIS
¢ikcamii TpaHCYpaHOBHMX €JIEMEHTIB, TOMY
IO XapaKTepPM3YETHCS BHUCOKOK) TEPMOJIHU-
HAMIYHOIO CTa0iJbHICTIO Ta HE 3a3HAE 3MiH
Ha TpoTs3i TpuBaioro yacy. CHCTeMHU 3 OK-
CHUIIOM IIEPil0 HAXOMSATh 3aCTOCYBAaHHS B Me-
JUIIAHI B SKOCTI OiomMapkepiB 1 6101HEPTHHUX
KepaMmiuHUX MaTepiamis. [7, 8].

@da30Bi CIIBBIAHOIICHHS B O1HAPHUX CHU-
cTeMax 3 OKCHIaMU IEPI0 Ta PiJIKICHO3EeMe-
JHHUM U €JIEMEHTaM U JIOCJIIJIKE HI B TIOBHOM Y
06cs31 [10-25]. BigzomocTi mpo ¢a3zoBi pis-
HoBaru B moTpiitHi cucteMi CeO,-La,0s-
Eu,0O; B miteparypi BiacyTHi. Takum 4uHOM,
JTOCIIKeHHS (a30BUX PIBHOBAr y BHIIE
BKa3aHIil CUCTEMI € JJOCUTh aKTyaJlbHUM.

@da30Bi pIBHOBArv B TOJBIWHINA CHUCTEMI
Ce0,-La,05 gocmimxkerno B [10 - 18]. Bera-
HOBJIeHO, o0 B cucTemi CeO,-La,O; yTBO-
PIOIOTBCS JIBA THIIA TBEPIUX PO3UMHIB: KyOi-
YHOi CTPYKTypuU Ha OCHOBI Qumoopury F-
CeO, T1a rekcaroHaJbHOI Ha OCHOBI A-
La,O;, saki posmineni ABodazHUM MoJeM
(A+F). TI'panuni oOmacTeld TOMOTEHHOCTI
TBepAuX po3umHiB Ha ocHOBI F-CeO, Ta A-
La,O; BM3HaueHI CKJIagaMH, 110 MICTITh 45-
50 mom. % La,0O5 1 75-80 moin. % La, O3 ipu
1500 °C, 45-50 mon. % La,O5 1 80-85 moun.
% La,O; mpu 1100 °C, [18 ].

@a30Bi piBHOBaru B MOJIBiMHIN cHCTEMI
HAa OCHOBI OKCHJIB LIEPII0 Ta €BPOTIIO AOCIIi-
mkeHo B [19-23]. BeraHoBiieHO, 1110 B CHC-
teMi CeO,-Eu,O3 yTBOpIOIOTBCS TpU THUIHU
TBEPJHMX PO3UMHIB: Ha OCHOBI KyOiuHOi MO-
nudikami F-CeO, ta C-Eu,05, a Takox Mo-
HOKJTiHHO1 Moaudikamii B-EU,0s, 0 po3i-
neHl neodazaumu noasmu(F + C) 1 (C + B).
3 moHwxkeHHAM Temnepatypu no 1000 °C

KUIbKICTh (Pa30BUX TOJIB 3MEHIIYETHCS 3a
paxyHOK TOro, 1II0 MOHOKJIiHHa B-
moaudikawis Eu,Oz icHye Buie Temmnepary-
pu 1000 °C. Pozumnnicte Eu,0; B F-
moaudikami CeO, cknamae ~20 mon. % mpwu
1100, 1500 °C. IIpoTaxHicTh 06JaCTI TOMO-
TE€HHOCTI TBEPIOTO0 PO3YMHY Ha OCHOBI B-
Eu,0; npu Temnepatypi 1100 °C 3anmuaeTs-
Cs HE3HAuHOIO Ta cTaHOBUTH (< 1 moi. %).
[Tpu 3umkeHi Temneparypu 1o 600 °C obna-
CTI TOMOTEHHOCTI TBEPIWX PO3YHWHIB HA OC-
HoBi1 F-CeO, Ta C-EU,0;3 3By)yroThCsl. Me-
K1 001acTed TOMOTEHHOCTI TBEPAHMX PO3UH-
HiB Ha ocHoBi F-CeO, ta C-Eu,0; mpu 600
°C BmM3HAYeHI CKiamamMu, mo MicTate 10-15
MoiL. % Eu,O3 ta 97-98 moa. % Eu,0,, Bia-
noBigHO [23].

®a3oBi B3aemoxii B cuctemi La,O3—
Eu,O; mocmmkeno B [19, 24-25]. s cuc-
teMu La,O;—EU,0O3 peHTreHiBChKUM METO-
JIOM BCTaHOBJICHO MIMPOKI 001aCTI TOMOTEH-
HOCTI 3 TE€KCAaroHaJbHOI 1 MOHOKJIIHHOKO
CTPYKTypamH, Kl PO3JUJIEHI BY3bKOIO JBO-
(dazHOIO0 OOMacTiO. 3 MIIBHINCHHAM TEMIIC-
paTypu po3umHHICTE Eu,O3 y TBepmomy po-
3unHi A-La,03 30inblIyeThCs, a PpPO3YUH-
Hicth La,0; y B-Eu,O; 3mMenmyetses [25].
Po3uunnicts La,O; y B-EU,O; craHoBUTH
19 moum. % mpu 1500 °C [24].

MeTtoto poOOTH € JOCHIIKEHHSI B3aEMO-
111 OKCHUIIIB TIEPIf0, JJAHTAHY Ta €BPOTNIO MPH
1250 °C y BchoMy iHTEpBaji KOHIEHTpAIi
Ta TOOyIOBa BIAMOBIIHOTO 130T€PMIYHOTO
nepepizy.

EKCHHEPUMEHT I OBI'OBOPEHHA
PE3VJIBTATIB. Ins nocnimkeHHS (Ha3oBUX
piBHOBar B mo TpiHi i cucteMi CeO,—La, 05—
Eu,0; Oynu mpurotoBieHI 3pa3ku, CKIaau
SKHX JIe)KaTh Ha 4O0THphOX mpoMeHnsx: CeO,
- (50 mon. % Lay,03-50 mon. % Eu,03),
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EU203 - (50 MoJL. % La203-50 MoJ. % CGOz),
CeOZ - (10 MoJL. % L3203‘90 MoJL. % EUZO3)
ta La,03- (50 mon. % Eu,03-50 mom. %
CeO,. Sk BuXigHi pPeYOBUHU BHKOPHCTOBY-
Banu 1epiit azorHokucauii Ce(NO3);6H,0
ta La,O3; mapku JlaO-1, a Takox EU,O3 3
BMICTOM OCHOBHHMX KOMIIOHEHTIB 99,99 %.
Oxcwau mepe] 3BaKyBaHHIM MPOCYIIyBalln
B myden npu 1200 °C (2 rox). llluxtu po3-
yunsinin y HNO; (1:1), BunaproBaiu ta mpo-
xaproBanu npu 800 °C npotsarom 2 rox. Io-
POIIKH TIPeCyBaIu B TAOJIETKH iaMeTpoM 5 1
BUCOTOI0 4 MM OJHOCTPOHHIM TNpEeCyBaHHAM
y cTaneBiil npec-hopmi 6e3 3B’SI3KU ]| THC-
koM 10-30 MIla. TepmooOGpoOKy MpoBOIH-
nu B niedi 3 HarpiBadamu H23US T (dexpain)
npu 1250 °C mpotsirom 6200 roa, y noBiTpi.
Ox0J10)kKe HHSL TIPOBOJIFIIH Pa3oM 3 Tiu4io. B
obmacti HBBKHUX Temrepatyp ( < 1250 °C)
¢da30Bi piBHOBAru, mo BKIIOYAIOTh MPOIECH
po3many Ta BIOPSIKYBAHHS, BCTaHOBIIO-
I0OTBCSI JIOCHTHh TOBIJTBHO BHACIIJOK Majoi
MIBUAKOCTI AUQYy31WHAX TPOIECIB B KaTioH-
HI{ MATparii, 1o 00yMOBIIOE HEOOXITHICTh
JIOBTOTPUBAJIOTO Biamany 3paskiB [26]. Ye-
pe3 MeBHI MPOMIKKHU Yacy TEPeBIpsIU TOB-
HOTYy CUHTE3Y, 3pa3KH IepeTHpaIH, Mpecy-
BaJld Ta 3A1MCHIOBATU MOJAJbIIy TEPMidHY
00po06xy. [Ticis Biqmany npotsarom 6200 rox
(1250 °C) 3minu ¢a3oBoro ckiamgy 3pas3KiB
HE CTIOCTE PiraJiu.

PenrreHodazosuii anamniz (PDA) 3paszkis
BUKO HYBaJIM 332 METOJIOM TIOPOIIKY Ha YCTa-
HoBII JIPOH-3 mpu kiMHaTHI# TeMmiepaTypi
(CuK,-BunpomintoBanus, Ni - uIbTp).
Kpox ckanyBanns ckiagas 0.05-0.1 rpapg,
ekcrio3uins 4 ¢ y aiana3oni KyTiB 20 Big 10
no 100°. Ilapametpu enemMeHTapHUX KOMi-
POK pO3paxoByBaIM 3a METOJAOM Hai-
MEHIIIMX KB3JpPAaTiB 3 BHUKOPUCTAHHIM TIPO-

rpamu LATTIC 3 mnoxubkoio He HIDKYE
0.0002 um s xyOidHOT da3u. st BcTaHo-
BJI€HHA (a30BOro CKjIaay 3acTOCOBYBAU
06a3y maHumx MIiKHApOJHOTO KOMITETY IIO-

POIIKOBUX CTaHIapTIiB (JSPSDS
International Center for Diffraction Data
1999).

