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The metal polymers based on mono- and heteroligand -diketonate complexes of Yb(III)
with 2,7-dimethyl-octen-1-dione-3,5, 2,6-dimethyl-heptene-1-dione-3, 5 and with phenan-
throline was synthesized. It has been defined that the coordination environment of the central
ion remains unchanged during radical polymerization. The shape and position of the bands
in the electronic absorption spectra are similar to the corresponding monomeric B-diketonate
metal complexes, and slight shifts indicate deformation of the elementary unit of the metal
polymer during the formation of the polymer chain. It is shown that the polymerization pro-
cess lead to an increasing in the thermal stability of polymer complexes in comparison with
monomeric analogues. An increase in the emission of metal polymers in comparison with
monomeric complexes was established by the method of luminescent spectroscopy, which is
due to energy, steric, and structural-mechanical factors.

Keywords: unsaturated p-diketones, complexes, ytterbium, polymerization, lumines-
cence.

INTRODUCTION. In the modern world,
it is difficult to overestimate the role of

and developing polymer compounds with
fundamentally new or improved physical and

polymeric materials in industrial production
and it is almost impossible to find industries
where they are not used. However, the
requirements for the characteristics of such
materials are constantly growing, so the efforts
of many scientists are aimed at searching for

chemical properties (thermal, conductive,
magnetic, luminescent, etc.).

In this regard, directions for obtaining
composite, hybrid materials, as well as orga-
nometallic compounds with improved cha-
racteristics are developing at an ultrafast pace
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[1-5]. Common to these areas is that due to
the combination of components of different
nature in the compounds (as a rule, organic
and inorganic parts), there is a significant im-
provement in the final characteristics of the
synthesized materials due to the synergistic
effect. This makes it possible to obtain a large
number of new compounds, varying both their
qualitative and quantitative composition over a
wide range, depending on the requirements for
such products.

The synthesis of organometallic com-
pounds has been the most important direction
in coordination chemistry for several decades.
If ligands with a double bond, which can en-
ter into polymerization reactions, are used
as initial components, then this is also one of
the ways to obtain polymeric materials [6, 7].
It is important to note that with this method
of synthesis, all units will be interconnected by
strong covalent bonds (unlike supramolecular
compounds), which will make it possible to
evenly distribute the metal over the polymer
matrix and expect an improvement in the per-
formance of such a material.

Metal complexes acting as monomers dur-
ing polymerization should have high thermal
stability, solubility, and stability in organic sol-
vents. In this regard, unsaturated B-diketonate
complexes with metals of various nature (both
3d and 4f metals) are promising, on the basis
of which both metal polymers and copolymers
with predictable functional characteristics can
be synthesized.

The most demanded today are materi-
als with luminescent properties [8-10]. It is
known that lanthanides often act as active
centers in such compounds, which can emit
both in the visible (Eu, Sm, Tb) and infrared
(Nd, Er, YDb) regions. It is the last group that is

of the greatest interest, since it is the least stu-
died, however, interest in such developments
is constantly growing given their prospects in
production (as components in optoelectronics,
for the protection of securities, in the medical
industry, etc.) [11-13].

Since the use of monomeric luminescent
materials is limited by a number of disadvan-
tages (insufficient thermal stability, suscep-
tibility to aggregation, difficulty in obtaining
film materials), the synthesis and preparation
of polymer compounds based on them seems
even more reasonable, since it makes it po-
ssible to overcome them, and sometimes (for
example, in the case of obtaining copolymers)
also significantly reduce the cost of the process,
without losing useful properties. In addition,
an effective approach in the development of
lanthanide-based luminescent compounds is
the preparation of mixed-ligand p-diketonate
systems, which becomes possible due to the
high coordination capacity of the Ln(III) atom
[14, 15].

Therefore, the purpose of this work is to
obtain and study the physicochemical char-
acteristics of new polymer compounds based
on monomeric ytterbium [-diketonate com-
plexes (Yb(dmhpd),-2H,0, Yb(dmhpd),-Phen,
Yb(dmod),2H,O, Yb(dmod),-Phen) as pre-
cursors of efficient luminescent materials.

EXPERIMENT AND DISCUSSION OF
THE RESULTS. In the work, homopolymeri-
zation of the synthesized Yb(III) B-diketo-
nate complexes was carried out by a radical
mechanism according to the method [16].
Mono- and mixed-ligand complexes of Yb(I-
IT) with 2,7-dimethyl-octene-1-dione-3,5 and
2,6-dimethyl-heptene-1-dione-3,5 were used
as starting materials (Fig. 1) . The synthesis of
complexes is described in [17].

ISSN 2708-129X. VKp. Xim. XypH., 2022
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Figure 1. - Structure formulas and names of B-diketonate ligands.

Since the polymerization of -diketonates
of lanthanides occurs according to the same
mechanism as the polymerization of vinyl
monomers, azobisisobutyronitrile (AIBN)
was used as the initiator of radical polymeri-
zation, and the polymerization temperature
was 80°C.

The synthesized compounds were investi-
gated by IR spectroscopy, diffuse reflectance
spectra (DRS), thermogravimetry and lumi-
nescence analysis.

IR spectra were recorded on a Specord M80
spectrometer in the region of 400-4000 cm-1
in KBr tablets.

Diffuse reflectance spectra in the range of
300-1100 nm were recorded on a Shimadzu
UV-3600 UV-VIS-IR spectrophotometer.

The hydrate composition of the synthe-
sized compounds and their thermal stability
were determined by the DTA method. Ther-
mograms were recorded on a Q-1500 °D deri-
vatograph of the E Paulik, J. Paulik, L. Erdey

system in the temperature range of 20-500 °C
with a heating rate of 5°C/min in a platinum
crucible in the presence of a carrier (anhy-
drous AL O,). The excitation and luminescence
spectra of solid complexes were recorded on a
Fluorolog FL 3-22 spectrofluorimeter, Horiba
Jobin Yvon (Xe-lamp 450 W) using an OS 11
filter, followed by their correction taking into
account the radiation distribution of the xenon
lamp and the sensitivity of the photomultipli-
er. An InGaAs photoresistor (DSS-IGA020L,
Electro-Optical Systems, Inc, USA, (cooled to
liquid nitrogen temperature) was used as a ra-
diation detector for the IR region.

In order to determine the method of coor-
dination of ligands to the metal ion during the
polymerization of Yb(III) complexes, studies
were carried out by the method of IR spec-
troscopy. The results of the study of IR spectra
are presented in Table 1, where, taking into ac-
count the literature data, the vibration bands
were assigned [18].

Table 1. — Assignment of oscillation frequencies in IR spectra.

compound v(Ln-0) + SC}mng v(Ln-N) | v _(C==C) | v (C===0) | v (C=0) | v (C=C)
[Yb(dmhpd),] 419, 426, 484, 511 - 1537 1578 - 1659w
[Yb(dmhpd),-Phen] ~ 417,429,475,515 468 1535 1577 - 1653w
[Yb(dmod),] 421,435, 481, 511 - 1542 1581 - 166w

[Yb(dmod),-Phen] ~ 419,439,474,518 465 1544 1584 - 1663w
https://ucj.org.ua 5
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The IR spectra of the investigated polymer
compounds showed that the shape and posi-
tion of the characteristic vibration bands are
similar to those of the corresponding mono-
mer complexes, i.e. they do not depend on the
length of the hydrocarbon radical. The inten-
sity of the bands is significantly lower, which
is due to the increase in molecular weight and
indirectly indicates the formation of a polymer
structure. The C-O and C-C vibration bands
undergo only a slight shift to the low-frequen-
cy region, but their position clearly indicates
the bidentate-cyclic coordination of [-dike-
tonate ligands to ytterbium [19]. It should be
noted that the vibration band corresponding to
the C=C double bond almost completely dis-
appears in the case of polymer samples, which
also indicates the polymerization of complexes.
The presence of insignificant shoulders in this
range indicates the remains of terminal dou-
ble bonds in polymer molecules. Oscillation
bands observed for the studied samples in the
region of 400-600 cm-1 indicate the presence
of a metal-oxygen bond. Thus, confirming the
invariance of the structure of the elementary
links of the polymer molecule. It is difficult to
draw conclusions about changes in the Yb-O
bond based on the IR spectra, since in this
range the sum of fluctuations of both the M-O
bond and deformational vibrations of the che-
late ring is observed [18]. However, it should

be noted that these bands are more ordered
in the case of polymer monoligand complex-
es compared to their monomer counterparts,
which may be due to a more strong structure
of the polymer chain.

For polymers obtained on the basis of
mixed ligand complexes, in addition to the
above-mentioned vibration bands, we also ob-
serve a band corresponding to the Yb-N bond
(465, 468 cm™). Its presence confirms that
the hetero-ligand complexes (HLC) molecule
is part of the elementary link of the polymer
chain without undergoing changes in its struc-
ture.

In the region of 3200-3600 cm™ in the IR
spectra of all synthesized ytterbium metallopo-
lymers, there is a weak wide band of oscilla-
tions, which may indicate the presence of wa-
ter in the samples. Presumably, this may be due
to both the moisture content of the sample and
the presence of water molecules in the voids of
the metal polymer.

In order to identify the hydrate composition
and thermal stability of the investigated com-
pounds, analysis by DTA was carried out. The
study of thermal destruction of metal-polymer
samples is carried out not only for the purpose
of obtaining new heat-resistant materials, but
also to determine correlations between their
structure and properties. The results of their
study are given in table. 2.

Table 2. - Results of thermogravimetric analysis.

dehydration process
Compound start of d ion?
t, °C / thermal effect Am, % start of decomposition
[Yb(dmhpd),] 124/ endo 2,1 325
[Yb(dmhpd),-Phen] 131/ endo 1,6 371
[Yb(dmod),] 135/ endo 1,8 343
[Yb(dmod),-Phen] 134/ endo 1,5 358

ISSN 2708-129X. VKp. Xim. XypH., 2022
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Comparing the thermograms of polymer
compounds with the corresponding thermo-
grams of metal complexes, some differences
can be noted. For all studied polymer samples
in the temperature range of 110-150 °C, as well
as for monomer complexes, we observe a loss
of mass, but in the case of polymers, its value
is insignificant (Am = 1.5-2.1%). This may in-
dicate that water molecules are not included in
the structure of the macromolecule. However,
taking into account the rather high values of
the dehydration temperature, we can conclude
about the presence of occluded water, that is,
water distributed in the cavities of the polymer
molecule. Such a structure is caused by the
polymerization process at low temperatures.
Another feature of the thermal decomposition
of metallopolymers is that the temperature of
the start of destruction increases by 10-15 °C
in the studied monoligand samples compared
to their monomer counterparts [20]. For hete-
roligand polymers, the temperature of the be-
ginning of the destruction of the structure of
macromolecules is 358-371 °C, which indi-
cates the greatest thermal stability among the
studied systems. This can be explained by a de-
crease in the mobility of bonds in the polymer
molecule with the formation of mesh struc-
tures. With increasing temperature, a wide
exoeffect is observed on the thermograms of
monoligand samples, which can be attribut-
ed to the destruction of the polymer chain.
For mixed-ligand polymer compounds above
350 °C, a number of minor thermal effects are
noted, which can be associated with both the
rearrangement in the structure of the meta-
llopolymer and the destruction of their mac-
romolecules.

The process of thermal decomposition of
Yb(III) metal polymers is similar for different

https://ucj.org.ua

ligands, but comparing the thermograms of
mono- and heteroligand samples, one should
note an increase in the thermal stability of the
latter.

Since the remains of the samples after ther-
molysis up to 500 °C are 48-54%, this may
indicate the incomplete destruction of poly-
mer molecules at a given temperature due to
the progress of structuring reactions in paral-
lel with the thermal decomposition reactions,
and, consequently, the high thermal stability of
the presented samples.

To determine the structure of the elemen-
tary unit of the metal polymer molecule, the
synthesized compounds were studied by dif-
fuse reflection spectroscopy. On the figure 2
have shown the diffusive reflectance spectra
of dimethyloctenedione polymer complexes
in comparison with their monomeric counter-
parts. In the near ultraviolet (200-400 nm) re-
gion (Fig. 2a), there are bands associated with
n—7* transitions. In this range, for the mono-
meric monoligand complex, an extended band
(A, = 288 nm) is observed, corresponding to
electronic T—7* transitions from the ground
(S,) to the excited state (S,) of the ligand mo-
lecule.

For the polymer analogue of the Yb(III)
complex, this band broadens and splits into
two components (\_ = 268 and 290 nm),
which can be a confirmation of polymeriza-
tion. As for the heteroligand compounds of
ytterbium dimethyloctenedionate, this band
is broadened, split and significantly shifted
to the region of high energies (Amax = 257
and 347 nm for [Yb(dmokd),«Phen] ), which
may be due to the overlap of the bands n—m*
transition and charge transfer bands from the
ligand to the metal. The shape and position of
this band for metal-polymer compounds also
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confirms the formation of a polymer struc-
ture.

As is known, the electronic spectra of ytter-
bium compounds (Fig. 2b) are characterized

[Yb{dmokd) ]

Yb('dmokd)} Phen

[‘1’b(dm0kd)3Phen]u

N

Yb(dmokd),

T T T T T T
250 300 350 400 450  A.nm

a

by one transition ’F, , -°F, , of the Yb(III) ion
from the ground state.

The maxima of these transitions for the
studied metallopolymers are shown in Table 3.

D

1,54
Y dmokd)jPQen
1,04 \
054 Ybidmokd), [Yt\:(dmokd);]"
[Yb{dmokd) Phen]
____________/\____
0,0 % T 2 T ¥ T i 1 *
850 900 950 1000 1050 JLnm

Figure 2. - DRS of mono- and polymer compounds of ytterbium(III).

Table 3. - Positions of transition maxima in the DRS of Yb(III) metallopolymers.

Compound A__,nm Compound A, DM
Yb(dmhpd),2H,0 10270 Yb(dmokd) -2H,0 10255
[Yb(dmhpd) -2H,0]_ 10290 [Yb(dmokd),-2H20]_ 10280
Yb(dmhpd),-Phen 10265 Yb(dmokd),-Phen 10250
[Yb(dmhpd),-Phen] 10275 [Yb(dmokd),-Phen] 10288

For all Yb(III) compounds, a slight shift of
the band (~20-40 cm™) to the short wavelength
region is observed in comparison with mono-
meric metal complexes, which has a slight
deformation of the polyhedron during poly-
merization and, probably, indicates an increase
in the bond metal with a ligand. It should be
noted that the shape and position of the bands
in the DRS of ytterbium polymers practically
do not differ from their monomeric counter-
parts, which indicates the same structure of the

molecule of the complex and the correspond-
ing elementary units of the polymer chain.
That is, the geometry and structure of the coor-
dination polyhedron of the structural units of
the macromolecule does not change during the
polymerization of the complexes (Fig. 3). Thus,
based on the results of the study and drawing
an analogy with the previously studied metal
complexes [20, 21], we can conclude that the
coordination polyhedron of the polymer unit
is a square antiprism:

ISSN 2708-129X. VKp. Xim. XypH., 2022
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R=-CH(CH,) ; -CH,CH(CH,),

Figure 3. — Scheme of structure of Yb (III) poly-
complexes.

Thus, according to the totality of the ana-
lyzes performed, it was found that the com-
position of the polymers corresponds to the
formulas [Yb(B-dik),] and [Yb(B-dik),-Phen]
(B-dik = dmhpd, dmod).

As is known, ytterbium complexes are ca-
pable of exhibiting 4-f luminescence in the
near IR range. Regarding the information on
the emission characteristics of polymers con-
taining compounds Yb(III) in their composi-
tion, they usually concern materials obtained
by metal intercalation into the polymer matrix
of industrial monomers [22]. The number of
works on the study of the luminescent pro-
perties of polymers, in which each metal ion
is associated with the organic component by
chemical bonds and is uniformly distributed
in the macromolecule, is still limited. Of par-
ticular interest are the emission properties of
the synthesized polymer compounds. In or-
der to select metal complexes, precursors of
luminescent materials, a comparative analysis
of the luminescent characteristics of Yb(III)

https://ucj.org.ua

monomeric and metal-polymer p-diketonate
complexes was carried out.

To record the luminescence spectra of the
synthesized compounds in the solid state,
the excitation spectra of [Yb(dmhpd),] and
[Yb(dmhpd),-Phen] were recorded. One band
with a maximum at A __ = 365 nm and 361
nm, respectively, is identified in the excitation
spectra of the compounds under study. Excita-
tion to the maxima of these [Yb(dmhpd),]
and [Yb(dmhpd),-Phen] bands causes emis-
sion due to the transition of an electron from
the triplet level of the ligand to the singlet level
of the lanthanide ion.

In fig. 4 shows the luminescence spectra
of polymer compounds of ytterbium with di-
methylheptendione.

I arb.un.
um.

100000+ [Yb(dmhd) Phen]

80000

60000

[Yb(dmhd).]
40000 o

20000+ 0
Yb(dmhd) ,’ZHZO

0
900

T T T ¥
950 1000 1050  Anm
Figure 4. - Luminescence spectra of ytterbium

polydimethylheptendionates.

It is known that the Yb(III) ion has one
transition from the excited level °F, , — °F,
(Amax = 981 nm and 985 nm, respectively).
The shape and position of the presented bands
do not differ significantly. As can be seen from
the figure, the relative emission intensity of
[Yb(dmhpd),] is 1.5 times higher than the

relative intensity of the monomer analogue
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Yb(dmhpd),. This is due to a decrease in con-
centration quenching and, as a result, non-ra-
diative losses.

The emission intensity of mixed ligand
complexes [Yb(dmhpd),-Phen] is 3-3.5 ti-
mes higher than that of monoligand analogs
Yb(dmhpd),-Phen. This is due to the replace-
ment of water molecules in the nearest coordi-
nation environment and the additional anten-
na effect of the phenathroline molecule.

On fig. 5 shows the photoluminescence
spectra of polymeric derivatives of dimethy-
loctenedione complexes ytterbium. The ex-
citation of these samples A, =361 nm leads to
intense 4-f radiation. The shape and position
of the band maxima are similar to dimethyl-
heptenedionates. As can be seen from the fi-
gure, the band is split into 2 components, and
the maxima are observed at 984 and 985 nm
for [Yb(dmod),] and [Yb(dmod),-Phen] , re-
spectively.

I, arbun. 5

em - ,FS_Z- 2F72

160000

[Yb(dmod) Phen]
120000 /
Yb(dmod) 2H O
80000 (dmod), 2H,
40000 -
|
[Yb(dmod),]

0

T * T T .
950 1000 1050 A,nm

Figure 5. - Luminescence spectra of ytterbium
polydimethyloctenedionates.

However, there is some difference in the

properties of the complexes based on the gi-
ven ligands of these systems. Thus, the rela-

10

tive emission intensity of the metallopolymer
[Yb(dmod),] is 1.5 times less than that of the
monomer. A comparative analysis of mono-
meric and metallopolymer complexes of yt-
terbium with different ligands indicates high-
er emission properties of compounds based
on dimethyloctenedione, which is due to the
longer length of the hydrocarbon radical and
the increase in the covalency of the bond [20].
In addition, this may be due to the low degree of
polymerization of dmhpd-based compounds
due to rapid chain breakage, and, as a result,
the formation of several oligomeric forms that
will cause concentration quenching. This fact
is confirmed by the half-width and splitting of
the emission band.

It is known that the spectral lines have a cer-
tain width - the larger, the wider the gap. All
spectra were recorded at the same slit width,
except for [Yb(dmod),-Phen] . It was possible
to register a qualitative spectrum only with
an increase in the width of the slit, which re-
sulted in the expansion of the emission band
and its significant splitting. In this case, the
radiation intensity of [Yb(dmod),Phen] is
3 times higher than the radiation intensity of
Yb(dmod),-2H,O. A significant antenna effect
of the phenatrolin molecule due to addition-
al energy transfer, luminescence sensitization,
and the formation of a more strong structure
of such compounds contribute to an increase
in emission characteristics. It should also be
noted that the addition of phenatrolin, which
replaces H O molecules in the nearest coor-
dination environment of the lanthanide ion,
neutralizes the additional quenching effect of
water molecules.