MIiKpOCTPYKTypH BHBYAIH 3a JIONIOMO-
rol0 CKaHYHYO0i EJeKTPOHHOI MIKPOCKO i
Ha He TpaBlieHUX LLIi(ax BifmaneHUX 3pa3-
KiB, SIKI TOTIEPEHbO HaTaBaju YJIbTPa3BY-
KOBOMY OYHIIICHHIO B allETOHI Ta HAIMWIIO-
BaJIM  map  30J0Ta, Ha  YCTaHOBIN
SUPERPROBE-733 (JEOL, Japan, Palo
Alto, CA) y 3BOpPOTHO BIIOUTUX €JIEKTPOHAX
(BSE).

Y norpiiniii cuctemi CeO,-La,0O5—
Eu,O3 npm 1250 °C HOBI a3y He BHSABJICHI.
XapakTep ¢a30BUX piBHOBAr B CHCTEMI BU-
3Hauae 0yn0Ba OOMEXYIOUUX TOJBIMHUX CU-
creM. [Ipu 1250 °C B cuctemi CeO,—La,05—
Eu,O; yTBOPIOIOTBCS TIOJIST TBEPAHMX PO3UU-
HIB Ha OCHOBi KyOiunoi moaudikami (F) i3
cTpykTyporo tumy dmoopury CeO,, MOHOK-
muanoi (B) 1 ky6iunoi (C) momudikarit
Eu,0;, rekcaronampHoi (A) moaudikarmii
La,Os.

3a OTpUMaHUMHU pe3yJibTaTaMu MoOyao-
BaHO 130TE€pMIYHHI mepepi3 aiarpaMmu CTaHy
cuctemu CeO,—La,0;—EuU,0; mpm 1250 °C
(puc. 1). Buxignmii xiMiuHUK 1 ¢a3oBHii
CKJIaJ 3pa3kiB, BunajgeHux npu 1250 °C, na-
pamMeTpu eJIEeMEHTapHUX KOMIpok a3, 1o
3HaXOASTHCS B PIBHOBA3l MPH 3aJaHIA TEM-
nepaTypi NpuBeeHI B Ta0JIULY.

B o6sacTi 3 BeIWKHUM BMICTOM OKCHIY
€BPOMII0 YTBOPIOIOTHCS TBEPIlI PO3UYMHH Ha
OCHOBi1 MoHOKJIIHHOT B-momudikamii Eu,Os.
O6nacte Tomorennocti B-EU,0; 3aiimae He-
3HAY HY IUIOILY 130T€PMIYHOTO TIepepizy.
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LaxOz 10 20 30 40 50 60 70 80 90 FEu20s3

I'+B
Puc. 1. BorepmHaMii mepepi3 aiarpaMu CTaHy
cuctemu CeO2-LnpO3-EuO3 mpu Temmeparypi

1250 °C (®- Tpudasni @ - nBodasHiTa O — Of-
HO(a3H1 3pa3Ku)

I'panunss 00macTi TOMOTEHHOCTI BWUIIE
BKa3aHUX TBEPAMX PO3YMHIB MPOXOIUTH BiJl
BIIMOBITHMX KOOPAMHAT B OOMEXyHOUHUX
noaBiitHux cuctemax CeO,-Eu,03 (0-1 Mo
% CGOZ) Ta Lazo3'EU203 (0-25 MOJI. %).
BceTanoBneno, mo 3pasku ckiaaiB 0.5 mout.
% CGOz'O.S MoJ. % L3203'99 MoJL. % EUzog
ta 1 mMoir. % Ce0,-9.9 mon. % La,0;-89.1
MoJ. % Eu,O; Hanmexuth 10 ABO¢a3HOT 00-
nacTi (B + C).

3BiJICH BUIUIMBAE, 110 MEXKa 1CHYBAHHSI
3a3HAUYCHUX TBEPAUX PO3YUHIB JOCHTHh BY3b-
ka Tta ctaHoBurh MeHIIe 0.5 mon % CeO,.
Teepai po3umnn Ha ocHoBi B-EU,O3 mepe-
OyBaloTh B piBHOBa3i 3 yciMma (azamu, IO
YTBOPIOIOTHCS TMpPHU JaHId TemrmepaTypi Ta
icHytoTh B ABo(azuux (C + B), (B+ F) (A +
B) ta tpudpazuux (F+B + A), (F+ B + C)
obnacTiax (TabL.).

B3noBx cTopoHH 00MEXKyrodoi MOJBi -
HOI CHCTEMH YTBOPIOETHCS 00JIaCTh TOMO-
TeHHOCTI TBEPJHMX PO3YMHIB Ha OCHOBI KyOi-
9HOT1 Mo u(DIKaIi OKCHUIY €BPOTIIO.

Cimipg BiOMITHTH, IO B oOJiacTi Oaratii
La,O; B mociiKeHi cUCTEMI MOBUHHI YTBO-
PIOBATHCS TBEPI1 PO3UYMUHU HAa OCHOBI A-La,03,
OJIHAK OKCHJ JIaHTaHy Ha TOBITpI riaparye i
3aMicTh rekcaroHanbHo1 (pazu La,O; cnoctepi-
raii  yTBOPEHHS  TIAPOKCHUAY  JIaHTaHy
La(OH);. O6siacTs TOMOI'€HHOCTI BHIIC BKa3a-
HUX TBEPIMX PO3YHMHIB BUTHYTa B HANPSIMKY
KyTa 3 BEJIMKUM BMiICTOM OKCHIY JIaHTaHy Ta
MPOXOAUTH BiJ BIATIOBIHAX KOOPIUHAT B 00-
Mexyrounx noaBidHuX cucteMax CeO,-La0;
(100-83 mou. % La,03) ta La,0O5-Eu,05 (100-
80 mon. % La,0O3). Teepai pozunnn A-La,0O;
icaytoth B nBodaznux (A + F), (A + B) Ta
tpudazuiii (A + B + F) obnacTsx.

OO6sacTh TOMOTEHHOCTI TBEPAOTO PO3-
YHUHY Ha OCHOBI KyOi4HOT MoaudikaIji THITY
dmooputry F-CeO, mae mocTaTHIO MPOTSIK-
HICTh. HWKHI KOHIEHTpaIifHa TpaHuIl 00-
JacTi TOMOTEHHOCTI BUIIE BKa3aHUX TBEP-
VX pO3YHMHIB BUTHYTa B HANPSMKY 3MEH-
IICHHS BMICT OKCHAY LIEPil0 Ta MPOXOUTh

A, HM
0,556 7 r

05544 = .
0,552
0,550

05484 AFB

R

0,546
0,544

0,542 -

0.540 - 5 i
- T — T T T T
0 CeO2 20 40 60 80
50 La20s Moit. % Ce(: 0 Laz0s
50 Eu:20s: 0 Eu20s3
Puc. 2. KoHneHTpaniiiHi 3aj1eXHOCT1 mapameT-
pIB €lIeMEHTapHUX KOMIPOK TBEPIUX PO3UYMHIB
tuny quirooputy (F-CeO3), 3a nepepzom CeOr—
(50 monm. % Lap03-50 mon. % EwO3) micns

TepMooOpoOKH 3pa3kiB mpu 1250 °C.

100 CeO2
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., HM
0,547 -

0,546

0,545 1

0,544 4

0,543 1

0,542 -

0,541 ,: : : i

0 CeO2 20 40 60 80
10 Laz0s MoOIL % CeO2 0 Laz0s
90 Eu:0s 0 Euz0s

Puc. 3 — KoHnenTpariiiHi 3aJIe)KHOCT1 ImapameT-

piB eleMEHTapHUX KOMIPOK TBEPAUX PO3UMHIB
tumy duirooputy (F-CeO3), 3a nmepepiBom CeOo—
(10 mom. % Lap03-90 mon. % EwO3) micns
TepMooOpoOKH 3pa3kiB mpu 1250°C.

100 CeO2

B1JI BIINIOBIAHUX KOOPAHMHAT B 0OOMEKYIOU X
noasiitaux cuctemax CeO,-La,0; (100-51
Mot % CeO,) ta CeO,-Eu,05 (100-79 mom.
% CeO,). IIpoTsaxuicts F-hazu Bu3HauaeTh-
Cs 3a PEHTreHOrpaMaMu 3pa3KiB HAaC TYyITHUX
ckiamiB: 60 mon. % CeO,-20 mon. % La,Os-
20 moi. % Eu,03, 75 Mo % Ce0,-2.5 mom.
% La,05-22.5 mon. % EuU,03- omHOda3Hi
(F), 55 mon. % Ce0,-22.5 mon. % La,Os-
22.5 moir. % Eu,03, 70 momn. % CeO,-3 Mo
% La,05-27 mon. % EU,0; — nBodazni
(F+C). Ilapamerpu ejeMeHTApHOI KOMIpPKH
TBEPIOT0 PO3YMHY THUIY (PIIOOPUTY 3MiHIO-
10Thes Big a = 0.5409 M, mig yuctoro CeO,
10 a = 0.5512 am nns nBodazsoro 3paska (F
+ C), mo wmictuth 55 Mo % Ce0,-22.5
Moll. % Lay03-22.5mom. % Eu,0Osta 1o
a =0.5526 um nns tpudazHoro 3pazka (F +
B + C), mo wmicture 40 mon. % CeO,-30
mol. % La,03-30 mon. % EUW,0; Ta 10
a =0.5532 am ans TpudazHoro 3paszka (A +

AB09_401

Puc. 4 — MIiKpOCTpYKTYpU 3pa3KiB CHUCTEMHU
CeO,-La03-Eu, O3, Bumanennx npu 1250 °C,
BSE: a -35 moun. % Ce0,-32,5 mon. % Lap,O3—
32,5 moin. % EwpO3, x2000 (B); 6 -2.5 mon. %
Ce0,-30 mom. % Lap0O3-30 moun. % EuOs,
x400 (B + C); B — 22.5 mo1. % Y203-22.5
moi. % Lay0O3-55 mon. % EuOs, x 2000
(F+B+C); r - 20 mon. % CeO2-20 mon. %
La;03-60 mon. % EuOs, x 400 (F+B+C); 1 -
55Mom. % Y203-22.5 mon. % Lay03-22.5
Moi. % EuwOgz, x 2000 (F + C); e- 90 mom.
%Ce0,-5 Mmor. % LapO3-5 mon. %EwOs,
x400 (F).

F + B), mo mictuts 30 moir. % CeO,-35mour.
% La,05 -35 momn. % Eu,0; B310B) mpome-
o CeO, ( 50 monm. % Lay,03-35mom. %
Eu,05). A takox Big a = 0.5409 aM, 1is uu-
croro CeO, no a = 0.5444 um ans nBodas-
Horo 3paska (F + C), mo mictuts 70 mMomn. %
CCOZ'B MoOJL. % L3203'27 MouL. % EUZ03
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Tabmuns

Buxignmii xiviunumii i ¢a3oBuii ckiiaj, mapamMeTpu eJieMeHTaApHMX KOMIpPoOK (a3 micjsi BuIaJTy
3paskiB cucremu CeQy—LayOs—Eu,O; mpu 1250 °C, 6200 roa. (3a nanuvu PDA, Ta ejie KTPOHHOT
MiKpOocCKoIii)

XiMIYHUH cKiaf, Moil. %o dazoBuit [TapameTpu eneMeHTapHUX KOMi-
CKJIaJ] 1 TapaMeTpH eleMeHTap- pok ¢a3, M (a+ 0.0002)
CeOy La, O3 Eu,O3 HHUX KOMIDOK, HM <C> <F>
1 2 3 4 5 6
Iepepiz CeO3 - (50 moit. % LayO3 — 50 moi1.% EupO3)
5 47.5 47.5 <A>+<F>+<B> - 0,5532
10 45 45 <A>+<F>+<B> - 0,5541
15 42.5 42.5 <A>+<F>+<B> - 0,553
20 40 40 <A>+<F>+<B> - 0,5532
25 375 37.5 <A>+<F>+<B> - 0,553
30 35 35 <A>+<F>+<B> - 0,5528
35 32.5 32.5 <F>+<B>+<C> 1,1058 0,5526
40 30 30 <F>+<B>+<C> 1,1057 0,5526
45 275 27.5 <F>+<C> 1,1044 0,5522
50 25 25 <F>+<C> 1,1029 0,5517
55 22.5 22.5 <F>+<C> 1,1012 0,5512
60 20 20 <F> - 0,5507
65 17.5 17.5 <F> - 0,5493
70 15 15 <F> - 0,5489
75 12.5 12.5 <F> - 0,5470
80 10 10 <F> - 0,5460
85 7.5 7.5 <F> - 0,5451
90 5 5 <F> - 0,5437
95 2.5 2.5 <F> - 0,5442
100 0 0 <F> - 0,5409
[Mepepiz CeO> - (10 momn. % LayO3— 90 mo.% EuyO3)
1 9.9 89.1 <C>+<B> - -
2 9.8 88.2 <C>+<B> - -
3 9.7 87.3 <C>+<B> - -
4 9.6 86.4 <C>+<B> - -
) 9.5 85.5 <C>+<B> - -
10 8.5 76.5 <F>+<B>+<C> - 0,5464
20 8 72 <F>+<B>+<C> - 0,5465
30 7 63 <F>+<C> - 0,5460
40 6 54 <F> +<C> - 0,5453
45 55 49.5 <F>+<C> - 0,5454
50 5 45 <F>+<C> - 0,5450
55 4.5 40.5 <F>+<C> - 0,5451
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[IponoBsxeHHs TabIUIIi

1 | 2 | 3 | 4 | 5 | 6
60 4 36 <F>+<C> - 0,5444
65 3.5 315 <F>+<C> - 0,5447
70 3 27 <F>+<C> - 0,5444
75 2.5 225 <F> - 0,5437
80 2 18 <F> - 0,5432
85 15 13.5 <F> - 0,5423
90 1 9 <F> - 0,5416

[Mepepiz EuwO3 - (50 moit. % CeOz— 50 m011.% Lap03)
0.5 0.5 99 <B>+<C> 1,0840 -

1 1 98 <B>+<C> 1,0842 -
15 15 97 <B>+<C> 1,0845 -

2 2 96 <B>+<C> 1,0848 -

5 5 90 <B>+<C> 1,0851 -
7.5 7.5 85 <B>+<C> 1,0856 -
12.5 12.5 75 <F>+<B>+<C> 1,0900 0,5546

15 15 70 <F>+<B>+<C> 1,0890 0,5545
17.5 17.5 65 <F>+<B>+<C> 1,0900 0,5544

20 20 60 <F>+<B>+<C> 1,0880 0,5545
22.5 22.5 55 <F>+<B>+<C> 1,0910 0,5545
40 40 20 <A>+<F>+<B> - 0,5549
42.5 42.5 15 <A>+<F>+<B> - 0,5550
47.5 47.5 5 <F>+<A> - 0,5562

[Mepepiz Laz03 - (50 moi. % CeOr— 50moi.% EupO3)
2.5 95 2.5 <A> - -

5 90 5 <A> - -
7.5 85 75 <F> +<A> - -
12.5 75 12.5 <A>+<F>+<B> - -
17.5 65 17.5 <A>+<F>+<B> - -
22.5 55 22.5 <A>+<F>+<B> - -
22.5 55 22.5 <A>+<F>+<B> - -

20 40 20 <A>+<F>+<B> - -
32.5 35 32.5 <F>+<B> - -

35 30 35 <F>+<B>+<C> - -
37.5 25 37.5 <F>+<C> - -
40 20 40 <F>+<C> - R

* Ipu 3amannx ymoBax (T = 1250 °C. 6200 roz., Ha IOBITpi) reKkcaroHansHa Moaudikarlis A—La;O3 B 3a-
3HAYEHUX CKJIaJlaX HE TapTYeEThCS. 3aMICTh HET CIIOCTepIradl YTBOPEHH I F'eKcaroHaabHo1 Moau (ikarii A—
La(OH);. Tosnauenns a3: <A>— TBepi pO3YMHU HA OCHOBI TeKcaroHanbHO1 Mo dikaiii LayOz;<C>—
Ha ocHOB1 KyOmHO1 Moauikarii EuyO3z; <B>— TBepai po3dHM HA OCHOBI MOHOKIIHHOI MO M (iKarlii
EupO3. F — tBepai po3umamn Ha 0CHOBI KyO MHOT Mom dikarlii 3 cTpykTyporo tuiry quirooputy CeOy.
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Ta 10 a = 0.5465 M g TpudazHOTO 3pa3ka
(F+ B + C), mo mictuth 20 moi. % CeO,-8
Mo % La,05-72 mon. % Eu,05 ( Tabm, puc.
2, 3).

MiKkpoCTpyKTypH, IO XapaKTepu3YIOTh
pi3Hi (a30Bi 06JaCTI AAHOTO 130T€ PMIYHOTO
niepepi3y npecTaBicHl Ha puc. 4.

MikpocTpykTypa OJHO(pA3HOTO 3pa3zka
B-Eu,0; xapaktepm3yeThCa 3epHaMH 130Me-
TpuaHOI hopmu puc. 4 a. Ha puc. 4 6 npen-
CTaBJICHA CTPYKTYpa, IO HAJIEKUTHh T'eTePO-
rexnniit oomacti (C+B). Jlana cTpykTypa xa-
PaKTe pM3YETHCSI KPUXKOI0 (Pa3oro, M0 Haje-
xuth C- EU,0s, a ¢paza B- Eu,0; xapaxkre-
PMBYETHCS MiHIMaJIbHOIO KiJIbKICTIO mop. Ha
puc. 4 B, T TIpeJICTaBJICHO CTPyKTypa Tpuda-
3101 0OmacTi (F+B+C). Bei da3zu uitko po3-
PI3HAIOTHCA 32 KOHTPACTOM. 3TiTHO JaHUX
MIKpPOpPE HTT€ HOCTIEKTPATbHOTO  aHam3y, Te-
MHa 00nacTe 30araueHa uepieM, i Moxe Oy-
TH ineHTUdikoBaHa sk ¢aza F- CeO,, cBiTia
¢daza 30arayeHa €BpOMEM 1 HalekKUTh B-
Eu,0;, kpuxka ¢aza Bignosigae C- Eu,0s.