The studies performed have shown that the
nature of the substituents in the ligand mo-
lecules and the length of the hydrocarbon ra-

ISSN 2708-129X. VKp. Xim. XypH., 2022
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dical have a significant effect on the emission
properties of metal complexes.

arb.un.
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| [Yb(mphpd) ],

8000
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0
900
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950 1000 1050 A.nm
Figure 6. - Luminescence spectra of ytter-

bium metalopolymers.

Figure 6 shows the luminescence spectra of
YDb(III) metal polymers with aromatic (mphpd)
and aliphatic substituents. The maximum emis-
sion intensity is characteristic of the yterbium
metal polymer with dimethyloctenedione. The
relative emission intensity of [Yb(dmod),]n is
2.2 and 2.7 times higher than the emission in-
tensity of [Yb(dmhpd),] and [Yb(mphpd),] ,
respectively. The large difference in the energy
of the triplet level of the ligand and the reso-
nance level of the lanthanide, the steric factor,
and the shielding of the emitting ion by bulky
ligand molecules cause the low emission of
complexes with aromatic substituents.

For heteroligand metal polymers with phe-
nantrolin (Fig. 7), this dependence is more
noticeable. In this case, a similar dependence
is observed: the relative intensity of the lumi-
nescence of the HLC increases in the series:
[Yb(mphpd),-Phen] <[Yb(dmhpd),-Phen]_
<[Yb(dmod),-Phen] .

https://ucj.org.ua
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Figure 7. - Luminescence spectra of hetero-
ligand ytterbium metal polymers.

Based on the data of luminescent analysis,
it can be concluded that heteroligand poly-
mer complexes based on -diketones with ali-
phatic substituents can be the most effective
precursors of luminescent materials emitted
in the NIR region. The use of their analogs
with aromatic components is less reasonable,
since bulky structural units shield the emitting
centers, thus reducing the emission characte-
ristics of the compounds.

CONCLUSIONS. In this work, for the first
time, metalopolymer samples based on ytterbi-
um (III) dimethylheptenedionate and dimethy-
loctenedionate, and polymer compounds of
their heteroligand derivatives, were obtained
by radical polymerization. Their structure,
thermal and luminescent properties have been
studied. It has been determined by DRS and IR
spectroscopy that the structure of the elemen-
tary unit of the polymer chain of the obtained
polycomplexes does not undergo significant
changes during polymerization. The ligands
are coordinated to the metal in a bidentate-cy-
clic manner, and the shape of the coordination
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polyhedron corresponds to a square anti-
prism. Thermogravimetric studies have shown
a significant increase in the thermal stability
of the studied compounds compared to their
monomeric counterparts, which is associated
with the formation of a more stable polymer
structure with a system of branched bonds.
At the same time, heteroligand metal poly-
mers demonstrated the highest thermal stabi-
lity. An analysis of the luminescent properties
showed that all polymers exhibit effective IR
luminescence, while its relative intensity var-
ies in the series [Yb(dmhpd),] <[Yb(dmod),]
<[Yb(dmhpd),-Phen] <[Yb(dmod),-Phen] .
Comparison of the emission characteristics of
the studied compounds with metal polymers
based on methacrylacetophenoates and ter-
bium showed that the use of aliphatic p-dike-
tones with a linear structure as initial ligands
in order to obtain mixed-ligand systems and
polymeric materials on their basis seems to be
the most promising. A high relative emission
intensity is characteristic of heteroligand com-
plexes; therefore, they can be proposed as pre-
cursors of luminescent materials.
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MeromoM  pajuKanpbHOI — IOJIiMepM3alil
OJlep>KaHO METa/IONOJIiMEPU Ha OCHOBI MOHO-
Ta 3MillIAHOJITaH/IHUX [3- AMKEe TOHATHUX KOMII-
nekcie Yb(III) 3 2,7-mmmernii-okreH-1-mio-
HOM-3,5 Ta 2,6-mMeTU/I-TenTeH-1-1ioH0M-3,5
Ta (EeHaHTPOTIHOM. 32 JOTIOMOTO0 KOMIIJIEK-
cy ¢isMko-XiMiYHUMX MeTOAIB aHajIi3y BCTa-
HOBJIEHO, 1[0 Oy/IOBa elleMeHTapHOI TaHKU He
3a3HA€ CYTTEBUX 3MiH IOPIBHAHO 3 BUXIiJHU-
MM MOJeKynamu P-aukeToHaTiB. TepMiunmin
aHaJIi3 NIOKa3aB 3HAYHe IMiBUIIEHHSA TeMIIe-
paTypyu IIOYaTKy PO3K/IaflaHHA METasIoIOoi-
MEpPHUX CIIONYK BiJHOCHO IXHIX MOHOMEPHUX
a”HanoriB. MeTtomoM MIOMiHECIIeHTHOI CITeKT-
POCKOIIil BCTAHOBJIEHO, 10 JOCHIIKyBaHi
3pasKy NPOAB/AITD iHTeHCUBHY IY-mrominec-
LIeHIIi10. 3pOCTaHHA eMiCiIHUX BIaCTUBOCTEN
METAJIONO/IIMEPIB 3YMOBJIEHO 3MEHIIEHHAM
0OMiHHNX B3a€MOfIill 3a PaXyHOK YTBOpPEHHS
BIIOPAKOBAHOL CTPYKTYPM, a Y BUIA/IKY 3Mi-
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IIAHOJITAHAHUX CIIONYK — YHACTiJOK Hofat-
KOBOTO IIepeHOCy eHepril Ta ceHcubimizamii
JIIOMiHeCIIeHIIil.

Knio4oBi cmoBa: HeHacy4eHi [B-AMKeTOHH,
KOMII/IEKCH, iTep6iI7[, noniMepusalis, JIoMi-
HeCIIEHITis.
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CUHTE3 TA ®0TOXIMI4HI BNIACTUBOCTI HOBUX

CTUPUNXIHONIHBMICHUX NMONIMEPIB

B. O. Cmoxkan, O. I. Xapuenko*, O. 0. Konenoo

Kuiscoxuti nayionanvruti yrieepcumem imeni Tapaca Illesuenka, éyn. Bonooumupcoka, 64/13,

Kuis 01601, Yxkpaina
* e-mail: oksana_kharchenko@ukr.net

B po6oTi onmcaHo cuHTe3 MeTaKpUIOBMX IOTiMepiB 3i cTupuixiHomiHOBUMM pparMeH-
TaMu B 6iYHOMY aHII031. [locimpkeHo moniMepuaaliiiny 3aTHICTD Ofiep)KaHUX MeTaKpuIa-
TiB Ta BCTAHOBJIEHO KIHETUYHI 3aKOHOMIPHOCTI Y pajMKasIbHiil TEpMOIiHIili/I0OBaHiN IoxiMe-
pu3aLil [UIaTOMETPUYHNIM MeTOOM. byioBy MOHOMEpiB Ta moniMepiB JoOBeIeHO METOOM
[IMP-cnekrpockomii. [JocrimkeHo ¢poToxiMiuHi BIacTMBOCTI OTprMaHux nonimepis. [Toka-
3aHO, 1IJ0 HOBI Moj1iMepy 3faTHi 10 HOTOIH/IYKOBAHOI TpaHC-IUC-i30Mepu3anil.

KnrouoBi cnoBa: pagyukanbHa nomiMepusalis, apua(MeT)akpuiaTi, GOTOXiMiuHi Bl1acTn-

BOCTI, CTUPU/IXiHO/IIHBMICHI ITO/IiMEpIL.

BCTYII. Cnonyku, mo MiCTATb XiHOMiHO-
BUI (pparMeHT, IMPOKO PO3IOBCIOMKEHI B Me-
IVIVIHI, IX MOXXHA BMKOPMUCTOBYBATU fAK Xap-
4OBi /;00aBKY, KaTajisaTopy, 6apBHMKM, a TI0-
XifjHi Ha IXHill OCHOBI 3aCTOCOBYIOTH y HadTO-
XiMiYHi/I IIPOMMCIOBOCTI, €eKTPOHIL TOLIO.
XiHomiHOBUI pparMeHT NPUCYTHIN B 6araTbox
CIIONTyKaX, III0 € KOMIIOHEHTaMJ1 610/T0ri4HO aK-
TMBHUX 3aC00iB, 5IKi IIPOSB/IAIOTH IPOTUMAIS-
piitHi, IpOTUMIKPOOHI, aHTMOaKTepia/lbHi, aH-
TUZENPeCaHTHI, IPOTUCYOMHI, IPOTUBIPYCHI,
MIPOTUITYX/IVHHI, aHTUTINEpTEeH3UBHI BIaCTH-
BocTi. Tako)x Ha IXHill OCHOBI yCIillIHO CTBOpe-
HO JIiKapChKi 3aco6u, 110 € iHribiTopamu TMpo-
3MHKiHa3y, Ta MPOAB/IAITD IPOTN3aIa/lIbHI Ta
AHTUOKCUIAHTHI BIacTUBOCTI [1].

Ilo6pe BifoMO, 10 IPOTrHO3YBAaHHS BIaC-
TUBOCTENl HOBMX CIIONYK € OJHUM i3 OCHOB

Cy4aCHMX CMHTETMYHMX IifXOfiB. Bce dacri-
1le BUKOPUCTAHHA LbOrO IiJXOAY A€ MOX-
JIMBICTb CMHTE3YBaTU HOBI MOJIEKYIN 3 IIPO-
THO30BAHVMM 3aJIEKHOCTAMU CTPYKTypa —
BracTUBOCTL. 1 poboTa € ImpOOBKEHHAM
TIOCTiI>KeHHsI BIACTUBOCTEV HOBUX IIOIiMe-
piB 31 CcTMpMIXiHOMIHOBMMM QparMeHTaMu.
OcKinbky MOJEKY/IN 3i CTUPUIXiHOMTIHOBUMU
JaCTVHAMU KITACUQIKYIOTh K CTUIbOEHM, TO
3arajibHi BJIACTMBOCTI CIIONYK, IO MiCTATh
CTUPWIXiHOMIH, MOXXYTb OyTU NMORiOHMMU O
QHA/IOTIYHNUX CTM/IBOEHOBMX CIIOYK.
CtunbOeHBMICHI MOXifHI € mepcreKTuB-
HUMM MaTepiajlaMi Jjis MOJIEKYIAPHOL e/leK-
TPOHIKM 3aBJAKM MOX/IMBOCTSAM CTBOPEHHA
Ha IiXHiJl OCHOBi OpraHiYHMX IIPOBiJHUKIB,
¢doronepeMnKkauiB, OpraHiqyHUX ANUCIIIEIB a00
6iocencopis [2]. Binbmr toro, mocmimkeHHA
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IIepPCIIeKTHB 3aCTOCYBAHHA CTIIbOEHBMICHUX
MOXiIHUX IPOMIOBXYETbCA YK€ IIOHAJ IIiB-
cronitts [3]. HuHi reteporukiiuHi aHamorn
CTWIBOEHY LIMPOKO BUKOPUCTOBYIOTb Y pi3-
HUX Ta/Ty3saX HayKy i TexHiknm [4].

Sk yxe Oyno 3a3HayeHO BMUILE, CTUPWIIXi-
HOJIIHM € NOXiTHMMM CTUIbOEHY, 1[0 MIiCTATDH
IBa aKTUBHUX LIEHTPU — €HJOLUMK/IIYHII aTOM
a30Ty Ta €TUIEHOBY I'pymy. TakMM YMHOM, CTU-
PUNXIHOMIHM MOXYTb BCTYIIaT! B pisHOMa-
HiTHI oToximiuHi peakuii [5—8], Tomy cTBO-
peHHSA QOTOAKTMBHMX HOTIMEpiB Ha OCHOBI
MOJIEKY/T i3 KOMIIJIEKCOM KOPMCHMX BJIaCTH-
BOCTEN! € OTHUM 3 aKTya/IbHIX 3aBJaHb Cydac-
HOI noimMepHoi XiMmil. MeTakpuiosi nonimepn
3 pisHuMU (HOTOAKTUMBHUMU (parMeHTaMU
B 6iyHOMY /MaHII03] 6y/10 HO6pe BuBYEHO i iX
IIMPOKO 3aCTOCOBYBA/IM B 6ararbox raayssx,
TaKUX AK ONTOENEKTPOHIKA, HeJliHiliHA ONTH-
Ka, OIITUYHi MaTepianu [y 36epiraHHs JaHUX,
6ioximiuHi pedyoBuHM Ta MepunyHa. [Tomime-
pu, 10 MalTbh GOTOXPOMHI dparMeHTH, Taki
K a3o [9], ayponn [10], ninHamoinu, xanko-
HI, KyMapyUHY, CIiPOOKCa3UHM, AiapuieTeHN
Ta iH., TAKOX ABJIAIOTH OO0 3HAYHMIL iHTe-
pec 3aBAAKM IXHIM IIMPOKUM MOXK/IMBOCTAM
IO 3aCTOCYBaHHA B ranmysax ¢otronitorpadii,
CTBOPEHHI HEJIHIHO-ONTUYHNUX MaTepialis,
PIAKOKpMCTA/NIYHUX MarepialiB Ta rojorpa-
¢biunnx enementis [11—15].

Hobpe Bigomo, 110 3 yCiX TUIIB 1O1iMepiB
nonmiMernnmerakpunar (IIMMA) wmae pes-
Ki BaX/IMBI IlepeBaru, 30KpeMa 3aJOBibHY
MeXaHIYHy MIIHICTh Ta HU3bKY TOKCUYHICTb.
AXpuioBi noniMepy IMPOKO PO3MOBCIOMIKeE-
Hi cepell €IeKTPOONTUMYHNX KOMIIOHEHTIB Yy
PiSHUX eIeKTPUYHMX NPUCTPOSX i1 00po6-
K/ ONTMYHMUX CHUTHaliB, BK/IIOYAK4M iHTEp-
dbepomeTpyu, OnNTMYHI HepeMMKadi, ONTUYHI
HiICU/TIOBadi, TeHepaTopy, OOYMCTIOBaIbHI
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npuctpoi [16—18]. Hosi momimepn 3i ctupmi-
XiHOTIHOBUM (PparMeHTOM MOXKYTb OyTU Hep-
CIIEKTMBHVMU B I€peTiueHNX rajysax 3acTo-
CyBaHb Yepe3 iXHIO BIUCOKOepeKTUBHY (OTO-
IHIYKOBaHY TPAaHC-LMC-TPAHC i30MepU3alio.

Mertoro 11i€i po6oTH OyB CHTE3 HOBUX I10-
niMepiB i3 (HOTOXIMIiYHMMU BIACTUBOCTSMIU,
aHAJIOTIYHMMM JOCTI[PKeHiil paHille a3o0eH-
30JI0BMIiCHII1 moximuiit [19].

EKCIIEPMIMEHT 1 OBI'OBOPEHHA PE-
3YJIBTATIB. TIMP-cnextpn (400 Mru) ycix
CIIONYK 3allCaHO Ha CIeKTpoMeTpi Mer-
cury(Varian) 400 y pumeTmacynbpoKcupi
(IMCO-d6) BigHOCHO TeTpaMeTHMICUIAHY.
PeecTpallito cIeKTpiB IOITIMHAHHA OfeprKa-
HUX CIIONYK BUKOHYBaJaM Ha CIEKTPOMETpi
Perkin-Elmer UV/VIS/NIR Lambda 19 3a
KiMHATHOI TeMIlepaTypu.

MeToguKy CHUHTE3y IMOXiIHMX Ha OCHOBI
2-cTupuIxXiHOMiHIB 6y/10 onmcaHo panire [20,
21]. Cnonyku 1a, 1b ta 5¢, 5d 6y10 ogepxaHo
KOHJIeHcalliexo KHoeBeHarensa 3 BigmoBimHN-
MM apOMaTUYHVMM a/bJETifaMu IPOTATOM 14
rogud (mrg 1a, 1b) Ta 5 rogun (s 5¢, 5d);
3arajibHy CXeMy peakllil HaBeJjeHO Ha puc. 1
Ta puc. 2. Anymoroun crionyku la, 1b Ta 5c¢,
5d X7IOpaHTiIpUIOM METaKPUIOBOI KMUCIOTHU
3a IPUCYTHOCTI TpUeTUIaMiHy, OY/I0 ofiep>ka-
HO BiJIIOBiHI MeTaKpM/IbHi MOXifHi 2a, 2b Ta
MeTaKpuIaMifiHi noxigHi 6¢, 6d, ski € cTivikn-
MM 3a KIMHATHOI TeMIIepaTypy Ta pO34YMHHI B
6araTbOX OpraHiyHNX PO3UNHHIKAX.

2-(2-(4-Tpugpmopmemungeninemunin)
xinonin-8-on (la). T = 136 °C. Buxin 95%.
IIMP (400 I'i, IMCO-d,), 8, m.u: 7.10 (z, 1H,
Ar-H),7.23 (1, 1H, Ar-H), 7.38-7.42 (m, 1H, -
CH=; m, 1H, Ar-H), 7.60-7.63 (1, 1H, -CH=),
7.65-7.73 (m, 4H, Ar-H; m, 1H, Ar-H), 8.08 (c,
1H, ~OH), 8.10-8.12 (1, 1H, Ar-H).
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Puc. 1. Cxema cuHTe3y Ta XiMi4Hi CTPYKTypM CUMHTE30BaHMX CTUPWIXiHOMIHBMICHMX Ta aMiHO-
CTUPUIXiHOMHBMICHUX TTOXigHMX. PearenTn Ta ymoBu: a) Onrrosuit anrigpus (Ac,0), 140 °C, R-PhCHO;
6) 1 cragis, etunosuit cnupt (EtOH), HCI (xonw); 2 crapis, EtOH, (Et),N; B) aumerundopmamin
(AIM®A), CH,=C(CH,)COCI, —5-0 °C, (Et),N; r) IM®A, 80 °C, aproms, 2,2"-a306ici306yTnpoHniTpun
(AIBH); m) IM®A, metunmetakpunar (MMA), 80 °C, apron, AIBH

Fig.1. Scheme of the synthesis and chemical structures of synthesized styrylquinoline-containing
and aminostyrylquinoline-containing derivatives. Reagent and conditions: a) acetic anhydride (Ac,0),
140 °C, R-PhCHO; b) 1 stage, ethanol (EtOH), HCI (c); 2 stage, EtOH, (Et)3N; ¢) dimethylformamide
(DMF), CH,=C(CH,)COClI, —5-0 °C, (Et),N; r) DME, 80 °C, argon, 2,2 -azobisisobutyronitrile (AIBN);
d) DME methylmethacrylate (MMA), 80 °C, argon, AIBN.

2-(2-(4-Emoxcucgeninemunin)xinonin-8-on
(1b). T = 120 °C. Buxin 75%. IIMP (400 Iir,
HMCO—dG), 0, m.u: 1.4 (M, 3H, CH3), 4.04-4.06
(M, 2H, -CH,-), 6.9 (m, 2H, Ar-H), 7.0 (m, 1H,
“CH=),7.2-7.3 (, 2H, Ar-H; 1H, -CH=), 7.5 (z,
2H, Ar-H), 7.6 (g, 1H, Ar-H), 7.9 (n, 1H, Ar-
H), 8.13-8.15 (1, 1H, Ar-H), 9.09 (¢, 1H, ~OH).

https://ucj.org.ua

2-[2-(4-Tpugpmopmemun)perninemunin]xi-
Honin-8-in 2-memunnponin-2-enoam (2a). T =
96 °C. Buxig 69%. TIMP (400 Tiy, IMCO-d,),
8, M.u: 2.40 (¢, 3H, ~CH,), 6.04 (¢, 1H,=CH),
6.72 (¢, 1H, =CH,), 7.37-7.41 (5, 1H, ~CH=),
7.59-7.62 (M, 2H, Ar-H; 1H -CH=), 7.75-7.79
(M, 7H, Ar-H).
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2-[2-(4-Emoxcu)perinemunin]xinonin-8-in
2-memunnponin-2-enoam (2b). T = 94 °C.
Buxin 51%. I[IMP (400 Iy, IMCO-d,), 8, m.u:
1.40 (M, 3H, —CH,), 2.24 (m, 3H, -CH,), 4.04-
4.06 (m, 2H, ~CH,-), 5.88 (c, 1H,=CH.), 6.57
(c, IH,=CH,), 6.8 (, 2H, Ar-H), 7.07-7.11 (x,
1H, -CH=), 7.4-7.5 (M, 4H, Ar-H; 1H, -CH=),
7.6 (m, 2H, Ar-H), 8.04 (m, 1H, Ar—H).