BUCHOBKH. 3a n1omoMoror METOIIB
peHTTeHO(ha30BOTO Ta MIKPOCTPYKTYPHOTO
aHaN31B BIIEpIIE JOCIIKEHO (Pa3oBi piBHO-
Baru B moTpiiHiK cuctemi CeO,—La,0O3—
Eu,O3 mpu 1250 °C. OtpuMani qaHi peHTTe-
HO(a30BOTO Ta MIKPOCTPYKTYPHOTO aHaJIi31B
y3TOJKYIOTBCS MiX co0o0r0. BcraHoBieHO,
0 130TepPMIYHUN TIEpepi3 Alarpamu CTaHy
cucteMu CeO,-La,03—EU,0; mpu 1250 °C
XapaKTepM3YETHCSI HAABHICTIO JBOX Tpudaz-
Hux (F+B+C), (A+F+B) Tta m’satu nBodas-
nux (A+F), (A+B), (F+B), (B+C), (F+C)
obnmacteit. /g BHM3HAYEHHSA II0JIOJKE HHS
rpaHuilb (Ba30BUX MOJIB HapSay 3 JaHUMH
o010 (pa3oBoTO CKIIAAy 3pa3KiB BUKO PUCTO-
ByBaJIM KOHIEHTpAIiiHI 3a1eXHOCTI Mapa-
METpIB €JeMEHTapHUX KOMIPOK YTBOPEHHX

¢a3. Ha ocHOBI OTpuMaHUX NaHWUX BCTAHOB-
JICHO, IO MapaMeTPU eJIEMEHTapHOI KOMIpKU
F-CeO, 30inpmIy€eThCS 3 3pDOCTAHHSIM BMICTY
Ln**. 3miHa mapameTpiB eleMeHTapHOI Ko-
MipKH (a3 BU3HAYAETHCA CTEPUIHUM (aKTO-
poM - ioHHMMH po3Mmipamu Katiomis Ce**
(0.090 mM), a Takox La>* (0. 114 nm) Ta
Eu®* (0. 0985 um). lorn Ln*” 3aMIIIYIOTh 10-
an Ce** y Bysnmax peuritku THIy $Imoopury,
a JuIst 30epe ke HH 3apsiIOBOT HE UTpajib HOCTI
KpHCTaTy KOMIICHCAIIS PI3HUIN 3apsiAiB 10-
HIB BiJIOYBA€ThCS 3aBISIKU TMOSIBI KUCHEBUX
BaKaHCI y By3Jiax i0HIB KucHioo. OmHak, €
TMeBHi TPAHMY Hi 3HAYCHHA po3dnHHOCTI Ln®",
SIK1 BIMOBIMAIOTh KPUTHYHIN KOHIEHTPAIli
BaKaHCiH, 3a MEXXaMH SKHUX PEIIiTKAa THUILY
¢bmoopury Fm3m crae HecTiHKOIO 1 TIepeT-
BOPIOETHCS Ha 1HIY KyOiuHy peunTky la3,
sKa XapaKTepHa sl TBepAuX po3uuHiB C-
TUily Ha ocHOBI1 okcuniB P3E.

[IpencTaBneHi pe3yabTaTu MOXKYTh OyTH
BUKOPHUCTaHI JJIsI BHUOOPY OITHUMaJIbHUX
CKJIaJ[iB Ta PO3POOKH HOBHX ()YHKINOHAJb-
HUX MaTepiajiB 3 NOKpaIleHUMHU XapaKTe pu-
CTHKaMH.

N30TEPMUYECKOE CEHEHUE INATPAM-
MbI COCTOSHUA CUCTEMBI CeO,-La;O3—

Eu,O3 ITPY TEMITEPATYPE 1250 °C

O. A. Kopauenko, A. W. beiko, A.B. Camenrok,
1O.B. FOpuenxko

Incmumym npobrem mamepiano3nagcmaea im.
LM. ©panyesuua HAH Ykpainu, eyn. Kpowcu-
acanoscvkoeo 3, Kuis, 03680, Vkpaina
*e-mail: Kornienkooksana@ukr.net

C momo1ipio METOJI0B PEHTIEHOBCKOIO (ha30Bo-
IO U MUKPOCTPYKTYPHOTO aHAJIM30B HCCIEI0Ba-
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HbI ()a30BbI€ PABHOBECHS M CTPYKTYpHBIE Mpe-
BpameHusi B cucreMe CeOy—La,O3-Eu,O3 nipm
temnepatype 1250 °C Bo BceM MHTEpBaje KOH-
[EHTpaluii. YCTaHOBIIEHO, YTO B cucTtemMe oOpa-
3YIOTCSl TIOJISI TBEPJBIX PACTBOPOB HAa OCHOBE
kyouueckoil (F) monudukanuu co CTpyKTypoi
tuna qurrooputa CeOy, MmoHOKTMHHON (B) 1 KY-
ouueckoii (C) momudpukanuu EupOz, a Taroke
rekcaroHainbHOU (A) Moy pukanuu La;Oz. On-
peneneHsl rpaHullbl (a30BbIX MOJIEH U MapaMeT-
PBI DJIEMEHTAPHBIX stueek 0Opa3yroumxcs ¢as.

KnmouaeBbie cuioB a:okeuasl P33, dazo-
BbI€ PAaBHOBECH S, TBEP/IbIE PACTBOPHI

PHASE RELATION STUDIES IN THE CeO»-
La,Os-Eu, O3 SYSTEM AT 1250 °C

O. A. Kornienko, O. I. Bykov, A.V. Sameliuk,
Yu.V. Yurchenko

I. Frantsevich Institute for Problems of Materi-
als Science, NAS of Ukraine, 3
Krzhyzhanovskoho str., 03680 Kyiv, Ukraine
*e-mail: Kornienkooksana@ukr.net

Using the methods of physicochemical analy-
sis (XRD, petrography, scanning electron micros-
copy analyses) phase equilibria were firstly inves-
tigated in the ternary system CeO,—-La,03—Eu,O3
system at 1250 °C. It was established that in the
system there exist fields of solid solutions based
on cubic with fluorite-type structure (F) and cu-
bic (C) and monoclinic (B) modification EuyO3
and hexagonal (A) modification of La;Os. No
new phases were found. The refined lattice pa-
rameters of the unit cells for solid solutions for
the systems were determined.

The cubic ceria-based solid solution has a
fluorite-type structure and homogeneity field
shows the maximum extension. It forms solid

solutions of substitution type with phases of bi-
nary systems.

The boundary of the homogeneity field of
F-phase is curved from the center of triangle
toward the CeO, corner and passes through ap-
propriate points in the binary CeO;-Eu,O3(100-
69 mol % CeO;) and CeO,-La,0s; (100-51
mol% CeO,) systems. The lattice parameters for
F phase vary from «=0.5409 nm in pure
CeO3toa = 0.5512 nm in two-phase sample (F +
C) containing 55 mol % Ce02-22.5 mol %
La;03-22.5 mol % Euw,Osand to a = 0.5526 nm
in three-phase sample (F + B + C) containing
40 mol % Ce0O2-30 mol % Lay03-30 mol %
Eu,O3 and to ¢ =0.5532 nm in three-phase
sample (A + F + B) containing 30 mol % CeO»-
35 mol % LayO3-35 mol % Eu,Osalong the sec-
tion CeO; (50 mol % LayO03-35 mol % Eu,O3).
The lattice parameters for F phase vary from
a =0.5409 nm in pure CeOtoa = 0.5444 nm nm
in two-phase sample (F + C), containing 70 mol
% CeO2-3 mol % La;03-27 mol % Eu,Ozand to
a =0.5465 nm in three-phase sample (F + B +
C) containing 20 mol % CeO2-8 mol % La,Os-
72 mol % Eu,0s.

The homogeneity field of solid solution
based on A-La,O3 extends to 17 mol % CeO>
and 20 mol % Eu,O3 in the corresponding bina-
ry systems and locates near the composition 5
mol % CeO2-90 mol % Lay03-5 mol % Euw,O3
on the section La;03 - (50 mol % CeO2-50 mol
% EU203).

The boundary of the homogeneity field of
B- Euw,O3; phase passes through appropriate
points in the binary CeO2-EuO; (0-1 mol%
Ce0;) and-Eu,O3 (0-25 mol% La,03) systems.

The isothermal section of the CeOy— La,O3—
Eu, O3 system at 1250°C contains four three-
phase regions (A+F+B, F+B+C) and five two-
phase regions (F+A, A+B, F+B, B+C, F+C).

Keywords: Phase equilibrium, Lattice pa-
rameter, solid solutions.
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Po3po0eHO HOBY OpHUTIHAIBHY METONMKY OJEp>KaHHS CHHTCTUYHHUX (YIbBOKUCIOT
IUTSIXOM OKMCHEHHS (PeHOJIBHUX CIIONYK OIJIOTHS TpaHaTy (eNaroTaHiHiB, JirHiHY) MO-
JEKYJIAPHUM KHCHEM Y JY)KHOMY cepefoBuil. [IopBHSIHHS CIEKTpaTbHUX Ta (HI3UKO-
XIMIYHUX BJIACTUBOCTEH OJIEP>KAHOTO MPOJYKTY Ta MPUPOAHUX (YIBBOKUCIOT CBITYUThH
PO OJHOTHITHICTH 1X XiMiuHOT OynoBU. OHAK, HA BIAMIHY BT IPUPOAHUX (PyTBBOKHC-
JIOT, CAHTETUYH1 aHAJIOTH, OJCpKaH1 32 PO3POOJICHOI METOIMKOI0 XapaKTePU3YIOThCS
KOHTPOJIbOBAHUMH Ta BIITBOPIOBAHWMH BIACTUBOCTSMH, IO 3HAYHO PO3LIMPIOE MOXK-

JMBOCTI IX BUKOPUCTAHHS Y MEIUIUHL

KnwodoB1i coBa:TyMIHOBI peUOBHHU, CHHTETHYHI (DYJIBBOKHCIIOTH, €IaTOTaH IHH,

JITH H.

BCTVII. T'yminosi peuosunu (I'P) — me
CKJIaJHA CyMIIl CTIHKUX A0 OiogecTpykiui
BUCOKOMOJIEKYJIIDHUX  TeMHO3a0apBJie HUX
OpraHiYHUX CTOJYK TPUPOJHOTO IO XO[-
XKEHHsI, SIKI YTBOPIOIOTHCS TIPU PO3KIadl
POCIMHHUX 1 TBAPUHHUX 3aJUIIKIB Mif] A1€I0
MIKpPOOpPraHi3MiB 1 ab10TUYHUX (PaKTOPIB ce-
penoBuma. BoHu BXomATh A0 CKJIamy
OpraHiyHoOi pPEYOBHHHU TPYHTY, TNPHUPOJTHUX
BOJ, TBEPIUX TOPIOYMX KOMAJIMH Ta 1HIIUX
MPUPOTHUX TUT. 3a POZYMHHICTIO B KUCIOTAX
1 myrax ['P moninsitoTe Ha Tpu Kiaacu: Qyib-
Bokuciotu (PK) — dpakms I'P, pozuunna 1
B JIyraX, 1 B KHCJOTax; 'YMiHOBI KHUCJIOTHU
(I'K) — ¢paxms I'P, po3unnHa B yrax i He-

© B. A. JlutsuH , 2020

po3unHHA B kKucioTax (mpu pH < 2); rymin —
HEPO3YMHHUK y BchoMy miamazoni pH [1, 2].
JloCmIKeHHSIMU OCTaHHIX POKIB PO3KPHUTO
3HAYHUM TepaneBTUYHUN MOTEHIIAT NpU-
ponuux ®K. BoHu MaoTh mpoTHaNEpridyHy
Ta MpoTH3anaibHy nit0 [3,4], BUSBISAIOTH
AHTUOKCHAAHTHY [5] Ta aHTUMIKpOOHY
aKTHBHICTh [0], 3HIDKYIOTh WIKIPHY IMYHHY
BIIMOBiAb [7], € mpoTunmyxauHHUMH [8] Ta
AHTHUCENTUYHUMU peyoBUHAMHU [9], BUKOpU-
CTOBYIOTBCS TIpHW JiKyBaHHi ek3emu [10],
MalOTh aHTHYJIbIEpOreHHi BiacTuBocTi [11]
Ta TPEKOTHITUBHY 110, TOMY iX MOXHa BU-
KOPHWCTOBYBAaTH i1 JIIKYBAaHHS XBOpPOOH
Anpureiimepa [12]. baratooOimgtounmu €
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npenapaTtu Ha ocHoBl DK nns mikyBaHHS Ta
npodinaktuku aiadery [13] Ta BipycHHX 3a-
xBoproBanb [14]. TIpu npomy ®K He MaroTh
HEeTaTMBHUX HACHIJIKIB JJI1 OpraHi3My B Ma-
nux go3ax [15].

OnmHak, TEpelKo 00 IHUPOKOMY BIIPO-
Ba/P)KCHHIO MaTepiajiB Ha OCHOBI TPHUPOI-
Hux ®K y MenuiuHy € 3a1eXHICTh BJIAC TH-
BOCTEH KIHIIEBOTO MPOJYKTY BiJ JKEpeia Ta
crocoOy BWIydeHHs. YCYHYTH Il TpoOiaemMu
1 BIIMIOBIAHO PO3IMIMPUTH 00JIaCTI BHUKOPUC-
tanHs PK MO’KHA NUIAXOM CHUHTE3Y aHalo-
TiB TMPUPOJHUX MartepiajiiB B CTPOTO KOHT-
ponbOoBaHUX yMoBax. [Ipu 1bOMy BIIaCTHBO-
CTSAMHU KiHIIEBOTO MPOAYKTY MOYHa Bapito-
BaTU NUIIXOM BHUOOPY (peHOJBHOTO TIOTepe-
JTHUKA Ta 3M1HA YMOB CHUHTE3Y.

Ha cworoani po3poOieHO BiAHOCHO He-
O0arato METOAWK OJEpKaHHS CHUHTETHYHUX
@OK [16-21]. OCHOBHHMM HEIOJIKOM BiJOMHX
METOJUK € BUKOPUCTAHHS B POJIi TIO TIEpeTH-
KiB (DEHOJBPHUX CTIOJYK, SIKI B CBOEMY CKJIafl
MICTATh, KPIM apOMaTHYHOTO Spa, JUIIE Ka-
pOokcwIbHI Tpynu Ta (PEeHOIBHI T1IPOKCUr-
pynu 1 He MICTATh HACHMYEHMX (pparMeHTiB,
CIMPTOBUX T1APOKCHWIIB, BYIJICBOJIHEBHUX 3a-
JIMILKIB, AK1 3aBKAM NPUCYTHI y CTPYKTYpax
NPUPOJIHNUX TYMiHOBHX pedoBuH. Lle mpuBo-
JUTh 710 OJEPKaHHS MPOJYKTY 3 OYyI0BOIO,
sIKa HETIOBHICTIO BIAMOBIIAE 32 (PYHKINOHAb-
HUM CKJIagOM 1 BIANOBIJTHO BJIACTUBOCTIMH
npupoanmM PK. Tomy akTyansHUM 3aBIaH-
HSM € BIIOCKOHAICHHS 1CHYIOUHMX Ta PO3pPOOKa
HOBHX METOJUK OJICPKaHHS CHUHTETHIHHUX
@K.

Merta poboTu mosArana y po3pooii me-
TOOUKU oAepxkaHHs cuHTeTMdHUX DK 3 BU-
KOPHUCTAHHIM B SIKOCTI TpeKypcopa (eHOIb-
HUX CTIOJYK, III0 MICTSTHCSI B OTUIOHI TpaHa-
Ty Ta KOMIUIGKCHE JOCIHIKCHHS X BIACTH-

BOCTEH.

EKCIIEPUMEHT I OBI'OBOPEHHA
PE3VJIBTATIB. Cuntetnuni ©K oxepxy-
BaJM LIJSIXOM OKHCHEHHS (PeHOJIbHHUX CIIO-
JyK, IO MICTITBCS B IIKIPII TpaHary
(Punica Granatum). Ilkipky rpaHaTy BH-
cymryBanu npu temnepatypi 40°C, mcins 4o-
ro noApiOHIOBaIM B 1a00pPaTOPHOMY MIIMHI
0 cTaHy ApiOHOro mopomiky. HaBaxky
OJIep)KaHOTO TOpomKy ormioaus Punica
Granatum wmacor 2T BHOCHIH Y KOJIOY
K’empnans. Ilicns repmerusamii CcUCTEMH,
TIOBITPS 3 KOJIOW BUTIC HAJIW YHCTHM KHC HEM.
[lotim y peakuiiiHy koji0y BHocwiu 80 M
IM po3unny NaOH Tta 20 mu guctuinboBa-
HO1 BOJAU. BMUKaHHI MeXaHIYHOTO CTPYUIY-
BaHHA KOJIOW CIIpUSIE PETEIbHOMY TIiepeMmi-
nryBaHHi0 BMicTy konbOu. IIpouiec oxwucHeH-
H TPOBOJMIM TPU KIMHATHIM Temrepartypi
Ta HOpPMaJIbHOMY aTMoc(pepHOMYy THCKy. B
npoIieci CUHTE3y pO3YWH HaOyBaB TEMHO-
KOpHM4HEBOro 3a0apBieHHsA. Ilpouec KOHT-
pOJIOBANM IUIAXOM BUMIpPIOBaHHSI 00’eMy
KUCHIO, SIKHA BHUTpauaBcsi B XOJ1 peakiiii.
[TpunuHe HHS CTIOKMBAHHA KHUCHIO CBIJYHUIIO
Ipo 3aBEepLICHH peakuii. 3a JaHUX YMOB
peakuiss TpuBanma mnporairoMm 90 XBWIHH.
[IpoBeneHHs mpouecy B CHIIbHOJYKHOMY
cepenouili (pH = 12) cnpusie mpuckopeH-
HIO TIPOLIECY OKUCHEHHSI, a 1€ B CBOIO YEPry
3MEHIIy€e 3arajbHUN 4yac cuuredy. [[ns me-
peBeaeHHs (yapBaTIB HATPIIO B HOPMY KHC-
JOTH, OJep>KaHy MICs peakiii cymimn mpo-
MyCKaJIK Yepe3 KaTIOHOOOM1HHY KOJIO HKY.

CrexTpu NOTJIIMHAHHS 3HIMAJIU Ha CIIEK-
tpodoromerpi CPD-26, B mianazoni 200-700
HM B KIOBETax 3 JIOBXHHOK OINTHYHOIO
Xy | =1cm. B skocTi po3umHy MO piB-
HAHHSI BUKOPUCTOBYBAJIM 1UCTUILOBAHY BO-
ny. 3WoMky [Y-cmekTpiB NpoBOAMIM Ha
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®Dyp’e-CrieKTpOMETpi Perkin Elmer
Spectrum One. 3pa3ku roryBajiu y TabjeT-
kax KBr 1 3niManm y mianmazoni gactot 500-
4000 cm™,

PentreHiBCchbKi nU(ppakTOTpaMHu CUHTE-
TrnaHUX OK 3HIManu 3a METO0M IO POLIKY
Ha PEHTTE€ HIBCLKOM Y nudpakroMeTpi
JIPOH-2 3 Fey,-BUNpPOMiHIOBAHHIM (A=
0,19360 um) B nianmazoni kyTiB 20 = 20-120°.
HudpaktorpaMmu 3HIMAIHUCh TO TOYKax 3
kpokoM A260 =0,1° nmpu gacoBl HaKOUYEH-
Hf Y KOXHIU TOYIl 8 CEKyHII.

JlochmikeHHsI €JeMEHTHOr0 CKIIaay CHU-
HreTnuHux @®K nposoawniu Ha CHN-
anam3aropi Carlo Erba 1106. B nmanomy
OpWiaai ra3y, MO0 yTBOPIOIOTHCS MPHU Clia-
JIOBaHHI mpobu B armocdepl KUCHIO, TMPO-
XOJATh Yepe3 CUCTEMY PEaKTOPiB, MOTIM PO-
3MUISIOTBCA HAa XpoMmaTorpadiuHiii KoJIoHI i
JETEKTYIOThCSI Ha KaTapoOMETPi.

Mopdonoriro MoBepXxHi 3pa3KiB HOCIHi-
JOKYBaJIM Ha PaCTPOBOMY €JIEKTPOHHOMY Mi-
kpockorm  PEM-100. IIpoGomiaroroBka
BKmoyae BucynryBanHs OK, dikcamiro one-
pPKAHOTO TOPOIIKY Ha CTPYMOIPOBIIHIN
CTpiuIl Ta PO3MIIIEHHSA 3pa3Ky B KaMepl Mi-
KpPOCKOTIY.