2-[2-(¢penin)emunin]xinonin-4-amin  (5¢).
T =162 °C. Buxin 90%. IIMP (400 Iy, IMCO-
d), 8, m.u: 6.5 (¢, 2H, -NH,), 6.8 (c, 1H, Het),
7.17-7.19 (m, 1H, =CH-), 7.27-7.31 (m, 1H,
Het; 1H, Ar-H), 7.35-7.4 (1, 2H, Ar-H), 7.54
(r, 1H, Het), 7.6-7.63 (M, 1H, =CH—; 2H, Ar-
H), 7.76(n, 1H, Het), 8.05 (1, 1H, Het).

2-[2-(4-Xnopogenin)emunin]xinonin-4-
amin (5d). T = 210 °C. Buxig 80%. IIMP
(400 I, IMCO-d,), 8, m.u: 6.8 (c, 1H, Het),
6.9 (¢, 2H, -NH,), 7.26 (n, 1H, =CH-), 7.36 (T,
1H, Het), 7.44 (1, 2H, Ar-H), 7.6-7.63 (m, 1H,
=CH-; 1H, Het), 7.71 (m, 2H, Ar-H), 7.76 (g,
1H, Het), 8.12 (m, 1H, Het).

2-[2-¢peninemunin]xinonin-4-in-2-memusn-
2-nponernamio (6¢). T = 130 °C. Buxig 50%.
[IMP (400 Iy, AIMCO-d,), 8, m.u: 2.07 (c, 3H,
~CH,), 5.55 (¢, 1H, =CH,), 6.0 (¢, 1H, =CH),
7.2 (n, 1H, =CH-), 7. 35 (1, 1H, Ar-H), 7.41-
7.45 (m, 1H, =CH-; 2H, Ar-H), 7.57 (1, 1H,
Het), 7.68-7.72 (M, 2H, Ar-H; 1H, Het), 7.7(c,
1H, Het), 7.89 (m, 1H, Het), 8.06 (m, 1H, Het),
10.01 (¢, 1H, NH).

2-[2-(4-Xnopodpenin)emunin]xinonin-4-in-
2-memus-2-nponenamio (6d). T = 145 °C.
Buxin 80%. IIMP (400 Iy, IMCO-d,), 8, m.u:
2.19 (¢, 3H, -CH,), 5.69 (¢, 1H, =CH), 6.0
(c, 1H, =CH,), 7.36-7.41 (m, 2H, Ar-H; 1H,
~CH-), 7.53-7.58 (m, 1H, Het; 2H, Ar-H),
7.65-7.7 (m, 1H, Het; 1H, =CH-), 7.77 (m, 1H,
Het), 8.12 (1, 1H, Het), 8.6 (¢, 1H, NH), 8.67
(¢, 1H, Het).
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Ilonimepusauyis. Y HaBefeHiit po6oTi cuHTe-
30BaHO IOJIiMepU 3i CTUPWIXiHOMIHOBUM (ppar-
MeHTaMy B OOKOBOMY JIaHII03i, IO MiCTATb
pi3Hi 3aMiCHMKM Y p-IIOJIOKE€HHI apomMaTuy-
HOTO Kinbl. Jomononimepu Ta Konomimepu 3
MMA (1:3) cuHTe30BaHO IIISIXOM Bi/IbHOpa-
OVIKaJIbHOI TEPMOIiHILIiNIOBaHOI ITOIiMepU3aIiii.
HocnikeHo mnoniMepusaliliHy 34aTHICTb i
BCTAHOBJIEHO KiHETUYHI IapaMeTpu JJIA CIIO-
nyk 2a, 2b Ta 6¢, 6d mim yac MpoXomKEHHSA
TepMOiHiLiloBaHOI romononiMepusanii. Ilo-
niMepusanito nposoguan A 10 %-posunHis
MoHoMepiB y IM®A 3a 80 °C B armocepi ap-
rony 3 1 % AIbH. KonTpakuii BusHa4amm 3a
nonomorolo Katetomerpa KM-6, koHBepciio -
rpasBiMerpuyHo. Ilomimepu BucamKyBamm B
MeTaHo. OunIieHHs 3MiICHIOBAIN IIISIXOM
KiZIbKapa3oBoro nepeocajxeHHa 3 JM®A B
MeTaHon. Ilomimepn BucymyBanu y BaKyyMi
3a temneparypu 30 °C ynpogosx 10 rop. 3a-
rajibHa CXeMa CMHTe3y Ta Oflep>KaHi CTUPUIXi-
HOJIIHBMIiCHI I10/1iMepY HaBEJEHO Ha PUCYHKAX
1-2 (1, ). Komonimepusariito cionyk 2a, 2b ta
6¢, 6d i3 MMA 6y10 IpoBeieHO 3a ONMUCAHUX
BUIIE YMOB, MOJIbHE CIIIBBIJHOIIEHHA BUXIiJI-
HIX MOHOMePpIB cKnazgano 1:3.

3a KiHETMYHMMMU KPUBMMM PO3paxOBaHO
HIBUAKOCTI POCTY Ta CyMapHi KOHCTaHTU TO-
MoromiMepu3sanii (tabm.1)

AK 1 odikyBanu, Iid BCiX HOBMX MOHOMeEpiB
MIBUAKICTD TOiMepy3anii Oyaa BUINOK, HiX
st MMA Ta dpeninmerakpuinary (PMA) yepes
BIUIVIB 3aMiCHVKQ B P-IIOJIOKE€HHI B apOMaTuy-
HOMY Ki/IbLji CTMPWIXiHOMIHOBOTO (PparMeHTy.
Kpim 1poro, mBupkictp moiimMepusariii 36imp-
1IyBasiacsd 3a paxXyHOK IOCK/IEHHS JOHOPHOTO
edexTy 3amicHuKa. BcTaHOB/IEHO, 1O MIBUJ-
KicTh monimepusanii s 2b Buma, HDK s
MOHOMepa 2a. Mo)XHa IPUITYCTUTH, 1110 3MEH-
IIeHHs MIBUAKOCTI NoniMepusanii BifOyBaeTs-
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sl 33 PaXyHOK 3aMiCHMKa, 1[0 IIPOABIIAE €/leK-
TPOHOAKI[ENITOPHI B/IACTUBOCTI Ta MOXe OyTH
IIACTKOM0 Il BibHUX pagukaniB. KineTmuni
KPMBI paJiMKaZbHOI TrOMoOIONiMepusanii 2a,

2b, 6¢, 6d HaBemeHo Ha puc. 3. [TokasaHo, 1110

HIBMJIKICTD IIO/TIMEPU3ALLil /L1 HOBUX MOHOMe-

piB cTMpUXiHOMIHY Bulla, HDK 111 PhMA, Ta B
2-13 pasiB Buia, HiX 11 MMA.

Tabmunsa 1

Table 1.

KineTnyni napamerpn TepmoiHinilioBanoi pagukanbHoi noxiMepusanii 10%-posunHis

moHoMmepiB (80°C, 1% AIBH, apron)

Kinetic parameters of thermally initiated radical polymerization of 10% monomer

solutions (80°C, 1% AIBN, argon).

Monomep Buxin 3a 4 roguau, % VpxlO“, MOIb/mixc! sz103, MoJb/ntxc?
2a 47 3,72 1,13
2b 77 7,36 2,10
6¢ 49 1,40 6,86
6d 55 5,0 2,84
MMA 33 1,08 0,51
PhMA - 0,52 1,10

100 ~

2
'3
,.al—r|4

Conversion (%)

LE |
40 60 80 100 120 140 160 180 200 220 240

T
0 20

Time (min)

Puc. 2. Kinetnyni KpuBi pajfiMKa/jbHOI IOJIi-
Mepusanii 10 % posunHiB MoHOMepiB y JM®A
(80°C, 1% AIBH, apron): 1 - 2b; 2 - 6d; 3 - 6c;
4-2a

Fig. 2. Kinetic’s curves of radical polymerization
for 10 % solutions of monomers in DMF (80°C, 1%
AIBN, argon): 1 - 2b; 2 - 6d; 3 - 6¢; 4 - 2a.

https://ucj.org.ua

Y mnonepennix poborax [eTaabHO JOCHIi-
IKeHo (OTOXIMiuHi Ta CHeKTpanbHi BIACTU-
BOCTI ITOXITHUX CTUPUIXiHOJIHY; BCTaHOBJIE-
HO, IO IS CTUPU/IXiHO/IIHBMICHUX IOXiTHUX
npyu onpomiHeHHi Y®-cBiTIOM BinOyBaeTbcs
nporec TpaHc-1uc-doroizomepusanii. Poro-
i3omepusalisa NpOXOAUTD i3 BUCOKMMM KBaH-
TOBMIMM BMXO[IaMV B HEMTPAJIbHIN 1 IPOTOHO-
BaHUX opMax, a TaKOX CHOCTepiraemo 6a-
TOXPOMHI 3CYyBM CMYT IOIIMHAHHA B KMC/INX
cepenmoBuIax [22, 23].

HopmanisoBaHi crieKTpy NOITMHAHHA II0-
nimepiB 1 - 7¢, 2 - 7d, 3 - 3a, 4 — 3b HaBegeHO
Ha puc. 4. Mo>XHa IOMITUTH, 110 B HaBEIEHNX
CIIEKTpax MOI/IMHAHHA iCHY€E IHTEHCUMBHA CMY-
ra NOIIMHAaHHA, AKY BiTHOCATD 10 T-TU* Iepe-
XOIy KOH IOTOBAHOI cycTeMu. MakcumyMm mo-
[JIMHaHHA Ha JinaHui 315-325 HM xapakrep-
HMIT 171 CTM/IBOEHOBOI TPYIN, TOfI SAK IIede
6/113bK0 340 HM MOXXHA BiHECTM HO XiHOJII-
HOBOTO Ki/IbII MOJIEKY/IN.
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1,57

Absorption (a.u)

0.0

T T T T |
250 300 350 400 450

Wavelength (nm)

Puc. 3. Cnexrpu nornuuanss 8 TT® posunHis
nonimepis: 1 - 7¢,2 - 7d, 3 - 3a,4-3b

Fig. 3. Absorption spectra of polymer solutions
in THF:1-7¢,2-7d,3 - 3a,4 - 3b.

Ina imocrpaunii npouecy ¢oroisomepusa-
il mig yac YO-onpomineHHs 6y10 gociixe-

HO 3MiHM CIEKTPiB IIOITIMHAHHA CIONYKM 3a
puc. 5.

1,25 4
1,00 4
0,754

0,50

Absorption (a.u.)

0,25

AW N =

0,00

T 1 1
300 350 450

Wavelength (nm)

2%0 400
Puc. 4. CrnexTpu mHOITTMHAHHA PO3YMHY 3a B
TI'® npu YOP-onpominenHi: 1 —0¢ 2 —11¢3 —
22¢4—-42¢5-72c
Fig. 4. Absorption spectra of 3a solution in THF
at UV irradiation: 1 — 0s;2 — 115;3 —225;4 — 42
$;5—72s.
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[1ig yac onpOMiHEHHA CIIOCTEPIraEMO 3MEH-
IIEHH IHTEHCUBHOCTI ITOITIMHAHHA B Jjialla3o-
Hi 279—390 HM Ta 36i/bIIeHHA IHTeHCUBHOCTI
HNOITIMHAHHA 1pu 233-247 HM 3 i3006ecTny-
HOI0 TOYKOI0 npu 249 HMm. IligTBepmXeHHAM
IIOBHOI HE3MIHHOCTI NPOTIKal4oro IpolLecy
MOXXYTb OYTY HasBHICTb i306€CTIYHOI TOUKU
Ta 30i/IbIIEHHs IHTEHCMBHOCTI MaKCHMYMiB
MIOI/IVHAHHA BHACTIJJOK ONpOMiHEHHA. 3MiHN
B CIIEKTpax IOINIMHAHHA CIIOCTEPiraeMo mpu
onpomiHeHHi 3a 20°C Y®-nmamIo10 3 JOBXN-
HOIO XBUIi onpoMiHeHHA 365 HM. ITouaTkoBi
CIIEKTPM HaJIeXXaTh O TPAaHC-i30MepiB, a KiH-
1eBi — /1o poToCTaIliOHAPHKX CTaHIiB PS, ., mo
CK/IQJIa€ThCsA 3 CyMillli TpAaHC- i Mc-i3oMepiB.

BVICHOBKI. Po3po6ieHO IUIAXV CHHTE3y
CTUPUIXIHOMIHOBUX IOXIZHMUX Ta MOHOMEpIB
Ha ixHil1 ocHoBi. CUHTE€30BaHO Ta JOCiIKEHO
HOBI METAaKpU/IOBi IOIMepU 31 CTUPUIIXiHO-
NTiHOBUM (parMeHTOM y GOKOBOMY JIaHIIIO3i,
TOCTIIKEHO 3[JaTHICTDb CIIONIYK 31 CTUPUIIXiHO-
niHOBUM (parmMeHTOM [0 (oTOizOoMepu3ariii
nig piero Y®-onpomineHH:A. KineTuky tep-
MOIHIIIi/I0BaHOI TOMONONIIMepu3allil 3a paju-
Ka/IbHMM MEXaHi3MOM J|/Ii HOBMX MOHOMEpIB
2a, 2b, 6¢, 6d nocmimKeHO AMIATOMETPUYHUM
METOJOM. Pesynbraty JOCTiIPKEHHA CIIEKTPiB
IIOITIMHAHHA CUMHTE30BaHMX IIONiMePiB [OBO-
OATD, IO ONTUYHO AKTUBHUI CTUPUJIXIHOMI-
HOBUJI (pparMeHT y mosiMepax 36epiraerbcd,
TaKUM 9MHOM (POTOXIMiuHi BIaCTUBOCTI HO-
BUX IIOJIMEpIB BiAIIOBIaTUMYyTh B/IACTUBOC-
TAM CTUPWIXiHOMIHBMICHUX CIIONyK. Bcra-
HOBJIEHO, 1IJO BBEJEHHSA €IEKTPOHOJOHOPHMX
TPyl Y CTUPWIXIHOMIHOBMII (PparMeHT Hpu-
3BOUTDb N[O 0AaTOXPOMHOTO 3CYBY CIIEKTPY
MIOI/IMHAHHA. 3MiHM MaKCYMYMiB IIOIJIMHAHHA
g yac onpominenHaA YP-cBiTnoM crionyku 3a
JIeMOHCTPYIOTb IPOXOKeHHA POTOiHTyKOBA-
HOI TpaHC-IC-i3oMepu3alii. 3 OTpUMaHNUX Ta
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IIPe/ICTAaB/IEHNX Pe3y/IbTaTiB MOXXHA 3pOONUTHI
BJYICHOBOK, 1110 IOIMepU 31 CTUPUIXiHOMIHO-
BUM Ta IMIHOCTMPUIXiHOMIHOBMM (parmeH-
TOM MO>KHA pO3ITIALATY AK IIEPCIEKTUBHI Ma-
Tepianm JiA CTBOPEHHSA Ha IXHil OCHOBI Ma-
TepiasiB, AKi MOTpeOy0Tb POTOIYTIMBOCTI B
IIEBHOMY Jlialla30Hi IOB)XVH XBUJIb.

=y, Po60Ty BuUKOHaHO B Mexax jep>k01o-
<) mxernoi Temu «Li6puani HaHOCKUCTE-
MU Ha OCHOBi “smart”-nomiMepiB s
6ioTexHONOrill Ta MeIUMIIMHN», TePKaBHUIT
peecrpaniitanii Homep: 0122U001818.

SYNTHESIS AND PHOTOCHEMICAL PROPER-

TIES OF NEW STYRYLQUINOLINE-CONTAINING
POLYMERS.

V. O. Smokal, O.G. Kharchenko*,
O. Yu. Kolendo

Taras Shevchenko National university of Kyiv,
Volodymyrska St. 64/13, Kyiv, 01601, Ukraine
* e-mail: oksana_kharchenko@ukr.net

Compounds 1la, 1b and 5c, 5d were ob-
tained by Knoevenagel condensation with
the corresponding aromatic aldehydes during
14 hours. The new methacrylic monomers with
styrylquinoline containing moiety were syn-
thesized by reaction the alcohols with meth-
acryloyl chloride. Polymers were synthesized
by free radical polymerization. Polymerization
ability was investigated and kinetic parameters
were determined for compounds 2a, 2b and
6¢, 6d during thermoinitiated homopolyme-
rization. Polymerization was carried out for

https://ucj.org.ua

10% solutions of monomers in DMF at 80 °C
in argon atmosphere with 1% AIBN. Polymers
were characterized by "THNMR spectroscopy.
The speed of polymerization of all new mono-
mers was higher than for MMA and phenyl
methacrylate due to the effect of the substi-
tuent in the p-position of the aromatic ring of
the styrylquinoline fragment. In addition, the
speed of polymerization increased due to the
donor effect of the substituent. It was estab-
lished that the speed of polymerization for 2b
is higher than for monomer 2a. It is possible
that decrease in the speed of polymerization
occurs due to the substituent, which exhibits
electron-accepting properties and can be a trap
for free radicals. The results of photochemical
and optical activities of the corresponding po-
lymers are presented. Investigations of the ab-
sorption spectra of the synthesized polymers
prove that the optically active styrylquinoline
fragment in the polymers is preserved. Thus
the photochemical properties of the new po-
lymers will correspond to the properties of sty-
rylquinoline-containing compounds. It was es-
tablished that the introduction of electron-do-
nating groups in the styrylquinoline fragment
leads to a bathochromic shift of the absorption
spectrum. Changes in absorption maxima dur-
ing UV irradiation of compound 3a demon-
strate photoinduced trans-cis isomerization.
From the obtained and presented results, it can
be concluded that polymers with styrylquino-
line and iminostyrylquinoline fragments can
be considered as promising materials for creat-
ing materials based on them that require pho-
tosensitivity in a certain range of wavelengths.

Keywords: radical polymerization; aryl-

(meth)acrylates; photochemical property; sty-
rylquinoline containing polymers.
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TEPMOAWHAMIYHO CTABIIbHI ®A3U CUCTEMU Ag,GaSe -Ag,GeSe,

3A T<600 K TA IXHI ®I3UKO-XIMIYHI BNACTUBOCTI
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®aszoBuii ckmazi piHOBaXKHOTO 32 T<600 K T-x npocropy cucremn Ag,GaSe ~Ag GeSe, (1)
BCTAHOBJIEHO 3a pe3y/braTaMyl HepeOynoBu (karamizatop Ag') KpMUCTaIidyHOI CTPYKTypuU
TepHapHUX (a3 Ta ixHiX (a30BO-HEPIBHOBAXKHIX CYMilllell B TO3UTUBHUX eJIEKTPOJIaxX eJIeK-
tpoximiuanx komipok (EXK) crpykrypu (=) C| Ag | SE | R(Ag®) | PE | C (+), ne C - inept-
HUII enekTpop (rpadir), Ag — HeratusHuii (miBuit) enexrpop EXK, SE - TBepamit enexrpo-
it (cxno Ag,GeS,), PE — nosutusnmit (npaswuit) enekrpop EXK, Burotosnenmit 3 pi6Ho-
nucrepcHoi, o6pe nepemimanoi gasoBo HepiBHOBaXKHOI cyminti comyk (Ag,GaSe,), = Ta
(Ag,GeSe,) , x=0,05; 0,1; 0,2 ... 0,9; R(Ag") — minauka PE, mo xonrakrye 3 SE, B Ky 3 Tep-
MOJVHAMIYHUX IPUYMH 3MicTuancs ioHn Ag' i3 niBoro enekrpopy. TemmeparypHi 3amex-
HocTi EPC (E) xomipok i3 PE cymimeit conyk, 3asHauenux x, a Takoxx EXK i3 PE cromyk
Ag,GaSe  ta Ag GeSe, xapaKTepu3yIOTbCS Ki/IbKOMA JUCKPETHIMI HITHIMY J/ITHKaMU B
Pi3HUX TeMIlepaTypHUX iHTepBalax Ta PYHKI[iOHA/IbHUMI 3a/IeKHOCTSMI Bijf TEeMIIepaTyp.
3a pesynbraramu 3anexxHocreit E=f(T) i3 PE 3a3HaueHux x BcTaHOBIEHO POPMYBaHHS HOBOI
TeTpapHoi cionyku Ag,_GaGeSe, , Ak dasu sminHOrO cKmamy B Mexax 0,25<x<0,75, TBep-
IMX PO3YMHIB Ha OCHOBi TepHapHux cronyk (Ag,GaSe ), s 0<x<0,15 ta (Ag,GeSe,) ns
0,83<x<1, nBoX BOodasHMX AIIAHOK B iHTepBanax 0,15<x<0,25 ta 0,73<x<0,77. [Ins1 cro-
nykn Ag GaGeSe , monepefHbO BCTAHOBIEHO KPUCTAMIYHY CTPYKTYPY, OTPUMAHO 3HAYEH-
Hs 3arajIbHOI Ta iOHHOI CK/IaflOBMX IIPOBiIHOCTI, YMcesl mepeHeceHH: B iHTepsani 290-380 K,
PO3paxoBaHO iHTeTpabHi BeIMYNMHN OCHOBHUX TePMOAVHAMIYHMX (YHKIIi 3a CTaH[ApT-
HUX YMOB.

Kirro4uoBi croBa: cpi6noBMicHI CIIONYKM, TepMOfMHAMI4Hi BIacTUBOCTI, pa3oBi piBHOBa-
i, MeTtacTabinbumit cran, Meton EPC.
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TEPMOAWHAMIYHO CTABIIbHI ®A3U CUCTEMU Ag,GaSe -Ag,GeSe, 3A T<600 K TA IXHI ®I3MKO-XIMIYHI BJIACTMBOCTI

BCTYII. Cnonykn Ag,GaSe, ta Ag GeSe,
bopMyOTbCSI B KBa3ilOABIMHMX CHUCTeMax
Ag Se — Ga Se, ta Ag Se — GeSe,, IIaBIATHCA
KoHrpyentHo npu 1031 K Ta 1175 K, 3asna-
I0Tb 3MiH KpUCTa/Ii4HOI CTpyKTypu npu 281 K
Ta 269 K, 321 K, BignoBifgHO. 3a CYKYIIHiCTIO
¢bisMKo-XiMIYHIX BIaCTUBOCTEN CIIOYKM Ha-
JIeXKaTh Jlo ciMelicTBa Ag' pOBigHNX MiHepa-
nip aprupogutry (Ag.GeS) Ta KaHQinbauTy
(Ag,SnS ). 3a mapameTpamu eeKTpoO- Ta Tell-
JIONIPOBIHOCTI CIIOYKM BiJJHECEHO MO IIepc-
NEKTUBHUX TEPMOENEKTPUYHUX MaTepiajiB
111 6€3110CepeHbOTO IIepe TBOPEHH A Ha /I -
KOBOI TerwIoBoi eHeprii B enexTpuyny [1-3].
Bucoki sHaueHHA CcymMapHOI €/1eKTPONPOBifi-
HOCTI Ta HU3bKi 3HAYE€HHSA TEIIONPOBiTHOCTI
CIIONYK Ppeajli3yloTbCsA 3a YMOB OJHOYACHO-
rO CIiBiCHYBaHHA >XOPCTKOTO KOBaJIEHTHO-
ro Kapkacy Ta pO3yNOpsJKOBaHMX KaTiOHIB,
SKi TOBOAATDH cebe K pimmua. OcobmuBicTIO
KpucTasiqHoi cTpykrypu Ag,GaSe € cerpera-
1id Ag* 3a HAABHOCTI I'paJjieHTy TeMIlepaTypu
10 JOBXMHI 3paska. HepiBHOMipHICTD posno-
miny Ag' BUABIAETbCA 4Yepe3 HEBiTBOpIOBa-
HICTb TeMIIEpaTypPHUX 3MiH IMTOMOI €/IeKTPO-
IpoBifHOCTI (0) mpM HarpiBi Ta OXONMOIKEHH]
3paskiB [2]. OuiHeHa 3a MapaMeTpoM TepMo-
enexTpu4Hoi gobpotHocTi ZT edexTuBHICTD
IIepETBOPEHHS TENIOBOI €HEePril B eIeKTpuY-
Hy A crexiomerpuuHoi Ag GaSe, mocsrae
3HauenHs 1,1 npu 800 K, a g dasu cxmapy
Ag, .Cu GaSe ZT~1,6 npu 824 K. [Ina dasu
Ag.GeSe, ZT~0,35, a pna dasu AgGeSe,
ZT~0,55 npn 923 K.

Y KonnenTpaniinomy terpaenpi Ag-Ga-
Ge-Se diryparusni Toukn cnomyk Ag,GaSe,
ta Ag . GeSe, 3HAXOATHCA B IUIOLIMHI KBagi-
notpiitHoi  cucremn Ag Se-GeSe,-Ga,Se,,
dopmyroun opun i3 ii mepepisip Ag ,GaSe -
Ag GeSe, (I) y Burnaji HemepepBHOTO pAmy
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TBepAux posumHiB [4,5]. Kpucramisanis
posmasis cucremu (I) Bifmosifae mepuiomy
tuny 3a Pozebomom. Konnenrpariitui smian
MiKpOTBEpAOCTi, TapaMeTpy I'paTku, 00’ eMy
e/leMeHTapHOI KOMipku TBepaux po3unHis (I)
MalTb BUIVIAJ CEPIAHTUHOIOAIOHUX Kpu-
BUX i3 HEBENMKUM, CIIOYATKYy HMO3UTUBHIUM,
a IOTiM HEraTMBHUM BiXVMJIEHHAM Bif mpa-
Buna Berappma. 3asHauyeHi BifgXmieHHA Bifo-
OpaxaroTb, BiporijHo, MeTacTabinbHMIL, 3a
TepMOAVHAMIYHMMY IPUYNHAMHA, CTaH TBEp-
nux posuuHiB (I) 3a Temmeparypm Bigmamy
T~700 K.

Meroto 11i€i po6OTH € eKcllepuMeHTaTbHe
BCTAHOBJICHHA TEPMOAVHAMIYHO CTabiTbHOrO
dasosoro ckmagy crmasis cucremn Ag,GaSe ~
Ag GeSe, 3a T<600 K, mocnimxenns ixnix ¢i-
3MKO-XiMiYHUX BHAACTUBOCTEN. IoCmimKeHHs
IPYHTYIOTbCSI Ha MopudikoBaHOMY MeTOxi
EPC i3 BukopuctaHHAM KaTioHiB cpibma Ag"
AK KaTajlizaropa nepeOynoBy MeTacTabimbHMX
crnasiB (1) y piBHOBa>kHMIT Habip das [6].

EKCIIEPMIMEHT I OBI'OBOPEHHA PE-
3YJIBTATIB. Jlna cuHTe3y 3pasKiB BUKOPUC-
TOByBanM XimiuHi enementu Ag, Ga, Ge, Se
9ucToT! >99,99 Mac. %.

Y Hammx [AOCTiPKEHHAX BCTAHOBIEHO
MOXX/IMBICTb JOMATV KiHETUYHI IEepPeIKOAN
nepebynoBi MeTacrabinbHoro Habopy ¢as
Cpi6/10BMiCHMX CIITaBiB, BUKOPJMCTOBYIOUM Ka-
TioHM cpibma Ag" AK Masli IEeHTpU 3apOfKeH-
HA piBHOBOXHMX as. [[1s1 1boro BUTOTOBIIA-
nmu enektpoximiuni komipkn (EXK), 6mmsbki
3a 6ygosoro 1o Tux EXK, siki BUKOpUCTOBYIOTH
3a Mmerony EPC s excieprMeHTanbHOTO BU-
3HA4YEeHHA BEe/IMYMH OCHOBHMX T€PMOJMHAMIY-
HMX QYHKIIi cpibnoBMicHuX cromyk. Bigmin-
HicTp y OypoBi morHO BurorosneHunx EXK
CTOCYeTbcsA (a30BOTO CK/IANy IO3UTUBHOTO
€/IeKTPOAY, KOTpUIL BUTOTOBJIA/IN SIK MeTacTa-
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6inbHY, mobpe IepeMimaHy fpibHOmMCIEPC-
Hy (~5-107 M) cymim cnonyk (Ag.GaSe),
Ta (AgGeSe) , ne x = 0,05 0,1; 0,2; ... 0,9.
Cnonykn Ag,GaSe, ta AgGeSe, orpumano
BaKYyMHUM II/IaB/IeHHAM pO3paXOBaHMX Ki/lb-
KOCTeil IpocTux pedoBuH. OX0N0mKeHNit 10
KIMHATHOI TeMIlepaTypu MaTepian jobpe me-
peTupanyu, BaKyyMyBalaM Ta TOMOTe€Hi3yBasu
npu 650 K Brpoposx 2 ni6.

CxeMaTuyHo IoiHO BurorosjgeHa EXK
Ma€ BUITIAL;

C|Ag|SE|R(Ag)[PE|C, ()

me C - inepTHMIT enekTpog (rpadir), Ag — -
Buil (HeratumBHUI) enekrpoxn, SE - TBeppo-
TimbHMIT Ag " — MpPOBiHNII €IeKTPOIT (CKIO
Ag GeS)), PE - npaBuit (MOSUTUBHMII) €1€KT-
pon, R(Ag') - vactuna PE, mo KoHTakrye 3
SE i € 06macTi0 MPOCTOPOBOTO MO3UTUBHOTO
3apAny 3 ioHiB Ag', O 3MICTUINCA 3 TiBOTO
€/IEKTPOJy Y BUIIAZIKy HEPIBHOBA)KHOI CyMillli
¢da3 PE. BeprukampHumm JiHIsIMM B TBEPJO-
TiIBHIN KoMipLi (A) mo3HayeHO ¢isMYHI KOH-
TaKTV Mi>K KOMIIOHEHTaMM.

KoncrpyktnBoo EXK - ne d¢ropommac-
TOBa OCHOBA 3 OTBOPOM JiaMeTpoM 2 MM, B
AKNUI CK/IaJiOBI KOMIpKM 3aIllpeCcOBYBa/lM IIifj
HaBaHTOXeHHAM 1,8-2,0 TOHHM [0 TI'yCTUHMU
p = (0,93+0,02)-p,, ie p, — eKCTIEpUMEHTATbHO
BU3HA4YeHa TYCTMHA JIMTKX CIUIaBiB. 3ibpanHy
KOMIpKY IOMiIlja/ii B KBapLoBy TPyOKYy 3 mat-
pyOKaMu I BXOZY Ta BUXOAY a3y aproHy.
Burpara aprony npu sumiproBansax EPC cra-
HoBIa 10 cm’xB™". IoTik Trasy cripAMoByBam
BiJI HEraTMBHOTO [0 IO3UTUBHOIO €/IE€KTPO-
my. 3aflaHe 3HAYEHHA TEMIIEPaTypy B KOMipIi
HiITPUMYBA/IN  €/IEKTPOHHUM TEPMOPETYIIA-
topoM. EPC xomipkn BusHawamm 1u¢ppoBUM
BOJIBTMETPOM 3i BXifHUM ortopoMm >10" Om.

IOudysia Ag* xpisb mexy SE 3 PE mae mic-

https://ucj.org.ua

1ie JIVIIe y BUITAJKy MeTacTabiTbHOTo Habopy
¢da3 PE, BupiBHIOIOUM B Takmit croci6 Bemn-
4)MHY XiMiYHOrO IOTeHIiany KaTioHiB cpi6-
na no powxuui EXK. Karionm cpibna, o
nepeimny Mexy SE 3 PE, nokanisyworbes y
By3bKill finanui PE - obmacts R(Ag'), He €
dasor, He B3aeMOit0Th 3i ckmagoBumu PE, a
BMKOHYIOTb POJIb MaJ/IMX LIEHTPiB 3apOJI>KEH-
HA piBHOBO)XHMX (a3. Y IbOMY NIPOSABIAETD-
cs1 IXHs poJib KaTajisaTopa mepeOymoBu Me-
TacTabiIbHOrO Habopy (a3 y piBHOBAKHMIL
Enextponeritpanbhicte R(Ag") 3abesmeuy-
I0Tb €JIEKTPOHM, 110 3MICTUINCA 3 KPallHbOL
npasoi yactuHu PE. € nmporHososaHo0 j10-
Kasli3allis eleKTPOHiB Ha 3B’A3y104nx opbira-
JISIX TPOMDKHUX MeTacTabiMbHUX 00’ €THAHb
aToMiB, 10 YTBOPIOIOThCA B R(Ag") mpn me-
pexoni 3 MeTacTabiIbHOTO 10 PIBHOBA>KHOTO
Habopy ¢a3. PopmyBaHHA PiIBHOBAXKHOTO
Habopy ¢as 3AiMICHIOETbCA HMUIAXOM AMUPY3ii
cknagoux PE i € dynkuiero Temmeparypn
Ta 4vacy. IIpocTopoBuii MOSUTUBHUIL 3apAL
i3 xarioHiB cpibna mpumBMUAIIYE picT piBHO-
BOXHUX CIIONYK, 3MEHIIYIOUM CUIN KY/IOHIB-
CbKOTO BIJIITOBXYBaHHA MIXX HETaTUBHUMMU
3apsAgaMy aTOMiB 3a IXHBOTO HaOJVDKeHHS.
3aBeplIeHHs Ipoliecy nepeOymoBM MeTacTa-
6inpHOTO HabOpY (a3 y piBHOBaXKHUII Habip
¢da3 B ob6macti R(Ag") BcTaHOBMIOIOTH 3a Bifi-
TBOpIOBaHicTIO 3anexHocteil EPC (E) komi-
POK Yy IIMK/IaX HarpiB — oxonomxeHHs. Ilicna
3aBepIleHHs CHHTe3y PiBHOBaXHOTO Habopy
¢da3 TepMopMHAMiyHi YMOBU iCHYBaHHS 00-
nmacti R(Ag") BincyrtHi. 3a mexammu R(Ag')
BUXIMHMIT MeTacTabinbHuil ckiaapn PE sannm-
IIAETHCA MPAKTMYHO HE3MiHHMM, BUKOHYIO-
4Jl POJIb €IeKTPOHHOTO MPOBiTHNMKA IIPU T10-
manbmyx BuMiproBanHax EPC.

Enextpuyni Ta iHTerpajabHi TepMOAMHA-
MivHi BractuBocTi cmonyku Ag GaGeSe
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JOCTIKEHO BMKOPMUCTAHHAM PiBHOBa)KHOTO
3a T<600 K mopomkomnopibHOro Matepiainy,
OTPUMAHOTO IepeOyfOoBOI0  KPUCTAIIYHOI
CTPYKTYpPM MeTacTabiIbHOIO CIUIaBY 3a3Ha-
YEHOTO CKJIajly IpU OXOJIO[KEHHi pO3IIaBy
eneMeHTiB. IlepeOynoBy 3pilicHeHO 3a y4acTi
ioniB Ag* B EXK crpykrypu:

C|Ag|SE | Ag_GaGeSe, |SE|Ag|C, (B)

IpUENHAHOI 10 JpKepena 3MIiHHOI Halpyru
vactoru 0,15 [Ty Bmpopmosx 12 f1i6 3a T=580 K
Ta 3HayeHHi cTpymy Ag" 0,5 MkA. OgHodas-
HICTh OTPMMAHOTO MaTepiany MiJTBEPIKEHO
MeTofioM X-IIpoMeHeBOro (a3oBOro aHasi-
3y Ha npuiaafii STOE STADI P, reometpisa Ha
npoxomkenns, Cu Ka,-BUIPOMiHIOBaHHS,
yBirayTuit moHoxpomatop Ge (111) Ha mep-
BMHHOMY ITpoMeHi, 20/w ckanyBanusA (puc. 1).
Bcranosneno, mo Ag _GaGeSe , kpucranisy-
€Tbcs B KyOiuHint cunronii (III' F43m) i3 ma-
pamerpoM rpatku a=11,0361 A.
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Pyc. 1. X-mpomeHeBa iudpakrorpama CromyKu
AgUGaGeSe12 . .

Fig. 1. X-ray diffraction pattern of the
Ag,.GaGeSe , compound.
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JocnmimKeHHA eleKTPONPOBITHOCTI CIIOMY-
ku Ag GaGeSe , 3fiiiCHEHO Ha TIOCTITHOMY
cTpyMmi BemmunHow 0,5 MKA, [BO30OHIOBUM
MeTofOoM. Benmumny iOHHOI CK/IafoBOi Hpo-
BiIHOCTI BM3HAUEHO IUIAXOM OJTOKYBaHHA
€/IEKTPOHHOI CTPYMOBOI Ta 30HJIOBOI CKJIa-
JIOBUX iOHHOI MeMOpaHOK y BUITIAMI CKIa
Ag GeS, [7].

1. Iapuianvhi mepmoouHamiuti 8enUUUHU
NoMeHYianeu3HaA4an 1020 KomnoHenmy (cpio-
n1a) ma $asosi pisHosazu 6 cnua6ax cucmemu
Ag,GaSe -Ag,GeSe,

Insa 10 EXK i3 piBHOBaXHUM (a3oBuUM
ckmagom PE, cdopmoBanum B obmacTsiax
R(Ag") Ta gBox EXK i3 PE comyx Ag GaSe,
Ta Ag GeSe, OTPUMAHO TeMIIEPATYpPHI 3a/Iex-
HocTi EPC B inTepBani 280-500 K. CninbHum
mis Beix E=f(T) EXK e icHyBaHHA KilbKOX
JHIHAX GUIAHOK, 11O Pi3HATHCA BeIMYMHA-
MU TeMIIepaTypHMX iHTepBasiB Ta (YyHKIIiO-
HanbHUMU 3anexHoctsamu EPC Big remnepa-
Typu. YacTuHy 3 HUX 300pakeHo Ha puc. 2, 3.
Ouckpernuit Bursy 3anexHocreit E=f(T)
EXK € HacnmifKoM pi3HOro 3allOBHEHH:A KaTi-
OHaMI KpucTanorpadiyHmMx IyCTOT e/leMeH-
TapHUX KOMIipOK Ta BiffoOpa’kae MPUXOBaHMIA,
3a KiHeTMYHVMM NpUYMHaMy, nonaimMopdism
opHOoa3HMX MarepianiB, cHOpPMOBaHUX Yy
pinsaHni R(AgY). [na xoxHoi 3 miniitHUX fAi-
NAHOK 3HAJJIEHO aHa/iTU4YHE PiBHAHHA TeM-
neparypaoi 3anexxHocti EPC EXK Tta po6y-
Tok E(T)-F=AG(T), ne F — uucno ®apapes,
AGI,(T) - pi‘BHHHH}I TeMIIepaTypHOI saex-
HOCTi TapljiaZTbHOTO BK/IaJly IOTEHIIialIBu-
3Havalo4yoro karioHa (cpibma) B iHTerpanbHe
3HaueHHs eHeprii [i66ca yTBOpeHHs i-TOrO
opHodasHoro ckiany PE, Tabm. 1.
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300
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230

= "

Ag,GaSe,
AgGeSe,

240

Puc. 2. Temneparypui sanexuocri E=f(T) EXK
i3 MOSUTUBHMMI eJIEKTPOJAMY CKIIafIiB:
1- (Ag9GaSe6)0)3(Ag8GeSe6)
3- (AgQGaSeé)0’7(AgBGeSeé)0’3

Fig. 2. Dependences EMF vs. temperature of
the electrochemical cells constituting positive elec-
trodes of compositions:
1 - (Ag,GaSe)), ,(Ag,GeSe )

1 1 I 250
400 500 600
T,K

300

2 - Ag _GaGeSe ,,

0,7

pounds.
2 - Ag .GaGeSe ,,

0.7

3- (AgQGaSe 6)0‘7(Ag8GeSe 6)0‘3‘

350

400

450
T,K

500 550

Puc. 3. Temneparypsi 3anexxnocti E=f(T) EXK
i3 mosutMBHMMM efleKTpofamu crionyk Ag GaSe,
Ta Ag GeSe,

Fig. 3. Temperature dependences of EMF vs.
temperature of the electrochemical cell with posi-
tive electrodes of the Ag GaSe_and Ag,GeSe, com-

Tabnuys 1
Tepmopguuamivuni BracTuBocTi a3 cuctemMn AggGaSe - AggGeSe .
Table 1
Thermodynamic properties phases of the Ag,GaSe ~Ag GeSe, system.
PiBHAHHA TeMIlepaTypHMX 3MiH NapLiaTbHUX €HEPTil —AfG° —AdH® TAgS®
[166ca noTeHia/BU3HAYAI0YOTO elleMeHTa (Cpibna) KIIK-MOTTD !