KapOokcunbHy KHCIOTHICTh OJEpIKa-
HUX mpenapariB cuHTeTuuHUXx PK BU3Ha-
ganu 3arajdpHonpuiHiATHM Ca-areTarHuM
METOAOM.  3arajbHUNA BMICT KHUCIIO THUX
rpymn B CTpyKTypi cuHTeTHdHUX OK BM3Ha-
yaau 6aputoBuM mMetonom [22]. Ili meToau-
KU 0a3yroThcst Ha Tomy, 1110 @K yTBOPIOIOTH
3 jonamu Ba®* ta Ca®* manoposunnHi cou:
2HA+ Ba(OH)2 — BaAzl +2 Hzo
2 HA+ Ca(OAc), — CaA,| +2 AcOH
ne HA — cuarernmuni OK.

JI1s1 O HKM Yucia TpyI, 10 Ipopeary-
Bali B OapuTOBOMY METOJl HAJJIUIIOK

Ba(OH), tutpyethcst HCI, a B kanb1iiit are-
TaTHOMY METOJ1 BU3HAYAETHCA KiJbKICTh
OIITOBOi KHUCIIOTH, SIKa BUBUIbHWJIACS B pe-
3ynbTaTi peakmii. He nuBnsymch Ha yTBO-
pPeHHS MaJOpO3YHMHHHUX CTIOJYK, OOMIBI pea-
KIlii 3HAY HOIO MipOI0 HEOOOPOTHI. B 3B 53Ky
3 UM B 000X BUMAJKax pearc¢HT OepeThCs B
HAJIJTMIIKY . 3HAXOI)KEHHS PI3HULI MIX 3ara-
JHHOIO Ta KapOOKCHIIbHOIO KUCJIOTHICTIO J10-
3BOJISIE BCTAHOBUTHU BMICT (P HOJIbHUX TPy
y ckimani cuHTe3oBaHux mnpemapatie DK
[22].

BignoBHy emHicTh cuHTeTHdIHUX @K
BU3HAY AJIA 34 3arajibHO IPUHHATOI METO H-
kot [23]. Cyrp naHOro METOAY MOJIATAE Y
BimHoBNeHHI K3Fe(CN)g nmo K,Fe(CN)g dy-
JHBOKHUCIIOTaMHU a00 1HINHMHU THUIAMH TyMi-
HOBUX PEYOBHUH. /(s 1HOTO TOTYyBalHW TPH
pO34MHH, 30KpeMa: 1) po3uuH A 3 KOHICHT-
pamero cuateTmaEnXx ©OK 50 wmr/m i
Ks;Fe(CN)g xonnentpamiero 0,25 MMOJIB/IT;
2) xoJiocTuii po3uuH b 3 KOHIEHTpaIier
Ks;Fe(CN)g 0,25 MMoJb/i1; 3) X0IOCTHI PO3-
yuH B 3 xoHneHrpamiero cunretmaHux OK
50 mr/n. Bei po3uunu rotyBanu Ha 0ydepi 3
pH = 11, axwuil ogepKyBaiu MIISIXOM pPO3UH-
HeHHs 6,21 T Gopnoi kucnotu 3 4,00 T Ha-
Tpi#i rigpokcuny Ta 3,70 r kamit xmopugy B
1000 mn quctunboBanoi BoAu. IlpuroroBasi
TAaKUM YWHOM PO3YMHU 3ATUIIAIH B TEMHO-
My Micll Ha 24 roAWHU NMPU KIMHATHIN TeM-
nepatypi. Iliciga 1p0ro BUMiprOBaIM ONTHY-
HY TYCTHHY BCiX po3uuHiB mpu 420 HM, 110
BIIITOBI1a€ MaKCUMYMY MOTJIMHAHHA
Ks;Fe(CN)g, 1 po3paxoByBajau 3MeHIIIEHHS
onTu4HOI TycTuHu AA, 0OyMOBJIeHE BiJTHO-
BiaeHusiM K;Fe(CN)g, 3a hopmyoro:

AA= A(b) + A(B) — A(A),
ne A(A), A(b), A(B) — oty Ha rycTHHA po-
3uuHIiB A, b, B.
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Kimpkicts kamiit rekcamianogepary(1ll),
mo BigHoBUBCsA (An(K;Fe(CN)g)) pospaxo-
BYBAJIH 3a 3HAUYCHHSIM A A 13 rpajiyroBaJbHO-
ro rpadika i BU3HAYaJIW BiTHOBHY €MHICTh
(BE) 3a popmyoro:
An(K;Fe(CN),)

B€E (Mmmonb/T) = -1000,

DK

ne An(K;Fe(CN)g) — KiJbKICTh BiJTHOBIIEC HO-
ro; KsFe(CN)g; Mgk — maca ®K B po3uwuni,
MT.

[lkipka rpaHaty € GaraTum J>KepejioM
denompHUX cnionyk (3-28% [24, 25]), roso-
BHMM YHWHOM €JIarOTaHiHiB, BKJIOYAIOY U My-
HiKaJariH, a TaKoXX MEHIIY KiJIbKICTh ITyHi-
KaJIlHy, TaJOBOT KHUCJIOTH, €JIaroBoi KHUCJIOTH
Ta TJIKO3UJIIB €JaroBoi KHUCJIOTH (TeKCO3HII,
NIeHTO3 W, paMHO3Un) [26-28]. Enaroraniau
— 11e TyOWIbHI peYOBUHH, B IKUX TeKCarij-
pokcuaunpeHOBa KUCIIOTA CIIOJyuyeHa 3 eJa-
TOBOIO KUCJIOTOIO Ta IIYKPOBHUMH 3QJTUIIIKaM U
ectepHUM 3B’si3koM (puc. 1). MonekymsipHa
Maca eJlaroTaHiHIB MO>KE BapilOBaTHCS BiJ
300 mo 20 000 [1a [29]. HasBHicTh enaroTa-
HiHIB B OIUIOJHI TpaHATy HaJa€ MOXIUBICThH
BUKOPHUCTATH HOTO B SKOCTI pPEYOBUHH-
MpeKypcopa 3a paxyHOK HAasIBHOCTI B ix
CTPYKTYpl BEJIMKOI KIJbKOCTI (DeHOJIbHUX
¢parMeHTiB, 10 € HEOOXITHOIO YMOBOIO I
OJIepyKaHH CHUHTETHY HMX aHAJIOTIB HPHUPO/I-
HIX DK, a Takox BYrjIeBOIHEBUX 3ATUIIIKIB.
Kpim TOro, emarotaHiHM BOJIOAIIOTH IIUPO-
KM CIIEKTPOM TEpamneBTUYHUX BIACTHUBOC-
teit [30-33], Tomy ouikyeTbes, mo PK, one-
pKaHi Ha iX OCHOBI TaKOX BOJIOIITUMYTh
VHIKQJbHUMHU JTiKyBaJlbHUMHU BJIaC TUBOCTSI-
MU.

OnHak, KpiM eJ1aroTaHiHiB, ILIKipKa rpa-
HaTy MicTuTh 4-11 % nirniny [24. 25]. 3 xi-
MIYHOI TOYKHM 30py JITHIH — 1€ CKJIAJHUH

TPOXBUMIPDHHUIA CiTYACTHI TOJIIMEp, SKUMA
Ma€e apoMaTHIHY MPHUPOAY 1 YTBOPIOETHCS B
pe3ynbTaTi MoJiKOHAEHCalll JeKIIbKOX MO-
HOJITHOJIIB — KOPMYMHHMX CHHPTIB (TMapaky-
MapoBOTO, KOHI(EPHIOBOTO Ta CHHAIOBO-
ro). byaydu BUCOKOMOJIEKYJISIPHOIO pEYOBH-
HOI0O HATUBHUU JITHIH HE PO3YUHAETHCS Y
BOJIl, ajieé TMICJS JIY>KHOTO TiApOJi3y yTBO-
PIOIOTBCS TIPOJAYKTH 3HAYHO MEHIIOI MOoJe-
KyJsIpHOT Macu (B TOMY 4ucil 1 (peHOJIbHI),
AK1 T€K MOXYTh CIYT'YBaTH MO TEpe]HUKAM U
y cunre3i ananorie @K. Buxopucrtanss
HIKIPKY TpaHaTy B SKOCTI Jkepelia (e HOJb-
HUX CHOJIYK TMOB’SI3aHO 3 JEUIeBU3HOIO BHXi-
JTHO1 CUPOBUHH, sIKa € (PaKTHIHO BIAXOJaMH

HO
o)
HO Q ,
HO 0. OH
HO
o
HO

Puc. 1. [lynikanaris (esaroTaHi H1)

Taonumsal

EnemenTHHii aHadi3 cHHTeTHYHMX (yabBO-
KHCJIOT 3 OIUIOAHSI TPAaHATY B NOPIBHSIHHI 3
NPU POAHUMH (P yJIbBOKHCIOTAMHA

PeyoBuHa C O H N

Cunrernuni 44,2+ 47,7+ 4,3+ 2,8+
oK 0,2 0,5 0,1 0,2
[Mpupomni 33— 44— 3—- 2—
OK [1] 48 60 5 4
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3aBO/11B BUPOOHUIITBA I'PAHATOBUX COKIB.

Takum 94uHOM, B yMOBAX CHUHTE3Y B JIy-
KHOMY CEpPEJIOBHILI 3a HASBHOCTI YHCTOTO
MOJICKYJIIPHOTO KHUCHIO TPOXOIATH CKJIaIHI
peakiiii OKWCHEHHS €JaroTaHiHIB, a TaKOX
Ty HUH TiApoyi3 JIrHIHY, 3 HACTYITHOIO
OKHCJTIOBATLHOKO TIOJIIKO HICHCAINIEI0 YTBO-
PEHUX HUBBKOMOJIEKYISIPHUX (e HOJbHUX
dbparmenriB. Pe3ynpbTaTtoM IMX MPOIIECIB €
YTBOPEHHS CUHTETHY HUX (YJIbBATIB HATPIIO.
Bhacnigok mpomyckaHHs OJepKaHOT CyMIIl
yepe3 KaTioHOOOMIHHY KOJIOHKY, WOHM Ha-
Tpit0 OOMIHIOBAJIUCS HA H" #ouwu i Ha BUXOII
3 KOJOHKM oTpumyBanu cuHretnmuni OK.
Opepxannii po3unH cuHTeTHIHUX DK Mmae
pH = 2. Po3uyuHHICTh AaHOTO MPOAYKTY NpHU
Oynb-sikoMy 3HadeHHi pH € ogHmM 13 maT-
BEp/KeHb TOTo, 10 OyJlO OTpPUMAHO came
(GyIHBOKUCIOTH, a HE TYMIHOBI KHUCJIOTH, SIKI
BUMAIal0Th B ocaj npu pH < 2.