AG=—(19,98+0,05)—(15,78+0,14)-107T, 290<T<375 |24,48+0,15 |19,78+0,25 |4,70+0,28
o0 | AG==(21,1420,05)—(12,00+0,12)-10°T, 385<T<412 |24,720,17 |21,14£0,25 |3,58:0,24
h AG=—(17,34%0,03)—(21,04+0,06)-107T, 420<T<495 [23,61+0,16 |17,34%0,23 |6,27+0,32
AG=—(20,05%0,04)—(15,27+0,08)-107°T, 508<T<559 |24,60+0,15 [20,05£0,25 |4,55+0,37
AG=—(18,93%0,03)—(16,84+0,07)-107T, 284<T<380 [23,95+0,14 |18,93+0,24 |5,02+0,29
AG=—(18,16%0,05)—(18,60+0,13)-107°T, 385<T<410 |23,70+0,14 |18,16+0,23 |5,54+0,30
x=0,3 | AG=—(17,90+0,05)—(19,14+0,12)-103T, 415<T<450 |23,60£0,14 |17,90+0,22 |5,71%0,31
AG=—(18,40%0,11)—(18,06+0,23)-107T, 455<T<482 [23,77+0,14 |18,40+0,24 |5,38+0,30
AG=—(18,41%£0,06)—(18,04+0,11)-107T, 485<T<553 |23,78+0,14 |18,41+0,24 |5,38+0,30
AG=—(20,04%0,03)—(15,23+0,09)-107°T, 284<T<380 |24,58+0,15 [20,91£0,28 |4,54+0,37
AG=—(18,67%0,07)—(18,49+0,18)-107°T, 385<T<410 |24,18+0,15 |18,66%0,24 |5,51+0,30
x=0,5 | AG=—(19,20+0,08)—(16,87+0,18)-10°T, 415<T<450 |24,23+0,16 |19,20+0,25 |5,03£0,29
AG=—(17,42%0,06)—(20,85+0,12)-107T, 455<T<482 [23,63+0,14 |17,42+0,22 |6,22+0,35
AG=—(20,01£0,08)—(15,46+0,14)-107T, 485<T<553 |24,62+0,14 (20,01£0,26 |4,61+0,37
https://ucj.org.ua 29
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Tabnuus 1
Table 1
AG=—(19,51+0,02)—(15,56+0,04)-10"T, 284<T<380 |24,14+0,14 |19,51+0,26 |4,64%0,37
AG=—(18,12+0,05)—(18,95+0,13)-10°T, 385<T7<410 |23,76+0,15 |18,12+0,23 |5,65+0,31
x=0,7 | AG=—(17,92£0,08)—(19,34+0,19)-10°T, 415<T<450 |23,68+0,15 |17,92+0,23 |5,76+0,31
AG=—(19,1420,08)—(16,60£0,17)-10°T, 455<T<482 |24,09+0,15 |19,14%0,25 |4,95:+0,29
AG=—(19,00+0,07)—(16,85+0,14)-10°T, 485<T<553 |24,02+0,15 |19,00+0,25 |5,02+0,29
AG=—(19,41£0,03)—(17,84%0,09)-10°T, 289<T<318 |24,72+0,17 |19,40+0,27 |5,32+0,30
=1 AG:=—(21,7910,03)—(10,2610,09)-10‘3T, 385<T<416 |24,85+0,18 |21,79+0,32 |3,06+0,21
AG=—(17,19£0,03)—(11,20+0,06)-10°T, 420<T<510 |20,53%0,11 |17,99+0,23 |3,34+0,22
AG=—(20,09+0,04)—(15,60+0,08)-10°T, 510<T<562 |25,55+0,20 |20,90+0,30 |4,65+0,28
£,uB Ha puc. 4 306pakeHO KOHI[eHTPaLliiTHi 3Mi-
200 | HU BeH,I/I‘H/IH EP.C 12 EX6K i3 PE cucremu (I)
OAA IATH JOBUIBHO OOpaHMX TeMIIepaTyp
Rl //\\ -] x ] inteppany 280-500 K. IDmaBHmit Xim miHii
280 | nposefieHNX 4yepe3 Touky 3HaueHb EPC EXK
for BB //\ | inTepBanax 0<x<0,15 ra 0,83<x<1 BM3Ha-
4 3 yae MeXi TBepAMX PO3YMHIB Ha OCHOBI CIIONYK
270 wu | ° 4 Ag(GaSe ta AgGeSe;, BiAmnoBifHO. 3’epHy-
\ a A v 5 BasbHi /MiHil TOYOK B iHTepBa 0,25<x<0,73
6 CKIAaJaloTbCsA 3 IBOX YacTUH, 1O NepeTHHa-
260 5\l ° I0TbCA B TO4Li MakcumyMmy 3a x=0,5. Ile cBin-
4ynTh 1po yrBopeHHs: B (I) 3a T<600 K teTpap-
250 ’\ //\\ Hoi cronmykn Ag _GaGeSe, i3 mupokow 06-
JIACTIO TOMOT€HHOCTI. 31 3HVKEHHAM TeMIlepa-
TYPY JOTUYHI O 3’ €{HYBa/IbHVX JIiHill B TOYIIi
Ag,GaSe; X Ag;GeSe,

Puc. 4. Konuentpaniitii 3minnm EPC EXK
C| Ag| SE | (Ag,GaSe,),  (AgGeSe) |C,x=0
0,05; 0,1; ... 1,0 cucremu AggGaSe6 - AgSGeSe6 3
OflHO(A3HUM CK/IAJIOM IIO3UTUBHUX €IeKTPOJiB
3a T=const ((I) - 298 K, (2) - 341 K, (3) - 395 K,
(4) - 445 K, (5) - 495 K) inrepBany 280-500 K,
(6) — nBO(asHi inaHKM

Fig. 4. Concentration dependences of EMF of
the electrochemical cells C | Ag | SE | (Ag,GaSe,),
(Ag,GeSe), | C, x = 0; 0.05; 0.1; ... 1.0 of the
Ag,GaSe, - Ag GeSe, system with single-phase
composition of electrodes at T=const ((1) — 298 K,
(2) - 341 K, (3) - 395 K, (4) — 445 K, (5) - 495 K)
of the range 280-500 K, (6) — two-phase regions.

30

x=0,5 mepeTMHAIOTbCA Iifi MEHIINM KYTOM.
Taka 3aKOHOMIpHICTb € pe3y/lIbTaTOM 3MiH y
PO3MillleHH] KaTiOHIB y IIyCTOTaX elleMeHTap-
HOI KOMIPKM CIIOYKM BiJl CTAaTUCTUYHOIO JO
YIOPAAKOBAHOTO. PO3SpUB pO3UYMHHOCTI MiX
TBEPAVIMM PO3YMHAMM Ha OCHOBi TepHap-
HJIX Ta TeTPapHOI CIONyK (gBodasHi crasu)
OXOII/II0€, OLIiHOYHO, iHTepBa/n 0,15<x<0,25
Ta 0,73<x<0,77.

TakuM uMHOM, piBHOBaXHUI T-Xx MPOCTip
cucremn Ag,GaSe — Ag GeSe, 3a T<600 K xa-
PaKTepU3yeTbCsA TETPAPHOIO CHOMYKOK (op-
mynbHoro cknany Ag . GaGeSe , TBepaumu
pO34MHaMM Ha ii 0CHOBI B Mexkax 0,25<x<0,73,
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TBEPAMMM PpO3YMHAMM Ha OCHOBi TepHap-
Hnx crnonyk (Ag,GaSe,), ~nana 0<x<0,15 Ta
(Ag,GeSe,) pna 0,83<x<1, gBoma aBOdas-
HUMMI [JiNAHKaMM, OLIHOYHO, B IHTepBajlax
0,15<x<0,25 ta 0,73<x<0,77.

2. Tepmodunamiuni 61acmueocmi cnonyku
Ag, GaGeSe ,

Cucremu  Ag.GeSe -Se, Ag,GaSe-Se,
AgGaSe,-Se ta Ag GeSe -AgGaSe, € kBasi-
OiHapHi i B KOHIJeHTpaLlilIHOMY IIPOCTOPi
cucteMmn Ag-Ga-Ge-Se yTBOpHOIOTH MeTa-
crabinbHy 3a T<600 K xBasiterpaphy cuc-
Temy Ag.GeSe ~AgGaSe,-Se-Ag GaSe, (I),

Ge

PiBHAHHA TemneparypHoi 3anexxHocTi EPC
peaxuii (R1) mae Burmaz:

E/MB= (276,78+0,39)+(162,72+0,86)-10°T/K.

(1)

Eneprito [i66ca, eHTa/nbIlii0 Ta €HTPOII0
peakuii (R1) pospaxoBysanu 3a popmymamn:

AG=—-z-F-E, (2)

AH=—z-F-[E—(dE/dT)-T], (3)

AS =z-F-(dE/dT), (4)

https://ucj.org.ua

puc. 5. PiBHoBaxkHa 3a T<600 K ginsuxka (II)
OIMUTbCA IUIOIIMHOK KBa3IMOTPIMHOI CHUC-
temn Ag _GaGeSe -AgGaSe,-Se (III) Ha
mei  wactuam:  Ag GaGeSe -AgGaSe ~Se-
Ag GeSe, (IV) ta Ag _GaGeSe ,-AgGaSe, -
Se-Ag GaSe . IIpocropose nonoxennsa (IV)
BiJJHOCHO TOYKM Ag BUKOPVCTAHO IJIA 3 ACY-
BaHHA pIiBHAHHA CyMapHOI IIOTEHIjia/IBU3HA-
Yal4ol peaKIii:

8Ag + Ag,GeSe +4Se + AgGaSe, =

= Ag_GaGeSe, (RI)

yTBOpeHH: TeTpapHoi ¢asu B R(Ag") minanui
PE EXK B inTepBai 415-450 K.

Puc. 5. ®a3oBi piBHOBaru cuctemn Ag-Ga-Ge-
Se B wactuni Ag GeSe ~Ag ,GaSe ~Se-AgGaSe, 3a
T<600 K: I - ninii gBodasHnx piBHOBAT, 2 — CKIa
nosuTuBHOro enexkrpopy EXK

Fig. 5. Phase equilibria of the Ag-Ga-Ge-Se sys-
tem in the Ag,GeSe -Ag,GaSe -Se-AgGaSe, part at
T<600 K: I is lines of two-phase equilibria, 2 is the
composition of the positive electrode of the electro-
chemical cell.

e Z = 8 — YNUCIO0 eNeKTPOHiB, 10 6epyTb
yuactb y peakuii (R1), F - uncno ®apapes, E -
EPC xomipku.

BpaxoByloun piBHAHHA (2)-(4), 3HaUeHHS
CTaH/IapPTHYX TEPMOAVHAMIYHNX QYHKIi pe-
akuii (R1) y craugaprHomy crani (T=298 K Ta
p=10°I1a) MarTh BUITIAL:

A.G° = —(251,1 £ 0,6) x[I>x-Momb ',

A H® = —(213,6 £ 1,6) x[Ix-Momb ' Ta

A.S° = (125,6 + 3,4) Ix-(Momb-K) .
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Eneprisn [i66ca, eHTanbIliss Ta EHTPOIis
peaxuii (R1) mos’s3ani 3 enepriero [166ca, eH-

TAJIbIIIEI0 Ta €HTPOIIEI0 CIONYK Ta MPOCTUX
pedoBuH Ag i Se CIiBBiTHONIEHHAMM:

o __ o o o
ArG - AfGAg17GaGeSelz - AfGAggGeSe,s - AfGAgGaSeza (5)
AH® = A¢Hp — A¢Hy — A¢Hy (6)

r — Bfl1Ag,,GaGeSeq, fH1AggGeSeg f'1AgGaSe;>

o _ co o o o) o

ArS - SAg17GaGeSe12 - 8SAg - SAggGeSe6 - 4'SSe - SAgGaSez' (7)

I3 piBHsaHD (5)-(7) oTpuMaemMo:

AfGXgUGaGeSelZ = AfGngGeS% + AfGXgGaSeZ + ArGO’ (8)
AfHXgUGaGeSelZ = AfHngGeS% + AfHXgGaSez +AH®, )
SXg”GaGeSelz = 85'Aog + SAoggGeSeG + 4S§e + SXgGaSez + ArSO- (10)

Bpaxosytoun (8)-(10), maHi mpo Tepmopnu-
HaMi4Hi BIacTMBOCTI eneMeHTiB Ag, Ga, Ge, Se
Ta cionyk Ag GeSe, Ta AgGaSe, [8], pospaxo-

BAaHO 3HAUeHHsS TEPMOAMHAMIUYHUX (PYHKIil
TeTpapHoi cionykn Ag GaGeSe ,. Orpumani
3HAYEHHS HaBeIeHOo B Ta0l. 2.

Tabnuuys 2
CraHpapTHI TepMOAMHAMIYHI BTacTUBOCTI cnonyk cuctemu Ag-Ga-Ge-Se 3a T=298 K
Standard thermodynamic properties of selected compounds Table 2
of the Ag-Ga-Ge-Se system at. T=298 K.
—A¢G° —A¢H® S°
Dasa Jliteparypa
k/[>x-Momb 7! Ix-(monp-K) 1
Ag 0 0 42,677 (8]
Ga 0 0 40,828 (8]
Ge 0 0 31,087 (8]
Se 0 0 42,258 (8]
Ag GeSe, 288,0+2,3 255,0+2,8 734,6 + 30,4 [9]
AgGaSe, 237,0+3,4 239,4+5,6 159,6 + 11,2 (9]
Ag GaGeSe , 776,1 6,3 708,8 10,0 1530,2 + 44,9 Hami gani
Bpaxosyroun orpumani pani, 3anex- Ag. GaGeSe, y TemmeparypHOMy iHTepBaii

HicTp eHeprii [i66ca yrtBopenns cromyku 415-450 K ommcye piBHAHHS:

A¢Gag,,GaGese,,/ (Kx-Monbp~1) = —(708,8 + 10,0) — (225,7 £ 1,9) - 1073T /K. (11)
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3. Enexmponposionicme Ag,_GaGeSe,, o Kpucramiyna crpykrypa Ag GaGeSe

3HayeHHA TeMIEPATYPHUX 3a/leXHOCTel 3asHae 3MiH npu 330 ta 349 K. Pospaxosani
3arajabHOI (Gm) e/IeKTPOBITHOCTI Ta YKCes Ie- 3HaueHHs eHepril aktuBarii (AW) nposigHoc-
peHeceHHs B inTepBai 290-380 K 306pakxeHo Ti 1o kaTioHaM cpi6na B TeMIepaTypHMX iH-
Ha puc. 6. TemnepaTypHy 3anexxHicTb ioHHOI TepBanax 298-330 K, 330-349 K ta 352-379 K
(O‘i) HIpOBigHOCTI B HamiBnorapudmivHmx ko- crtaHoBATh 0,251 eB; 0,175 eB ta 0,252 eB,
OpZAMHATaX HaBeJeHo Ha puc. 7. 3 puc. 7 ciifiye,  BifNOBifHO.

0,95
0,90+
10,12
0,85
0,80 =
10,08 % ) )
=075} <} Puc. 6. Temmneparypni 3ame>XHOCTI
6  uncen mnepeHeceHHs (I) Ta NUTOMOI
0,70 3araspHOI  mpoBigHOCTi  (2)  3paska
S Ag _GaGeSe
0’65 L 17 X 12
Fig. 6. The temperature dependences
0,60} of transfer numbers (I) and total speci-
1 L 1 1 L 0,00 H 3
S 50 B S 5 fic conductivity (2) of the Ag_GaGeSe,,
7K sample.
T,K
380 360 340 320 300
35
AW=0,252 ¢B
30F
AW=0,175eB

AW=0,251 eB Puc. 7. Hanisnorapudmivna 3amex-

HicTb ioHHOI (Ag") mpoBifHOCTI clIONMYKN

In(c T [K/(Om*m)])

20 Ag GaGeSe,, ax ¢yHKuia o6epHeHOI
TeMIIepaTypu
154 . Fig. 7. Semi-logarithmic depen-
. . . . dence of ionic (Ag') conductivity of the
2,6 2.8 3,0 32 34 Ag GaGeSe , compound as a function of
10°/T, 1/K inverse temperature.
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Judpaxrorpama piBHOBa>KHOTO CIIIaBY €KBi-
MOJIAPHOI cyminmi conmyk Ag GaSe, Ta Ag GeSe,
(puc. 1), uncnosi snavenns o, =f(T), o=T)
Ta 3HAYCHHs Y¥ICe/l IIePeHEeCeHHA AK QYHKIIiA
Temreparypu xapakrepusyiorb Ag GaGeSe
AK HOBY CyIiepioHHY ¢asy.

BMCHOBKJI. PiBHOBa>kHMIT T-x IpOCTIp
cuctemu Ag GaSe ~Ag GeSe, 3a T<600 K
XapaKTepU3YeTbCsA  TETPAPHOI  CIIOMYKOO
Ag GaGeSe , (I) i3 mmpoKoo 06macTio ToMo-
T€HHOCTi B MeXax 25-75 Mom.% TepHapHMX
¢das. dasa (I) xpucranisyerbcsi B KyOiuniit
cunrowii (III' F43m) i3 mapameTpom IpaTKn
a=11,0361 A. TerpapHiit crionyti Ta TBepyroMy
PO34MHY Ha Il OCHOBI B/TaCTMBMII NOMIMOPPi3M,
OB sI3aHMIA 3 PI3HMM 3aLIOBHEHHSIM KaTiOHAMM
KpucTajorpaiuHNX IyCTOT IPaTKM B TeMIIe-
parypHux inTepBamax 284-380 K, 385-410 K,
415-450 K, 455-482 K Ta 485-553 K. Ha mno-
CTITHOMY CTPyMi JIBO3OH[IOBMM METOMIOM [O-
CTIPKEHO eeKTpo- Ta MaconepeHeceHH: B (I)
y TemrneparypHoMmy inTepani 290-380 K. 3na-
YeHHs 4JCeN TepeHeCeHHA € (QYHKIIEn TeM-
neparypu i smiHoerbcA Biff ~0,92 3a T=290 K
no ~0,67 3a T=380 K. Exepris akTuBa1ii ioHHO]
(Ag') npoBiKHOCTI B TeMIIepaTypHMX iHTepBa-
nax 298-330 K, 330-349 K ta 352-379 K crano-
Butb 0,251 eB; 0,175 eB Ta 0,252 eB, Binmosin-
Ho. [l (I) pospaxoBaHO 3HaY€HHS OCHOBHUX
TepMOAVHAMIYHNX (YHKIII B CTaHAAPTHOMY
crani: AfG° = —(774,1 + 6,3) x[Ix-Monb 7,
AfH® = —(708,8 £ 10,0) k/x-Momp ~' Ta
S° = (1530,2 + 44,9) Ix-(monp-K) L.

[Tonimop¢isM BCTaHOB/IEHO TAKOXX Y PiBHO-
Ba)XHMX TepHaphux dasax Ag GaSe, (II) Ta
Ag,GeSe, (III). Kpucraniuna crpykrypa (II)
ta (III) € pi3HOIO B TeMnepaTypHMX iHTepBa-
max 290-375 K, 385-412 K, 420-495 K, 508-
559 K Ta 289-318 K, 385-416 K, 420-510 K,
510-562 K, BignmoBigHO.

34

E Po6oTy BUKOHAaHO B MeXax Jiep>k01o-
f mKkeTHnx TeM: “HaykoBi Ta ekcrepu-

MEHTa/lIbHi OCHOBU BHIOTOB/ICHH:
KOMIIO3UTHUX OKCUIHNX, Xa/IbKOTE€HiTHMX
MarepianiB i3 IPOTOHIOBAHMM PeCypcoM
excroryaranii’ (Ne pmepkaBHOI peecTpanii
0121U109620) ta “Cunres, ¢pisuko-ximiuHi
Ta TePMOAMHAMI4YHi B/IACTMBOCTi HAHOPO3-
MipHMX Ta HAHOCTPYKTYPOBAaHHMX Marepi-
aNiB s eneKTpoxiMiuHuXx cuctem” (N mep-
’KaBHOI peectpanii 0120U102184).

THERMODYNAMICALLY STABLE PHASES OF

THE Ag,GaSe, - Ag,GeSe, SYSTEM AT T<600 K
AND THEIR PHYSICO-CHEMICAL PROPERTIES

M.V. Moroz"", P.Yu. Demchenko?,
M.V. Prokhorenko?, L.V. Soliak’,
S.V. Prokhorenko?, O.V. Reshetnyak?

! National University of Water and Environ-
mental Engineering, Rivne, 33028, Ukraine
?Ivan Franko National University of Lviv, Lviv,
79005, Ukraine

? Lviv Polytechnic National University,
Lviv,79013, Ukraine

‘e-mail: m.v.moroz@nuwm.edu.ua

The synthesis of thermodynamically stable
phases of the Ag,GaSe —~Ag GeSe, (I) system at
T<600 K were performed in the electrochemical
cells (ECCs): (—) C | Ag | SE | R(Ag") | PE | C
(+), where Cis graphite, Ag is the left (negative)
electrode, SE is the purely Ag* ion conducting
solid electrolyte (Ag,GeS,-glass), PE is the right
(positive) electrode, and R(Ag") is the region
of PE that contact with SE. PEs of ECCs were
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prepared from finely ground non-equilibrium
mixtures of the compounds (Ag,GaSe,), and
(Ag,GeSe ) , x=0.05, 0.1, 0.2, ... , 0.9. Shifted
from the left electrode to the R(Ag") region for
thermodynamic reasons Ag* ions acted as the
nucleation centers for the equilibrium phases
of the x compositions, that is as the catalysts
for reconstruction of the metastable mixtures
of ternary compounds.

The reproducibility of the EMF vs T de-
pendences in the heating-cooling cycles is a
result of the completion of reconstruction in
the R(Ag") region. Experimental dependenc-
es EMF vs T of ECCs with PE of mixtures of
compounds indicated x, ECCs with PE of the
Ag,GaSe, and Ag GeSe, compounds are charac-
terized by several discrete linear regions with
different temperature intervals and functional
dependences on temperature. The equations
of the temperature dependences of the par-
tial Gibbs energies of Ag-component in alloys
for each discrete section of the specific x=0,
0.3, 0.5, 0.7, 1.0 were established for the first
time and values of the standard partial func-
tions A¢G°, A¢H®, and TAS° were calculated.
The bypass lines drawn through the points of
EMEF values of the cells at T=const for arbitrar-
ily selected temperatures 298 K, 341 K, 395 K,
445 K, and 495 K in the range 280-500 K de-
termine the phase composition of the equilib-
rium T-x space of (I) as: a solid solution based
on compound Ag GaGeSe , in the range of
0.25<x<0.75, solid solutions based on the
compounds (Ag,GaSe ), for 0<x<0.15 and
(Ag,GeSe ) for 0.83<x<1, and two two-
phase sections in the ranges 0.15<x<0.25 and
0.73<x<0.77. Some parameters of the crystal
structure, the values of the total and ionic com-
ponents of conductivity, the transfer numbers
in the range of 290-380 K, and the integral va-
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lues of the standard thermodynamic functions
of the Ag_GaGeSe, compound were estab-
lished for the first time.

Keywords: Ag-containing compounds,
Thermodynamic properties, Phase equilibria,
Metastable state, EMF method.
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COPBEHTU HA OCHOBI HEKAPBOHI30BAHOI POC/TMHHOI CUPOBUHN

€. O. Konomieup*, IO. C. [I3a3vK0

Incmumym 3azanvroi ma Heopeaniunoi ximii im. B. I. Bepnaocvkoeo HAH Ykpainu
*e-mail: kolomiyetsy@gmail.com

[IpoBeneHo niTepaTypHMIl aHAMI3 JKepes, ¥ AKX OIMCAHO HeKapOOHi30BaHi poC/IMHHI
Marepiamu (30KpeMa, LIe/IF0/103y 3 Pi3HUX POCAVH Ta ii MOXifHI) AK COpOEHTN Ha TOKCUYHI
iionn (Cr’*, Cd?*', Cu?', Pb**, Ni** Tommo) Ta opraHiyHi cronxyku, B ToMy 4ucii HadTompo-
nykTu. [lepeBara pocnHHOI HekapOOHiI30BaHOI CMPOBMHY Ta COPOLITHNX MaTepiais Ha ii
OCHOBI — IIe JIETKiCTh OTPMMAaHHSA 3 [elIeBUX Ta JOCTYIHNUX POCIMHHNX MaTepiamiB (4acTo 3
CI/IbCBKOTOCITONAPCHKYX BiIXOIIB), IIPY 1IbOMY IOIIMHYTi HAQTOPOZYKTY MOXKHA BiloKpe-
MUTH BiJj TAKMX COPOEHTIB IpeCyBaHHAM, a COPOEHTI BUKOpMUCTATy OBTOpHO. Hemonikom
€ pi3HMII CK/Iafl, 3a/IeKHO BiJl perioHy 3pOoCTaHHA. BUKOpUCTaHHA HEJOPOTMX MaTepiaiiB AK
MaTpulLi A1 KOMIIO3UIITHOTO COPOEHTY [J03BOJIsIE LIMPOKO BUKOPUCTOBYBATY TaKWil Ma-
Tepiasl I JOOUMIeHHA Ta/abo AK OCHOBHUII METOJ| OUYMIIEeHHS BOJAHUX PO3YMHIB I HO-
Tpeb crioxmBaviB. 30kpeMa, IpOaHa/Ii30BaHO JOlaBaHHA HEOPTaHIYHMX ApiOHOAVCIIEpCHUX
CronyK (30kpema, OKCUpiB rpadeHy) Ta opraHiyHMX MoguQikaTopiB O HeKapbOHi30BaHOI
pocnuHHOL cupoByHM it PyHKIioOHai3a1l il moBepXHi.

MonndikyBaHHs oBepxHi Hajjlae COPOEHTY TifipodoOHNX BlIacTUBOCTelT Ta/ab0 IpU3BO-
IUTH 10 OTPUMAaHHA KOMIIO3ULIITHOIO cop6eHTy, 110 Ma€ BUIIY cop6uir71Hy €MHICTD (110-
piBHAHO 3 HeMoaM}iKOBaHMMY COpOEHTaMM) BiJHOCHO IIi/IbOBYX 3a0PyIHIOIOYNX PEYOBVH.
Y poni MogndikaTopiB aBTOPY JOCIIKEHD IIPOIIOHYIOTh BUKOPUCTOBYBATH >KVMPHI KUCTIOTY,
OKCH/J IVMHKY, IOICM/IOKCAaH!, TPYMETIW/IAMiH Ta iHIIi CIIONyKu. TaKoXX pO3IIAHYTO BIUIUB
HOPKCTOI CTPYKTYPU LIe/MI0NI03M Ha ii BTACTMBOCTI SK €/IeMeHTa KOMIIO3ULINTHOrO cOpOeH-
Ty. HasBHicTh QyHKIIIOHAIPHUX TPYHI Y POCIMHHUX MaTepiajax, 30KkpeMa y biomomiMepax,
JO3BOJIAE 3aCTOCOBYBATH iX AK JIeLIEBi aHiOHOOOMiHHUMKY. [I/14 36i/1bIIIeHHA KiIbKOCTI i0HO-
OOMIHHVIX I'PYI aBTOPY JOCTIKEHD IIPOIIOHYIOTh QYHKIIIOHAIi3yBaT! IIOBEPXHIO, IO IIPH-
3BOZIUTD [0 30i/bIIEHHS KiNIbKOCTi, HAIPMK/IAZI, CyIbQOrpyI, IO B CBOI 4Yepry 30i1bInye
ioHOOOMiHHY €EMHICTb TaKOTO iOHOOOMIHHOTO MaTepiaay 4y KOMIIO3UTY Ha JIOTO OCHOBI.

I[Tpu 3actocyBanHi MopndikoBaHuX rifpodobHMX 6iocopOeHTiB 1 BUaneHHs HapTH i
HaTONMPOAYKTIB i3 BOZHUX [IOBEPXOHb € MOXX/IMBOIO pPereHepaliisi COpOeHTIiB MeXaHIYHUM
IIJIIXOM, TO6TO 6e3peareHTHNM crioco6oM. Lle Hatae MOXX/TMBICTh 6araTOpasoBOro BUKOPU-
cTaHH: 610COpOEHTIB 3 OJHIET CTOPOHN, Ta IKOMOTA IIOBHOTO BU/IYYEHHs LIIHHUX IPOJYK-
TiB — cOpOOBaHMX BYITICBOJHIB.

KnrouoBi cnoBa: HekapOOHi30BaHMII POCIVHHMII Marepian, cOpOIis, HAHOYACTUHKY,
KOMITO3UL[i/THUI COPOEHT.
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BCTYII. Haitbinbm po3nOBCIOIKEHUM
CII0cOOOM OUMILEHHS CTOKIB KOMYHA/IbHUX T
IIPOMJC/IOBYX ITiITPUEMCTB Bifl 3a0pyTHEHD €
6ionoriyHMIT METOf, 3 BUKOPUCTAHHAM aKTUB-
Horo myny [1]. [Tpore HajtmpocrTimi: rpubk,
BOZIOPOCTi TOIIO, AKi MiCTATHCA Y MYIIi, € JiyKe
YYTAUMBMMM [O HAABHOCTI Y BOJii PEYOBMH,
AKI CIIpUAIOTH IXHBOMY HEKOHTPOJIbOBAHOMY
PO3MHOXXEHHIO, 200 TOKCMYHMUX CIONMYK, fAKi €
WIKiJIMBYMU /1A HUX. Y TIEpIIOMY BUIIAZKY
nocrae mpobseMa yTwrisalii HaJJIMIIKY aK-
TUBHOI'O MYIIY, a Y APYTOMY — JIOr0 JerpajaLil.
CaMme ToMy 3a HasABHOCTI y BOJli pe4OBUH, fKi
HETaTMBHMM 4YMHOM BIUIMBAIOTh Ha MY/, JO-
LI/IbHUM € 3aCTOCYBaHHA METOJIB PO3Ji/leH-
Hf, HallOi/IbII PO3MOBCIOKEHUMU 3 SAKUX €:
ximiuHe ocapkeHHs [2, 3], memOpanna ¢inp-
Tpariii [4, 5], ioHHUI 06MiH Ta afgcop6is [6, 7],
KOATy/IALA 3 IOfAJIBIIOI0 aficOPOIIiel0 iIOHHUX
Ta MOJIEKY/IAPHMX KOMIIOHEHTIB Ha CKOary-
JIbOBAHIX YaCTUHKaX [8, 9].

3a BMHATKOM KOAry/Alii, AKa IOB’A3aHa 3
BUKOPMCTAHHAM 3HAYHOI KiJIbKOCTi peareHTiB
Ta IXHPOI HE3BOPOTHOKI BTPATOI, BKa3aHi
METOJM 3aCTOCOBYIOTH 3[1e0i/IbIIOTO IJIs 04n-
I[eHHS BiJHOCHO HeBeMMKMX 00’€MiB BOAML.
XiMiuHe OcCa/PKeHHH, fKe y 6araTboX BUIIAN-
Kax MOTpeOye arpecUBHUX peareHTiB, MoOXe
OyTH 3aCTOCOBAaHVMM He /IS BCiX PeYOBMH i
He 3a0e3ledyye 3HIDKEHHs BMICTy Hebaxa-
HIX KOMIIOHEHTIB [JO TPAaHMYHO JOIYCTUMOL
KOHLleHTpaljil. [[nsa MemOpanHOi ¢inbrpanii,
0COOIMBO 3a BEIMKUX TUCKIB, HEOOXITHUMU €
KOLITOBHi MaTepianyu Ta o6/ajHaHHS.

BupanenHs He6aXaHMX KOMIIOHEHTIB 3
BOJM MeTOJaMM aficopOIii Ta iOHHOTO 0OMi-
HY IIOB’5I3aHO 3 BUKOPVUCTAHHIM afcopOLiil-
HUX MaTepiaiB, K IPaBUIO, CUHTETUYHNX 1
moctaTHbo KomToBHUX. Cepef moniMepHUX
COpOEHTIB HaMIIOMMpEHINMU € i0HO000-

38

MiHHI cMomu, a cepeq HeopraHiuHux — ¢oc-
daty Ta okcuay 6araToBaJeHTHUX MeETAIiB,
a TAaKOXX aKTMBOBaHe BYTi/A. [Ina HaflaHHA
copOeHTaM IIeBHMX BJIaCTMBOCTeNl abo mid
IIOCUJIEHHA B)X€ HAasABHUX BMKOPUCTOBYIOTH
OPTaHO-HEOPraHiyHi Marepiann: JO MOBEPX-
Hi HeOpraHiYHMX COpOEHTIB NPUBUBAIOTH
¢dyHukuionansHi rpynu [10], orpumyoTh Ma-
Tepianu tumy Axppo — obononka [11] Ta op-
raHo-HeopraHiuyHi nonimepn [12], me Heopra-
HiyHi pparmeHTN BOyAOBaHI JO OCHOBHOTO
MaHora abo mpuiienseHi 10 Hboro. [HIMM
Hi/IXOJIOM € BBE[IEHH JI0 IIOIepeTHbO chop-
MOBaHOI IIOJIiIMEPHOI MaTpMUIli YaCTUHOK He-
OPraHiYHOIO IOHITY — fAK IIpaBUIO, B POIi
MaTpulli BUKOPUCTOBYIOTb KOMEPILiliHi i0HO-
o6MinHi cmomu [13—17] (aHanmoriyHmit migxisn
3aCTOCOBYIOTb 11 I/I1 MeMOpPaH, IpU3HAYEHNX
1715 enekTpo- [18] Ta 6apomembpanHoro [19]
po3pineHHs). 3aCTOCOBYIOTb TaKOXX Heopra-
HivHi Kommo3utu [20-22], 30kpema i Taxi,
AKI MICTATH HOBIiTHI ByI/elieBi HaHOMaTepia-
mm [21, 22].

Metopmu agmcop6buii Ta ioHHOro 06MiHY
MOYKHa aJlaliTyBaTM ¥ [0 BEIMKUX 00’€MiB
BOJI, 1110 HOTpebye ounieHHs1. [11s1 11poro fo-
L[I/TbHO BUKOPUCTOBYBATH JOCTYIIHI Ta ellIeBi
“low cost” matepianu, cepen SIKMX 0COOMUBE
Miclie 3a/IMalOTh POCVHHI BiIXOAM CiIbCHKO-
TOCIIOfJAPChKOTO BUPOOHUIITBA, OCHOBY SIKMX
CTaHOBUTD ILiemono3a [23, 24]. Ixua nepesara
IIOJIATAE He JIMIIE y JIENIeBU3HI Ta JOCTYIIHO-
CTi, ajie 11 y MOXX/IMBOCTI BUKOPUCTAHHA IX 32
MiHIMaJIPHOTO IOTIepeHbOr0 06pOOIeHHS,
mo He nepenbadae kapOoHisaljito, fka, 3a-
3BMYail, HOTpebye BICOKOTEMIIEPATYPHOIO
TepMooOpobeHHs [25] abo 3acTocyBaHHSA
arpecUBHUX peareHTiB [26]. [l nokpaiieHHs
COPOLiIHNX BIACTMBOCTEN LIE/TI0JI03Y MOJM-
¢GiKyOTh piSHMMY HAaIIOBHIOBAaYaMI.
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MeTa 11b0T0 OI71A/ly — BCTAHOBJIEHHSA BIIN-
BY XiMiuHOrO 06p0O6/IeHHA Ta MOV (DiKyBaHHA
Ha QYHKIiOHaJbHI B/IACTMBOCTI HeKkapOOHi-
30BaHMX COPOEHTIB, OTPUMAHMX 3 POCTMHHOI
CUPOBVHIL.

Lentono3a pocnunHo20 NOX00HEHHS

Llemono3dy 6yno BigKpuTO AHCEIBMOM
[Taitenom y 1838 poui. Bin Bnepiie Bupjinus
I[I0 PEYOBUHY 3 JEPEBMHM Ta BCTAaHOBUB II
ximiuny ¢opmyny (C.H, O, )n. Ilemonosa e
OCHOBHOIO CK/Ia/I0OBOIO K/IITMHHUX CTiHOK pOC-
JMH — caMe LA pedyoBMHA 3abesledye IXHIO

JInd pOCIMHHOI 1e/TI0N03M IpUTaMaHHa
iepapxiuna 6ymosa (puc. 2 [29]). Makpomo-
JIEKyM YTBOPIOIOTb MiKpodibpmmm, pgiamerp
AKNX cTaHoBUTh 3—10 HM, a OOBXMHA —
50—60 1M i 6inbIe. Bonn sBIAI0TH CO60IO Na-
pakpucTaniyHi aHcamOsi 3 KiIbKOX OKpeMMx
MaKpOMOJIeKy/ (6713bKo 36 y CYyIMHHUX POC-
nuH) [28]), aki moB’sa3ani Mi>K co0010 BOIHE-

https://ucj.org.ua

MexaHiyHy MinHicTe. Leit 6iomonimep ckia-
MA€ETHCA 3 MiHINHUX TAHIIIOTIB Bifl KiTbKOX CO-
TeHb 10 6araTboX THUCAY TAHLIOTiB D-1/1I0K031,
AKi 1o 4epsi obepraroThbes [27-30] (puc. 2).
3’enHaHHA (PparMeHTIB IIIOKO3U 3abe3ledye
B(1—4)-rniko3upuuit 38’sa30k. lle BifmpisHse
11107103y Bij iHIINMX 6ionmomiMepiB, TaKuX sK
KpOXMasb IJIKOIeH, A AKUX INpUTaMaHHI
a(l — 4)-rnikosupHi 38’a3ku. Ha Bigminy Big
IHIMX ToIicaXapujiB, MaKPOMOJIEKY/IN AKUX
CKpy4eHi, KoH(pOopMaIjil MaKpOMOJIEKYII Lie/TI0-
JIO3U € TIEPEBAYKHO BUJIOBXEHVMIL.