MacoBy KOHLEHTpALiIO OJEpXKaHUX CHU-
HTeTnuHUX @K BM3Hauanu rpaBiMeTpuy HO.
Bomna cranosuts 6,79 1/71.

JIst miaTBepAKe HESIM TI011I0HOCTI Oy0-
BU Ta BJIACTHBOCTEH OJIEPIKAHOTO MPOIYKTY
3 npuponuuMu ®K Oyno mpoBeneHO KOM-
IUIGKCHE JOCIIDKEHHS 1X (i3 MKO-XiMidHHUX
BIIACTUBOCTE 1.

BcranoBie nuit eJIeMe HTHUN CKJIaJg
oaepkanux cuntetudHux OK 1L JIKOM
Y3TOJKYETHCSL 3 JAaHUMU OJCPKaHUMH JJIS
OK, BWIydeHUX 3 NPUPOAHUX JIKEPE
(tabu.1).

OnHak, BIJICOTKOBHMH CKJaJ CHHTETHY-
Hux @K, Oe3nocepeHLO BCTAaHOBJICHUU B
aHai3l, He Ja€ HAOYHOTO YSABJICHHA PO
pPOJIb OKPEMHUX €JIEMEHTIB B TIOOYA0BI MoJe-
KyJ. [ st 3'sicyBanHs 1€l posi Oyno oO4mc-
neno atomui BigHomenns H/C, O/C i N/C,
K IOKa3yIOTh CKiJIbKHM aToMiB 'iiporeHy i

52

Taonuusa?2
Bignomenust H/C, O/C ta N/C pias1 cunreTn-
YHUX TAa NPUPOIHUX (P YJIbBOKHCIOT

PeyoBuHa H/IC o/C N/C
Cunretnudi PK 1,17 0,81 0,05
) 0,75- 0,69- 0,04-
Hppomui ®K[1]  4'e5 935 010

Oxcwureny npunagae Ha onuH atom Kapbony
(tabm. 2).

Beanuunu aromuux BigHone v H/C no-
3BOJISIIOTh  3pOOWTH BHCHOBOK IPO CTIBBIJI-
HOILIEHHS B MoJieKyJax cuHreTmaHux DK
am@aTUIHUX Ta ApOMaTHIHUX CTPYKTYP.

J.C. OpnoB [2] 3anponioHyBaB CHOJIYKH
3 BenmuuHoro H/C Oinbiie nBOX BiAHOCHUTH
1o napadiuis, Big 1,5 10 2 — 10 UKo Mapa-
¢iniB, a MmeHme 1,5 — 10 apoMaTUd HUX BYT-
JIEBOJIHIB.

3rigHo IBOMY TMAXOMY, B OJIEPKaHUX
cunteTnuHux @OK mepeBakae apomaTHdHa
CKJIaJ0Ba.

Beanuuna atomuoro BimHoureHus O/C
3aJI€KUTh B1JI CTYNeHSI OKHUCHEHOCTI 1 3017Tb-
IIYETHCA 31 301MbIICHHSIM YHCIA TiIPOKCH-
JbHUX, (DeHOJIbHUX Ta KapOOKC UITh HUX TPYII.
Jlns BinHomeHb N/C xapakTepHi caMi HIBb-
ki 3HaueHns nopiBasiHO 3 H/C 1 O/C. 3men-
menHs 3Hadenb H/C, O/C 1 N/C cBiguuth
mpo 30impmeHHs posi atoMiB KapOoHy B
noOy0Bi MOJIEKYJISI pPHOT CTPYKTYpH IO Bij-
HOIIeHHIO 10 atoMmiB [igporeny, Okcureny
ta Hitporeny.

Jlns oTpuMaHHs €JIEKTPOHHOTO CTIEKTPY
norauHaHHg cuHTeTHaHUX @K 1 mMu po3uwn-
Hy MpenapaTy BHOCHIN y MipHY KOJIOY Ha 25
MJI 1 JOBOAWIN OO MITKH JIWCTWIHLOBAHOIO
BOJOI0. Y SIKOCTI PO3UMHY MOPIBHIHHA BU-
KOPUCTOBYBAIM JUCTWILOBaHY Boay. s
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0.4 1

0,2 1

370 4710 570 A, HM

Puc. 2. Cnexrp normunanHs cunteTHuHux @K

nobynoBu rpadiky BHUMIpIOBaIUd ONTHYHY
TYCTUHY pPO3YHMHY TPH PI3HUX JOBXHHAX
XBUIIb (pHC. 2).

OtpumaHuii CTIEKTP Ma€ BUTIISI TOJIOTOT
KpPUBOI 3 MOCTYNOBMM 3MEHIIEHHSIM OITHY-
HOT TYCTUHH B Mipy 301UJIBIICHHS TOBXHHU
xpumi. Takuii XxapakTep CHEKTpY MOSICHIO-
I0Th  HasgBHiCTIO y  cTpykTypi @K
PO3Tally’)KeHOI CUCTEMU CIIPSKEHUX 3B A3KIB
>C=C< [1,2]. BcTaHoBieHe Oe3CTPyKTypHE
TIOTJIMHAHHS € TUTOBHMM 1 JJSI TPHUPOIHUX
(GyJIBbBOKHCIOT, IO MiTBEPAXKY€E OJIHOTHII-
HICTB 1X XIMI4HOI OyTOBM.

binbmr moBHy iHpopMmalnio mpo OyI0BY
®OK morxna otpumaru 3 [Y-cnektpis (Puc. 3).
IInpoka cMyra TOTIHHAHHS Tpu 3440 cm™
cBimunth mpo HasBHiCTe OH-rpym, 3B's13a-
HUX MIXMOJIEKYISIPHUMHU BOJHEBUMH 3B'SI3-
kamu. Cmyra nornuHanua npu 2960-2840
cm 3yMOBJIEHA BAJICHTHUM U KO JIMBAHHIMMHU -
CH, i -CH; anmidarugHoro JaHIgora, a mor-
munanss npu 1374 em™ cBimunts mpo xedo-
pmariiini konuBanHs C-H B HacuueHoMy

|II'I‘HIIGHHIIiU'I‘I>, E.0,

3500 2500 1500 v, oM

Puc. 3. [U-ciekrpu CMHTETUYHUX (@) Ta TPUPO-
nHux (0) K

amparmaHoMmy panukani. CMmyra norjinHaH-
w1 npu 1710 em™  xapakrepHa it KapOOK-
cwibHUX rpyn. Tpu cmyru 6amsko 1610,
1494 i 1450 cm™ XapakTepHi JJIsI KOJIMBaHb
apoMarnmaHOro Kimprs. Ilike mpu 1210 cm™
BiamnoBinaroTe KoymBaHHIM C—O 3B’SI3KIB Ka-
pOOKCWIbHUX 1 (DEHOJILHUX TPYTI, a B Jianaz3o-
mi  1025-1066 cv’ -  kommammo C—O
3B’A3KIB CIIMPTOBUX IPYTL

[MopiBusanbst [Y-criekTpiB CUHTETHY HUX 1
npupoguux PK MoxkHa 3pOOUTH BUCHOBOK
PO OJTHOTHITHICTb iX XIMIYHOT CTPYKTYPH.

3a JMaHWUMHW  PEHTTeHOAU( PaKIl HHOTO
aHanizy cuHretnuHi OK He MaroTh KpucTai-
YHOI CTPYKTYpPH, IO € TUNOBUM JUJI TPUPOI-
HUX TYMIHOBHUX peuoBHH (puc. 4).

Penped moBepxni cunteTmuHMX DK,
OJlep)KaHUX 3 OIUIOJHA TpaHaTy, JOCILIXKY-
BaJId METOJIOM PACTPOBOi €JIEKTPOHHOI MiK-
pockomii. OnmepxaHi 3HIMKHA CBil4aTh NPO
OJHOTHUITHICTh OJIEPKAHUX YaCTHUHOK MOPOLI-

Ky (puc. 5).
BaskJIMBOIO XapaKTEPHC THKOO CTPYKTY-
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Puc. 4. ludpaxrorpama cuateTnunux OK

pu ta peakiiitHoi 3natHocTi @K € KucHeBMi-
cHI (QyHKIOHANbHI TPpynH (KapOOKCHUIIbHI Ta
(GeHOIbHI TPYIH), SKI BU3HAYAIOTh iX XiMid-
Hy mnoBeAiHKy. OTpuMaHI 3HAY€HHS BMICTY
OCHOBHUX KHCJIOTHUX TPyl Yy CTPYKTypi
oaepkanux cuHreTnd HUX OK (Tadmn. 3) 3Ha-
XOJATHCS B Jialla30Hi, XapaKTepHOMY JJIs
npupogHux OK.

KpimM KHCTOTHUX TPYTI, BaXXIHBOIO BiIac-
tuBicTIO DK € iX OKMCHO-BITHOBHI MOKIIU-
BOCTI, SIKI 3a3BHYail XapaKTepm3ylOTh OKHC-
HO-BIJHOBHOIO €MHICTIO. OKWCHO-BIIHOBHA

€MHICTb - e KUIBKIC Th OKWUC HU-
Ka/B1JJHOBHHUKA, sgKa B1JHOBIIFOETh-
csa/okucmoeTbes: mpu  B3aemonii 3 DK,

Puc. 5. PEM-3HiMKH noponiky cuaTeTHuHnx OK

HOpMOBaHa Ha iXx Macy. B oxucHo-
BiiHOBHUX peakiisfix OK MoXKyTh BUCTyNATH
SK OKHCHHMKaMH, TaK 1 BIJIHOBHUKamMu [34,
35].