Puc. 1. ®parmenTn, AKi IOBTOPIOIOTbCA B
MaKpOMOJIEKYJIi LIe/TI0/I031 Y3IOBXK oceii ¢ (a), a Ta
b (6) [30]. BinTBOpeHO 3a 03BO/IOM BU/JaBHUIITBA
Springer.

Fig. 1. Fragments that repeat in the cellulose
macromolecule along the ¢ (a), a, and b (b) axes
[30]. Reproduced with permission from Springer.

BMMM 3B s13KaMM Ta cuamu BaH jiep Baanbca.
Hiametp mikpodi6bpun ctanoBuTh 30—150 HM.
Mikpo¢ibpunu yTBOpIOIOTE Makpodibpuy,
IiaMeTp AKNUX CTAaHOBUTD Ki/IbKa [eCATKIB Ha-
HoMeTpiB. [Tonmepeyne 3mmBaHHA MiKpodi6-
pun y Makpodibpunax sabesnedyerbcs ITiKa-
Hamu (reminenono3on) Ta nektuHamu. Ha-
peurti, Makpodi6pny yrakoBaHi y BOJIOKHA.
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Puc. 2. Iepapxiuna 6ygoBa memtonosu [29]. BiaTBopeHo Ta afanToBaHO 3 [O3BONY BUJABHMUIITBA

Springer.

Fig. 2. Hierarchical structure of cellulose [29]. Reproduced and adapted with permission from

Springer.

Mikpoibpunm BKIIOYAIOTh KPUCTATIYHI
Ta aMopHi obmacri, ski yepryrorbcs. Kpucra-
JMIYHICTb peani3yeTbcsA Nuile BCEpenvHi Ha-
HOpo3MipHUX Mikpo¢ibpwn; Ha mnepudepii
pO3TallyBaHHA MaKpOMOJIEKYI CTa€ Oi/bIn
xaotnyHuM. llemonosa y BUIIMX POCIMH
KPUCTA/I3yETbCI B MOHOK/IHHIN CHHIOHII
(mpocroposa rpyna P21), monimMepHi maHuorn
po3TamoBaHi y30Bx oci ¢ (guB. puc. 1).

PocnunHa njenmonosa MiCTUTD BENNUKY Kislb-
KiCTb JOMIIIOK, OCHOBHUMM 3 SAKUX € TeMi-
L[e/I0103a, MeKTUH Ta jir"in (ta6m. 1) [30].
KpucraniqsicTp, AKy 00YNCTIOIOTL AK Maco-
BY YaCTKy KPUCTaTi4HUX O61acTeil y 4mMCTii
L[e/II0/I031, € JJOCUTb HU3bKOK, 32 BUHATKOM

40

KOHOIUIIHUX BOJIOKOH. IlikaBo, 110 A/ Cinlb-
CHKOTOCIIOAPChKIUX KYIBTYP BUABIEHO BUCO-
Ky KpUCTa/i4YHICTb Ha BiZMIHY BiJj JJ€pPEBUHM.
SK mpaBmIo, KpUCTANiYHICTh JIEpEBHOI CH-
poBuHM cTaHoBuUTh 40-50% [31]. Crip min-
KPEeC/IUTY HU3BKUI CTYIIiHb KPUCTaMi4HOCTI
XapyoBOi J0OABKM — KOMEPIiIIHOI 1Ie/TI0I031
Asinens [30]. Lett Tin 1je01031 NO3UIIIOHY-
I0Tb AK KpMUCTaniyHuit Matepian. IIpote 3rig-
HO [32], itoro KpMCTamivHiCTh 3HAXOAUTHCS Y
Mexax 37-93%.

bararopiBHeBa cTpyKTypa pOCIMHHOI Iie-
JTIONIO3Y 3YMOBJIIOE OCOONMMBOCTI I MOPUCTOL
cTpyKTypu. lle muTaHHA poO3INIAHYTO Jasi.
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Tabmuus 1
Table 1.

BmicT koMnoHeHTiB (Mac. %) y I{e/TI0103i pOCTNMHHOTO NOXOKEeHH A Ta T KpUCTaTiYHICTh

(#a ocHoBi manux [30])

Content of components (wt.%) in cellulose of plant origin and its crystallinity (based on

data [30]).

CuposuHa Lentonosa Temi- Jlirnin ~ Ilektmn  Bick Minepamm Kpucranis-
LeTI0I032a HICTD

Kyxypynsani 33 28 13 1 3 7 100

Ka4aHU

SAnvHa HOpBe3bKa 52 23 22 67

Konomnnsani 65 11 5 96

BOJIOKHA

QinprpyBanbHuii - 88 7 0.3 2 0 0 68

narip

Llemonosa 91 4 0.3 1 0 0 47

ABsinenp

Iopucma cmpyxkmypa uentonosu

CrnpoBrHa, AKy BUKOPUCTOBYIOTb K OCHO-
By (a60 KII0YOBMII KOMIIOHEHT KOMIIO3MIIili-
HOTO COpOEHTY), IOBMHHA BifTIOBijaTy TaKUM
BUMOTAaM: HOCTYIIHICTb, BiITBOPIOBAHICTD (i-
3MKO-XIMIYHMX BJIaCTMBOCTEN Bif| OfIHi€l Iap-
Til CMpOBMHU [0 iHIIIO1, @ TAKOXK CTIMKICTh Ipn
ximiuHOMY 006po6nenHi. [lo ¢isnko-xiMivHMX
XapaKTepUCTUK, fAKI Bi[irparoTb BU3HAYa/lb-
HY POJIb Y CMHTE31 KOMIIO3UTIB, IEPII 3a BCe
BiIHOCATDb MOPUCTICTb LIEIIONO3U, OCKIIBKM
JaCcTMHKM Mopudikaropa OCaIXylOTb caMe y
nopax.

Jna poCIMHHOI LIENI0N03M XapaKTEPHOIO
€ HaABHICTb IIOP Y IUMPOKOMY Jialla3oHi: Bif
MIKpOIIOp [0 NOPOXHUH MiIKPOHHMX PO3Mi-
piB — ocranHi nomitHi Ha CEM-306pakeHHi
(puc. 3 a), sixe Oy/10 OTpUMAHO Aj1A cTeb1a KO-
Homti [33]. Ilopu posmipom Bix 10 MkM mpm-
TaMaHHI OCHOBHIVl TKaHMHI IapeHXimi, AKa
Harafiye MepexxuBo. IIopoXHMHM MIKpOHHUX

https://ucj.org.ua

po3MipiB BUHO Ha AMQepeHiiTHOMY pPO3Io-
Rini mop 3a pagiycamu (puc. 3 6).

Men1i nopu BifHOCATD O iHIIMX TKaHVH:
enifiepMicy, NpOBifHUX TOILO. BpaxoByroun
HEOJHOPIAHICTD IOPUCTOI CTPYKTYpu Ppi3-
HUX TKaHJH, IOpOrpaMu 3pasKiB crebern pis-
HOI Macl MOBHICTIO He BiJTBOPIOIOTHCA, X04a
MaroTb cxoxui Burian. Caifg 3sasHaAYUTH, IO
npo6ieMy BiJTBOPIOBAHOCTI IMOPMUCTOCTI Ta
iHmmx ¢isnKo-XiMiYHUX XapaKTePUCTUK POC-
JIMHHOI CMPOBVMHM MO>XHA YaCTKOBO BUpilIN-
T 33 PaxyHOK BMBYEHHA Ta KOPEryBaHH:A
¢dakTopiB, sAKi BIVIMBAIOTh Ha PICT i pO3BUTOK
pocimH: ¢isnKo-XiMiYHOrO aHais3y IPYHTY,
Ro6puB, BOAM Ta MOBiTps. B cydacHux ymoBax
11i mapaMeTpu MOXYTb OYTU KOHTPOIbOBAHM-
MU JIIA BiITBOPIOBAaHHA 3 POKY B pik. [Ipore
BOX/IMBMM (PAKTOPOM, SIKMIT BIUIMBA€E Ha i-
3MKO-XiMi4HI XapaKTepUCTUKM POCIMHHOI
CHPOBIUHY, 30KpeMa Ha IOPNCTICTb, €, 6Oe3-
CYMHIBHO, IIOTOJHI YMOBH, AKi KOHTPO/IIOBATA
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HeMOX/MBO. ToMy IOBHa BiATBOPIOBAHICTb
CKJIaZly KOMIIO3UTIB Ha OCHOBI LIE/TIONIO3U €
po67eMaTUYHOI0, aji)Ke YaCTMHKM MOmudi-
KaTopa OCa/pKYyITbcA caMe y mopax. Oxpim
LbOrO, y IOpax 3HAXOAATbCA JOMIIIKM, AKi
MOXYTb YaCTKOBO OJIOKyBaT! BBEJJEHHs PO3-
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YJHY, 3 IKOTO OCA/KY€eThCs MopubikaTop, o
Me30- Ta Mikponop. IIpoTe 1i HegoOMKM KOM-
IIEHCYIOTbCA JIEIIEBM3HOK Ta JOCTYIIHICTIO
POCIMHHOI CMPOBUHM, OiNbII TOTO, JOOABKYU
MO>KHa BUJA/IUTH 3a IIONIEPEHbOrO XIMiYHOTO
00po06IeHHsI.
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Puc. 3. CEM-306pakenHs (a) cTe6a KOHOIUI Ta po3nofiny nop 3a papiycamu (6), oTpumani s

3paskiB pi3Hoi Macu. AfantoBaHo 3 [33]

Fig. 3. SEM images (a) of hemp stems and pore distributions by radii (b) obtained for samples of dif-

ferent weights. Adapted from [33].

Tak, Hampukiaj, MAarHITHI YacTUHKMU
Fe,O, MoxHa ocaguTu K Ha Makpodibpumax
(puc. 4 a [34]), tak i Ha BomokHax (puc. 4 6
[35]). Y mepuiomy BUIIa/IKy OCaJpKeHHS 3 PO3-
uyny, o mictus Fe(II) Ta Fe(III), mpoBopnmm
PO3YMHOM CE€YOBMHM 3a KIMHATHOI TeMIlepa-
Typu [35], a y apyromy — NaOH 3a 50 °C B aT-
Mocdepi asory [34]. OcapxeHHs BinbyBanocs
3TiJHO peaKil:

FeCl2 + 2FeCl3 +8NaOH =
=Fe,O, + 8NaCl + 4H,0.

OrprMaHi KOMIIO3MTHM BUCYIIyBaIu 3a
60 °C [35] abo 3a kiMHAaTHOI TeMIlepaTypu
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[34]. YacTMHKM MarHeTUTy 3yMOBJIIOBAIN
TaKy BaXX/IMBY BJIACTUBICTb KOMIIO3UTIB, SIK
JIETKICTh BUIAJIEHHS 3 BOAMU, OCOOIMBO 3a
HPUCYTHOCTI JIPiOHOAMCIIEPCHUX YaCTUHOK
IHIINX PEeYOBMH.

CUHTE30BaHO KOMIIO3UTM IIEMI0NIO3Y, OT-
PUMaHOI 3 IMIIEHWYHOI COIOMM, 3 IOIiaKpu-
JIOBOIO KMC/IOTOIO [36], 3 pucoBOi comomm —
3 COIOJIIMEPOM AKPU/IOBOI KUCIOTU 3i CTU-
poroMm Ta 6yranieHom [37], a Takox 3 mHOi-
eTneHoM [38]. BigsHaueHo BMCOKY MilfHICTD
HUTOK, BUTOTOBJIEHUX i3 KOMIIO3UTiB, TOMY
3aIPOIIOHOBAHO BUKOPVCTOBYBATH COIOMY SIK
I00aBKy 1O MOJIiMepiB [y 3[elIeBIeHHS BU-
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po6iB i3 Hux. KoMnosuTtn Ha 0CHOBi poC/IuH-
HOI L[e/TI0/I031 3 OEHTOHITOM 3aIIPOIIOHOBAHO
BUKOPVICTOBYBATM fAK HO0aBKM [10 acaibTy
[39]. Y [36] 3a3HavaeThCs, 1110 KOMIIO3UT Oio-
[IO/IIMEeP-CUHTETUYHNI TIO/TiIMEP MOXKE BUAB-
AT afcopOuirHi BaactuBocTi (e Bimobpa-

JKEHO HaBiTh y HasBi CTarTi), ase BifmoBigHi
eKCIIepMMEeHTA/IbHi J1aHi He HaBefieHO. IIpoTe
HV3KY pPOOIT IPUCBAYEHO BUBYCHHIO CaMe aji-
COpOIiiTHOI TTOBEIiHKM KOMIIO3UTIB HA OCHOBI
LIE/II0JIO3V POCTIMIHHOTO IIOXO/KEHH .

Puc. 4. OcapKkeHHsT YaCTMHOK MarHeTUTY Ha HoBepXHi Mikpodibpun [34] (mosBin Ha my6ikarito
puUCyHKy Bif BugaBHnuurea MDPi He BuMaraerbcs) (a) Ta BosokoH (6) memtonosn (agantoBaHo 3 [35] )

Fig. 4. Deposition of magnetite particles on the surface of microfibrils [34] (permission to publish the
drawing from MDRi publishing house is not required) (a) and cellulose fibers (b) (adapted from [35]).

3arasioM copOeHTH, BUTOTOBJIEH] 3 POC/IUH-
HOI CMPOBMHM, MOXXHA IOAI/INTY HA EKiTbKa
kaciB (puc. 5). Hait6inbi po3snoBCiomKeHnM
CIIoco60M BUTOTOBJIEHHS COpOEHTIB i3 poc-
JIVHHOI CUPOBVMHM € KapOoHi3aljis, y LboMy
BUIIAJKY KiHIIeBMM IPOAYKTOM € 0ioByTimisa
[40—42]. Kap6onisauis morpebye crerianb-
HJX YMOB: BUCOKMX TeMIIepaTyp Ta iHepTHOI
armocepn. OkpiM 11bOTO, HU3bKA MeXaHid-
Ha MiIHICThb aKTMBOBAHOIO BYI//IA 3MEH-
1Iye IEepPCHeKTUBHICTh OO0 BUKOPUCTAaHHA
y 6araTpox Bumagkax. [Ipo6memMy cTaHOBUTD
BiJIHOBJIEHHsI COPOLIIHMX B/IACTUBOCTEN aK-

https://ucj.org.ua

TUBOBAHOTO BYT1/I/IA: MiC/IA BUTYYEHHS 3 pO3-
YJHIB OpraHiYHMX PEYOBMH pereHepalis Io-
nATae y itoro TepmMoobpobnenHi. BHacmigok
IIbOr0 COpOOBaHi PEYOBMHM BTPAYaAIOThCA, A
€MHICTD BYTi/IZI1 3MEHIIYETHCA. 3BaXKal0O4M Ha
1le, B OCTaHHI POKM IIPOBOJATb MOCIIJKEH-
Hs, CIIPSIMOBAHI Ha BUTOTOBJ/IEHHSI COPOEHTIB
i3 HexapOoHi3oBaHUX 6iomoniMepiB pocINH-
HOTO IOXO/pKeHH:A. Bigomi pobotu, e mocri-
JKEHO BUKOPVCTAHHS I copOuii pocimH-
HOI CHpPOBUHM 0e3 IoNepenHbOol MiATOTOBKM.
[71s1 mokpaieHHs TUX ab6o iHmux ii PyHKIjio-
HaJIbHMX BJIACTMBOCTEN ab0 [IA HaflaHHA
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DOJATKOBMX 3aCTOCOBYIOTh TaKi IIPUIIOMMU, AK
xiMiuHe 06pOO/IeHHs, 10 Tepenbadae Bupia-
JIEHHS JOMIIIOK Ta aM@OTepHUX PpparMeHTiB
(nuB. Tabn. 1), PpyHKIiOHami3ali0 TOBEpXHi
elIeMeHTIiB 6araTopiBHEBOI CTPYKTypu (ZMB.

puc. 2), a TAKOXX BUTOTOBJIEHHS KOMIIO3UTIB.
HMani posrisHyTO COpOLifiHI BIaCTUBOCTI
caMe HekapOOHi30BaHUX COPOEHTIB POCINMH-
HOTO TTOXOJ)KEHHI.

XimiuHe 06podeHHs
(BUAANIEHHSA AOMILLIOK,
(dynkuionanizauia nosepxHi)

PociimHHa cupoBHHA

Komno3uru

Kap6onizanis

dynkuioHai3anisa noBepxHi

Puc. 5. IIpuitomu, sKi 3aCTOCOBYIOTb 11 BUTOTOBJIEHHS COPOEHTIB i3 pOCIMHHOI CUPOBUHM
Fig. 5. Techniques used for the production of sorbents from vegetable raw materials.

OuuugeHHs 800HUX N0BEPXOHb 8i0 HaPmo-
npodykmie

OpuH i3 HalgeleBIINX CII0CO0iB JOCTaBKM
HadTV Ta HAPTONPOAYKTIB KO CHOXVBAYiB —
e BOfHMII TpaHcnoptT. [Ipore mepeBeseHHA
11i€l CMpOBMHM TaKMM CIIOCOOOM IOB’s3aHi 3
He6e3I1eKOI0 11 PO3/IMBY: B €LY Yepry B 30Hi
PU3UKY 3HAXOAATbCA TEPUTOPIl MOPCHKMX i
OKEaHChKMX pofoBuIl Ta NMOpTiB. OKpiM 11bO-
IO, CyTTEBUMM € UMK IiJ] 4ac BUJO0YBaHHS
Had TV 3 BOJHUX POAOBMIL. 32 OCTaHHI POKMK
TpammIacs HNU3Ka BUMAJKIB PO3MBY HaTH i
HaTOMPOAYKTIB y BcboMy CBITi [43, 44] 30-
KpeMa B YkpaiHi [45, 46]. [Ticia Bubyxy, sxmit
craBcs y 2010 poui Ha HamiB3armMoOIeHiln Ha-
¢roBiit 6ypoBit maardpopmi HagrIMO0KOrO
Oypinna Deepwater Horizon y Mekcukas-
CbKill 3aroui, yTwiisanis posnuroi HadhTu Ta

44

IIOB's3aHi 3 MM METOMV BiJHOBJIEHHA HABKO-
NMIIHBOTO CEpeloBNUIA NPUBEPHYIN 3HAYHY
yBary [47, 48]. IlorpibHO He Tinbky 3abesre-
YUTU 3aMI00iraHHA MOX/IMBOTO 3a0py/HEHHS
BOJM PiIKMMM BYITIEBOJHSAMY, ajle if 3a HeoO-
XiTHOCTi BUKOPUCTOBYBAT! €KOJIOTiYHO YMCTI
TEXHOJIOTII JI/Is1 OYMIEHHA IOBEPXHI BOAY Bif,
nux 3abpynHeHb. OpHUM i3 Hai6inbIn edex-
TUBHUX METOMIB i OUYUINEHHS BOJHUX IIO-
BEPXOHb BB@)KAIOTb €KCTparyBaHHA COpOeH-
tamu [49]. OpHak BifoMuM copbeHTaM npuTa-
MaHHI TaKi HeO/MiK1, sSIK HU3bKa IOT/IMHaIbHA
3[IaTHICTD, BMCOKA BApTiCTb 1 HEJOCTATHA II/Ia-
By4icTb [50]. 151 «imeanbHuX» agcopOyounx
MarepianiB MalOTb OyTH IpUTAMAaHHVMM TaKi
BIACTUBOCTI, SIK TifpodobuicT, oneodins-
HiCTb, BIICOKA €EMHICTb, H3bKa T'YCTUHA, €KO-
noriyHicTh. KiouoBe 3HaUeHHSI MAalOTh TaKOXX
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IIPOCTOTa BUTOTOBJIEHHA Ta HU3bKa cobiBap-
TiCTb.