[TommpeHMM METOJOM BU3HAYEHHS BijI-
HOBHOI eMHOcTI @K € MeTon 3amporioHoBa-
Hult Mariecenom [23], sikuii 6a3yeThCs Ha
BigHoBieHHi K3Fe(CN)g mo K, Fe(CN)g cun-
tetnuHuMu DK. Buxopuctanns KizFe(CN)g
00yMOBJICHO THM, IO Bi1H Ma€ CTAIMH OKHC-
HO-BimHOBHUY moteHIian (0,543 B) B mupo-
xomy nianazoni pH (Bix4 mo 11). Kpim
TOTO, CHOEKTPU TOTIHWHAHHI  PO3YHUHIB
KsFe(CN)s ta K, Fe(CN)s Bimpi3ustoThCs
OJIVH BiJl OJTHOTO, 1[0 JI03BOJISIE MPOBOIUTH iX

Tadonuma3
®ynkuionaabaui anaaiz (—COOH i —OH rpyn) cuaTeTHYHHUX QYyJIBBOKHCIOT 3 OILIOJHS Ipa-
HaTYy
Y (ArOH+
—-COOH, | ArOH,
PeyoBuna COOH),
MMOJIB/T | MMOJIb/T
MMOJIB/T
Cunaretnuni K 7,8+0,2 2,7+0,2 6,0+0,1
pupoani ®K [1] 5,3-13,4 2,2-10,1 1,9-7,4
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Puc. 6. Cnexrpu normunanus KzFe(CN)g, cun-
tetnuanx DK icymapHoro pozunny KsFe(CN)s
1 cunteTnyHux K

dboTOMETpUYHE BH3HAUYEHHS TIPU CYMICHIN
NPUCYTHOCTI. XapakTepHUM € Te, L0 MpH
420 um crextp normuHaHeI KsFe(CN)g mae
MaKCUMYM, TOJI SIK TIPH JaHIi JOBXKUHI XB W
noruHaHH K4Fe(CN)g nyxe mane. He mano
BOXIMBUM € TaKOX (PakT BUCOKOI CTaO1IbHOC-
Ti K3Fe(CN)g ta K,Fe(CN)g, 110 B cBoto uepry
nornepeKye nepedir moOIYHUX peaKIiii.

Ha puc. 6 300paxeH0 CHNEKTpU TOIJIHU-
Hauas 0,25 MM posunny K;[Fe(CN)g], pos-
ypHy cuHTeTHuHMX DK, onmep:kaHmx oxwuc-
HEHHSM (he HOJIb HUX CTIOJIYK, IO MICTSThCS B
OTUIOJHI TpaHAaTy, KOHIEHTpaiieo 50 Mr/a
Ta PO34YMHY, IO MICTHUB OJTHOYAaCHO OOHWIBa
NoTIePe/IHI PO3YMHU B 3a3HAYCHUX KO HIICHT-
parisx.

B pesympTari Oyno BCTaHOBIEHO, IO
3HAYEHHS BIJHOBHOI €MHOCTI IJI1 CHHTETHY-
nnx ®OK cranoButs 5,2 +£0,3 MMmonb/T. 3Ha-
yeHHd Koe(ileHTy Bapialli HE TEePeBUIYE
1%, mo CBiQUUTH TPO XOPOUIY BiATBOPIOBA-
HICTB JAHVX.

BcranoBsiieHo, 1m0 BiJHOBHA €MHICTh

cunreTmaHUX DK 3 ommogna rpaHaty 3Ha-
XOAATHCS B Jlama3oHi 3HAYEHb XapaKTe pHUX
st npupoaHux POK BmiydeHux 3 IpyHTY
(1,09 — 6,5 mmoun/T) [22].

BUCHOBKH. BcranoBneHo, 1o (eHo-
JbHI CTIONYKH, SIKI MICTSTHCS B OTUIOIHI Tpa-
HATy MOXYTh OyTH BHKOPHCTaHI B POJIi TO-
NepeaHuKa AJIT OJACPKAHHIA CHHTETHUY HUX
(GyTBBOKHCIIOT.

[lopiBHAMbHUI  aHaM3  €JIeMEHTHOTO
CKJIaly Ta CHEKTpajJbHUX XapaKTepPHUCTHUK
OJIEPKAHUX 3a PO3POOJIEHOI0 METOAUKOIO
curetmdHUX PK 3 mpuponHmmu OK no-
3BOJIMB KOHCTaTyBaTH OJHOTHUITHICTH iX Xi-
MiyHOi OynmoBu. PenrtreHonudpakiyiHmi
aHaT3 CHUHTETUYHUX (YIBBOKHCIOT CBIJI-
YUTh MPO iX aMOpdHY IPHUPOY.

Po3paxoBaHO BMICT OCHOBHUX KHCJIOT-
HUX TPyl y CTpyKTypi cuHTeTmaHUX DK Ta
iX BITHOBHY €MHICTh. 30KpeMa BMICT KapOo-
KCHJIb HUX TPYII CTAHOBUTH 2,7+0,2 MMOJIB/T,
a peHonpHUX rpyn — 6,0+0,1 MMonb/T; Bil-
HOBHA €MHICTh CTaHOBHTH
5,2 +0,3 MMOJIB/T.

PEM-3HIMKHM BHCYIICHHUX TpenapariB
CUHTETHMYHUX (YIHBOKHCIIOT CBig4arh IMPO
OJHOTHUITHICTh OJIEPXKaHUX YaCTHHOK TOPO-
IKY.

CUHTETUYECKHUE ®YJIbBOKNCJIOTBI C
OKOJIOTUIOAHUKA TPAHATA

B. A. JIutBun

Yepracckuii HAYUOHANLHBIL VHUBEPCUMEM UM.
b. Xmenvnuyxozco, 6ynes. lllesuenko, 81, Yep-
kacu, 18000, Ykpauna

*email: litvin_valentina@ukr.net

Pazpaborana HOBast OpUTHHAIBHAS METO/IH-
Ka TOJy4eHHUsS] CHHTCTHYCCKUX (YITBBOKUCIOT
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OyTeM OKUCICHHS (EHOJbHBIX COEAUHEHUM
OKOJIOIIJIOAHWKA I'paHaTa (BHaFOTaHI/IHOB Hn JIUr-
HUHA) MOJIEKYJISIPHBIM KHCIIOPOJIOM B IIEJIOY-
HOM cpene. CpaBHEHHE CHIEKTPAIBHBIX U (PU3H-
KO-XUMHYECKU X CBOMCTB MOJYYEHHOTO MPOJIYyK-
Ta U NPUPOJHBIX (PYIBBOKHCIOT CBHUAETEIbCT-
ByeT 00 OTHOTHUITHOCTH UX XUMHUYECKOIO CTpOe-
Hus. OfHaKo, B OTJIIMYME OT NMPUPOIHBIX (PyIb-
BOKHCJIOT, CUHTETMUYECKHE AHAJIOTH, I1OIy4EH-
Hble 0 Pa3pabOTaHHOM METOAMKE XapaKTepH-
3yIOTCSL KOHTPOJIMPYEMBIMH U BOCIPOM3BOIM-
MBIMHU CBOMCTBaMH, YTO 3HAYUTEIBHO pacUMps-
€T BO3MOXHOCTH HUX HCIIOJB30BaHUA B MCIUIIH-
HE.

KnioueBrse cnosa: T'YMHUHOBBIC BEIICCT-
Ba, CHHTCTUYCCKHC Q)YHBBOI(I/ICJ'IOTBI, 9Jiarora-
HWHBbI, JUTHHUH.

SYNTHETIC FULVIC ACIDS FROM
POMEGRANATE PEEL

V.A. Litvin

Bohdan Khmelnitsky National University,

Shevchenko str. 81, Cherkasy, 18000, Ukraine
*email: litvin_valentina@ukr.net

It is known that fulvic acids (FA) have a
whole complex of therapeutic properties, but
their widespread introduction into medical prac-
tice is limited by the dependence of the proper-
ties of the final product on the source of their
extraction. In this regard, research aimed at de-
veloping experimental approaches for the pro-
duction of synthetic substances that are similar
in structure, physical, chemical and therapeutic
properties to natural FA, but characterized by
standardized and controlled parameters, is of
interest. The purpose of the work was to develop
a method of obtaining synthetic FA using as a
precursor ellagitannins and lignin extracted from
pomegranate peels and comprehensive study of
their properties. As a result of the experiment

and the analysis of the results it was found that
the elagotanins and lignin contained in the peel
of pomegranate can be used as a precursor to
obtain synthetic FA. Comparative analysis of the
elemental composition and spectral characteris-
tics of synthetic FA with the literature data for
natural FA allowed to ascertain the uniformity
of their chemical structure. X-ray diffraction
analysis of synthetic FA indicates their amor-
phous nature, which is typical of natural FA as
well. The content of basic acid groups in the
structure of synthetic FAs and their recovery
capacity are calculated. In particular, the content
of carboxyl groups is 2.7 £ 0.2 mmol/g, and the
phenolic groups - 6.0 £ 0.1 mmol/g; the recov-
ery capacity is 5.2 + 0.3 mmol/g. The SEM im-
ages of the dried synthetic FA preparations show
the uniformity of the powder particles obtained.
However, unlike natural FA, synthetic analogues
obtained by the developed method are character-
ized by controlled and reproducible properties,
which greatly expands their use in medicine.

Keywords: humic substances, synthetic
fulvic acids, elagotanins, lignin
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