[Tepur 3a Bce, B poii cOpOeHTIB po3rsi-
JAI0TH NPUPOJHI MaTepiany, JO AKUX He 3a-
CTOCOBaHO XiMiuHe 06pobnenHs. Tak, y [51]
PpO3IIAfAITh OKpeMi POC/IVHHI MaTepianu Ta
ixHi cymimi, BurortosneHi i3 comomm (25 Ta
50 mac. %), ta Topdy (75 Ta 50%), AKi 3paTHI
afcopbyBaru cupy HadTy i AM3enbHe Mam-
Bo. OyHKIiA POCIMHHMX JOOABOK 30KpeMa
HOJIATAE Y 3alobiraHHi AMCHepryBaHHA TOP-
¢y y BOGTHOMY CepemoBuILi: pO3Mip YacTMHOK
cyMmimi ctaHoBuB 1-1,5 cM. EMHicTb pocinH-
HOI CHPOBUHU 33 HaTO0 Ta HaPTOIPOAYK-
TaMI € MEHIIOI0 ITOPiBHAHO 3 TOPHOM, TOMY
36impIIeHHA ii BMICTY B cyMmiln npusBOANUTH
0 TOTipuIeHHs 1i COpOLiHNX XapaKTepuc-
UK (puc. 6). {71 MOpiBHAHHS BUKOPUCTO-

ByBa/Il TAKOXK BOBHY Ta MoX. Came [ mux
MarepiaiB 3HaliJileHO HaOiNbLIy afcopOLiil-
HY €MHICTb 3a Hadromwo (9.4 r r'). V Bumagky
AV3eTbHOTO MaNyBa MaKCUMaJIbHY €MHICTb
RocATHYTO s Topdy (6.3 r1?).

CopOeHTU 3aCTOCOBAHO Il BUJIAJIEHHS
HETIO/IIPDHMUX PigVH i3 BOJHMX IIOBEPXOHb.
Bcranosneno, mo cymim topd — comoma 3
HalIMEHIIIOK KiTbKiCTI0O OCTAaHHbOI ITOIJIMHAE
OCHOBHY Ki/IbKicTb cupoi Hap Tyt (60% Bif po3-
muroro o6’eMy) i ausenbHoro mamBa (69%)
[52] (BumapoByBaHHs IIVIX PifVIH IIifi Yac copo-
11ii cTaHOBWIO 2-6%). Bayk/MBUM € 9ac KOH-
TaKTy COpOEHTIB 3 ITOBEpXHEI BOAMU: BiH He
Mae nepesuntysatu 1 rop. Ilpu nepesnmenni
PEKOMEHJIOBAHOTO Yacy KOHTAKTY IIOYMHA-
€TbCsI fecopbuis HadTu Ta copOList BOAM, 1[0
CIIPUYMHIOE 3aTOIUIEHHS YaCTUHOK COPOEHTY.
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]
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© =
X
=
g 2
=
g
= 0 e — — —
Wool Moss Peat Straw Straw-Peat Straw-Peat
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® Cvpa HacpTa 11 lnsenbHe nanveo

Puc. 6 Cop6uiitHa eMHiCTb Hekap6OHi30BaHUX MaTepiasiB pOCIVMHHOTO Ta TBAPMHHOTO I10-
XO[PKEHHSI 110 BiJHOIIEHHIO /10 crpoi Had Ty (TeMHi CTOBIYMKM) Ta JU3€/IbHOTO majanBa (CBiTmi
croBnurkim) [51]. PucyHok BigTBOpeHO 3rijHO JO3BONTY BUAABHMIITBA Springer.

Fig. 6 Sorption capacity of non-carbonized materials of plant and animal origin in relation to
crude oil (dark columns) and diesel fuel (light columns) [51]. Figure reproduced with permission

from Springer.
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OrpuMaHHA MaTepianiB, AKi XapakTepHi
NOEHAHHAM CyHepriipogoOHux Ta cymep-
oneodinpHUX BIacTUBOCTeN (B ifeanbHOMY
BUIIAJIKy KyT KOHTAaKTY 3 BOJOI0O Ma€ Iiepe-
BuiyBaTy 150° a 3 HEMONAPHMMM PiiVHAMM
el mapaMeTp Mae OyTM MeHIIUM, HDK 5°),
Hapasi 3HaxofuTbcA y ¢okyci yBarm. Oxpim
cyneprifpodobunx Ta cymeponeodinbHuX
BJIACTUBOCTE, /I MaTepiany Mae OyTu npu-
TaMaHHa 0araTourapoBa CTPYKTYpy Ta HU3bKa
[IOBEpXHEBA €HePrisa Ha TpaHMLi JI0OTO pO3AiLy
3 HEIOJIAPHOI0 PiAVHOI0 1 HM3bKA IOBEpPXHE-
Ba eHeprisa [53—57]. Ilemono3a pocnmHHOrO
IOXOPKEHHS, OTPMMaHa 3 Ci/IbCbKOTOCIOAap-

[C.H,O,(OH),] +3n(CH,C0),0 -

OntumanbHi yMOBM [/1d aLeTUIyBaHHA
TiPOKCUIBHUX TPYIl L€IF0JIO3HOTO BOJIOKHA
BignosifaoTh 120 °C, a TpuBamicTh peakuii
CTaHOBUTB 7 rofi. CaMe 3a IIMIX YMOB CIIOCTEPi-
ra€Mo HaiiOinbIe 30ibIIeHH Bary Le/III03N
3a paXxyHOK 3aMillleHHA TiIpOKCUIBHUX TPYII
Ha aleTaTHi: IpUpicT Macy CTaHOBUTD 34.5 %,
a CTYIiHb KPUCTAIYHOCTI LIEII0/IO3U NOCATAE
79%. [l NOpiBHAHHA: LI BeIMYMHA CTAHO-
BUTH yuie 5 ta 12% pis 1emoa031 BUXiTHOT
Ta micna geniraudikysanHA. IIpo 36inbIien-
HA TiZipoPOOHOCTI aleTUIbOBAHOI 1[eTI0I031
CBifluaTb BEIMYMHM KOHTAaKTHMX KYTiB 3MO-
9YyBaHHA: I BUXIIHOI Ta aleTWIbOBaHOI
1Ie/TI0/IO3Y BiJIOBIZHO 11i 3Ha4YeHHs 30i/mbIy-
10Tbcs 3 51 o 121° (Bopa) i 3MeHIIYIOTbCA 3
46° no 32° (madra). lle cBimuntp mpo mocu-
NIeHHs TigpodoOHOCTI 1emt01031, 06pobIeHO]
XiMi4HO.

g aneTMaboBaHMX BOJIOKOH OTPUMAHO
BJICOKi 3HaUeHHS €EMHOCTI: 42.5 I'T"! 32 BaKyyM-
HYIM MacjIoM, 52.6 -1} 3a nu3enbHNM ITaIUBOM
Ta 67.5 r'r"' 3a cuporw Hadrow. MoxndikoBana
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CBbKVIX BiIX0fiiB, i HaBiTh cami HemepepoO6eHi
Bifixomy MOXYTb OyTy MoziuikoBaHi A OT-
pVMaHHA KOMIIOSUTIB 31 BKa3aHVMM BJIaCTH-
BOCTAMU (UB. puc. 5).

[ 36inbLIeHHs cOpOLiiHOI EMHOCTI poc-
JIVHHOI CUPOBUHY 3aCTOCOBYIOTh XiMiuHe 00-
po6yeHH s, sIKa IOIATAE Y BUAATEHH] JOMIIIOK,
ta QyHKUioHami3alis mosepxHi. llemronosne
BOJIOKHO, OTPMMaHe 3 KYKYPY/[3sHOI CONIOMY,
3aTHe NOIIMHATY PO3INTi HaTONPOLYKTU
Ta MacTMIA MicnA fenirHigikanii kucmmm pos-
gnHoM NaClO, 3 HaCTYIHUM aleTUTYBaHHAM
OLITOBMM aHTifgpuzmoM [58]:

[C,H,O,(OCOCH,),] +3nCH,COOH. (1)
1Ie/TI0/103a 3/1aTHA MOITIMHYTH TOoHa[ 90% Bif
posnuToro 06’emy HapTy a60 HaPTOIPOYK-
TiB IIPOTATOM IEPIINX 5 XBUIVH KOHTAKTY.

Astopn [59] oTpumanyu KOMIO3uILiiiHI BO-
JIOKHMCTI MaTepiaay, 0 BKIIOYAOTD LIeJTI0NI0-
3y odepeTy Ta 6AaBOBHM, OTPMMAHOI 3 JepeB-
HUX Ta TPaB AHUCTUX POCIUH. [l mocuieH-
Hs Tifpodo6HOCTI Ta MeXaHIYHOI MilTHOCTI O
nemntono3u gogasamm 10-20% nmopoxHix Bojo-
KOH, BUTOTOBJIEHUX i3 CyMillli IIOJTIMPOIIi/IEeHy
Ta mojieTuneHy. Bcranosneno, mo A ycix
KOMITIO3/TIB KYT 3MOYyBaHHA CTAaHOBUTD 128—
132° (Boma), 93-124° (eTuneHrmikonp), 49-52°
(miiomomeran). ITokasaHo, IO IIOITIMHAHHSA
pOCIMHHOL O71if Ta MOTOPHOrO Macia Bifoy-
BA€TbCA 32 PAXYHOK 3aIIOBHEHH:A ITOPOXXHIH
BOJIOKOH.

3IaTHICTb KOMIIO3UTIB yTPUMYyBaTU BKa3a-
Hi peYOBMHM BU3HA4Ya/aM HACTYIIHUM YMHOM.
Hacuuenuit agcopbeHT momimianu Ha CiTKy
IJIA CTIKAaHHA IIOIZIMHYTOI MaCIAAHUCTOL pi-
myHM. X04a KOMIIOSUT HAa OCHOBI LIE/TIONIO3U
o4epeTy BMABIAE MEHINY COpOLiliHy 3part-
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HICTb BifITHOCHO POC/IMHHOI OJ1il Ta MOTOPHOTO
macna (11-14 r r''), Boun 3arpumyBamm ~90%
OJ1il, 1[0 3yMOBJ/IEHO 3HaYHVM BMICTOM BOCKY
y nbomy Marepiani (=11 %). Y Bunajky nemo-
103y 6aBoBHU (BMicT BocKy 0.6—3%) 3aTpyM-
Ka ctanoBuma 20-50%.

Jna BuganeHHA NOITIMHYTOI piiMHM COp-
6eHTN mpecyBanu. EMHiCTD micnsa 10 umkiis
cop6uii/mecop6buii cranoBuaa moxax 80% Bif
o4yaTkoBoi BemunHu. [loripuienHs copouii,
AK CTBepIPKYIOTh aBTOpM [59], 3ymoB/IeHO fe-
¢dbopMalliero BOTOKOH 3a IMiIBUIIEHOTO THCKY.
Y npomy TBepI)KEHHI € paljiOHa/JIbHE 3€pPHO,
OCKiZIbKY ITpU fiepopMaliil 3SMEHITYETbCS MaK-
POLOPUCTICTD, SIKA I 3YMOBJIIOE COPOILIHY
€MHICTb 32 piiHaAMI.

[Tommpenu™M npuitOMOM i1 HaflaHHA Lje-
TIONIO3HMM  MaTepiamaM Tifpodo6HO-om1eo-

Pre-treatment
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(biNbHUX BIACTUBOCTEN € BUTOTOBJIEHHS KOM-
no3nTiB. fIK BMXigHI MaTepiany BUKOPUCTO-
BYIOTb, HAIIPUKJIAJ, LIe/II0/I03Y NEePEBUHMA [60,
61] abo 6aBoBHM [62]. Tak, Dashairya 3i cmi-
BaBTOpaMmu [62] po3pobunnu cymneprifpodo6-
HUI1/cyneponeinbHNUIl  KOMIIO3UT IIIAXOM
MoaM(}iKyBaHHA IIEMTI0/I03Y HAHOYACTHKAMM
KpeMHe3eMy i3 IofanbImM oOpoOIeHHAM
MeTUNTPUXIOpcUIaHoM (puc. 7). AHamoriu-
HUI MiXi 10 CMHTE3y KOMIIO3UTIB 3aCTOCO-
BaHO y [63], mpoTe 3aMicTh KpeMHe3eMy BM-
xopucroByBamu ZnO, a i rigpodobisamnii —
OKTWITPUETOKCUCUIAH. Y POJi OCHOBU KOM-
IIO3UTIB 3aCTOCOBYBA/IN L€/II0/I03Y, OTPMMAHY
3 KYKypy#A3AHoi conoMu. st MopudikyBaHHA
IPKYTOBMX BOJIOKOH BMKOPMCTOBYBa/lIM OKTa-
HeUITpUxIopcuaan [64], a 6aBOBHSIHMX BO-
JIOKOH — IIOJTiIIMETU/ICUTOKCAH [65].

Stable water droplet
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SiO, NPs

MTCS
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MTCS toating
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e e eipee. " -
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TTeTe e e e e e = & " Q‘Z‘g"_ﬁgf e ()
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Puc. 7. CxeMa cHTe3y KOMITO3UTIB Ha OCHOBI 11e/Ti0/10311 6aBOBHM [62]
Fig. 7. Scheme of synthesis of composites based on cotton cellulose [62].
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[TpakTYHO MOHOAVCIIEPCHI TIIOOYIAPHIi
JacTVHKY MopndikaTopa fiiaMeTpoM MOPAAKY
100 HM Oy/IO OCaji>KeHO Ha BOJIOKHAX IIeJIO-
71031 MiKpOHHMX po3MipiB [62]. KonTakTHMI
KyT 3MOYYBaHHsA BOJOI0 CTaHOBMB 173° a
noBepxHeBuil Hatar — 24 MH M. Y Bumagky
HEIO/IAPHUX PiJVH KyT 3MOYYBaHHSA CTAaHO-
BUB (°. AHAJIOTIiYHMX pe3y/IbTaTiB HOCATHE-
HO i1 y [63]: KyT 3Mo4yBaHHA rigpodobHOro
KOMIIO3MTY BOJOIO CTaHOBMB 152°, a HadTOIO,
HaTONPOAYKTaMU Ta POCIMHHOI0 OJIi€l —
0°. €EMHICTD i3 pisHMMM HadTONpORYKTaMU
Ta POCIMHHOW Ofi€r0 cTaHoBmMiIa 31-41 r ',
y BOJHOMY cepefoBuILi JecopOyBanocs o
20% MOrMMHYTUX PiiviH, a IiC/IA MpecyBaHHA
BUJAJICHHA BifOyBasacsi JOCTaTHbO IIOBHO
(ocTaroyHa €EMHICTh cTaHOBMIA OMU3BKO 10%
Bim mouvatkoBoi BenuumuM) [62]. ITpore oc-
TaTOYHA €MHICTb 3YMOBJIIOBa/lia 3MEHIIEHHSA
IIOIIVHA/IbHOIL 3[aTHOCTI BiJj UMKIIY 4O LUKy
cop6iiii — mecop6iiii. BifHoCHO eMHOCTI, sTKOT

JOCATAIOTD MiC/IA MepPIIOTO IUKITY, 3HVDKEHHS
CTaHOBMIO 4—14 % mic/Isi 'ATOrO LYKy COpO-
il — gecop6uii Ta 1o 25 % — micasa mecsToro.
[HIIIO}0 TPUYMHOK €, BOUEBUb, fedhopMariis
BOJIOKOH IIpYM IIpeCyBaHHi, fAK 3a3HAYeHO Yy
[59]. BcTaHOB/IEHO TaKOXK, 1[0 EMHICTh HErifI-
podobizoBaHol 11e/11071031 € IPUOIU3HO Y 2—3
BUIIOI0 NOPIBHAHO 3 BUXIJIHOIO KYKYypyp3s-
HOM conoMmoxo. [lomatkoBuit Burpau (1o 30%
BiZTHOCHO I1€/TI0/1031) [Ja€ BUPOO/IEHHS KOMITO-
suty [63]. [Tpore BemmumHM €MHOCTEI 32 pi3-
HUMU pifHaMU JOCATAIOTH muire 19-22 v r'.
BemmunHu emHOCTell 3a HapTO0 KOMIIO3M-
TiB Ha OCHOBi 0ABOBHAHOI 1I€/II0/IO3Y 3BeMleHi
y Tabmn. 2. [Ina rigpodo6izoBaHNX IKYTOBMX
BOJIOKOH EMHICTb 32 HapTOO CTAHOBUTD 7 T T
[64], a 6aBoBHaAHUX — 20 r 1! [65]. Bigsnaua-
€MO TaKOX OIIbIy €MHICTH KOMIIO3UTY 3a
POCIVHHOIO ONTi€l0 MOPiBHAHO 3 HadTOIO Ta
HadTonpopykTamu [63].

Tabnunsg 2
Table 2.
Cop6uisi cupoi Ha T KOMIIO3UTAMU Ha OCHOBi 6ABOBHSTHOI 1I€THOI03M
Sorption of crude oil by composites based on cotton cellulose.
Mopudikarop Crnoci6 cunTesy CriBBigHOIIEHHS Mac [Mocunanus
Ha(TN Ta KOMIIO3UTY
BigHoBneHUIT okcKp rpadeny, OcamxeHHsa Ha 11-25 [66]
THOMiTiMEe TUICUIOKCAH ¢dyHKIiOHa/Ti30BaHIX
BOJIOKHAX
BigHoBnenuit okcup rpageny ligporepmanbHmit 30 [67]
Bignosnenuit okcup rpageny  TepmiuHe BiffHOBIEHHS 22—-45 [68]
[TonigiMeTUICHIOKCAH, OcamKeHHS Ha Hani BigcyTHi [69]
ZnO (xoMepuiitHa ¢dyHKLiOHaTI30BaHNX
cyneprifpopobHa 6aBoBHa) BOJIOKHaX
JKupsi kucnorn ALMTIOBaHHA LIETI0N03M 11-20 [70]
MiKpOXBMJIbOBYM
BUIIPOMiHIOBaHHAM
[onigimeTnNCHIOKCAH OcapxeHHs 3 mapy 30-65 [71]
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[TincymoByloun HaBeneHy iHdopMmalio,
BapTO BifI3HAYNUTH IlepeBaru pOCAMHHOI He-
KapOOHI30BaHOI CUPOBMHM Ta COPOLiiiHUX
MarepianiB Ha II OCHOBi Iepefi TaKUMMU Bi-
foMyuMu copbeHTamMy HapTy Ta HaPTOMpO-
IYKTiB, fK TepMoposlupeHuit rpagir [72,
73], aeporeni [74], rpaden [75] € merkictb
OTpMMAaHHA 3 JElleBUX Ta JOCTYIHUX MaTe-
piamiB — CiIbCHKOTOCIOJAPCHKUX BIgXOMIB.
binbu Toro, NOrMMHYTY pifMHY MOXKHA BUJi-
JINTU 3 TAaKUX COPOEHTIB MpeCcyBaHHAM i BU-
KOPUCTATy I TUX ab0 IHIINX Iiijiei, a cop-
OCHTV BUKOPUCTATM IOBTOpHO. BopgHOowac
Hacu4eHi ByI/elleBi COpOEHTU MalTbh OyTHU
YTUIi30BaHi CIIa/IlOBaHHAM BXKe IIiC/A IIep-
IoTo UKy copb6buil. [IpoTe y nitepaTypi He
PO3I/ITHYTO MOXX/IMBICTh CMHTE3Y COPOEHTIB,

3 J i
H
S O T
h CHO J;H cond
cr CH =]
H&—lﬁamnhyﬂmﬁ} HOH OCH,

o
HOG—CH—CH.OH Hi oH

| OGH.
i ml.oﬂ Hﬁmﬁ o Hf
CHQ. : ocH, HC oH H

AKi MOKHa Oy/10 6 IeTKO BUIA/TIUTHU 3 BOTHNUX
IIOBEPXOHb.

IoHoo6MiHHI énacmueocmi yenn03u poc-
JIUHHO20 NOXOOHEHHS

Copb6uis ioHiB 6GiomoniMepaMu poCIMHHO-
TO IIOXOIPKEHHs Ta BMPOOJIEHOI 3 HUX LieJIio-
7103Y1 3HAYHOIO MipOIO 3yMOBJI€HA [JOMIIIKaMU:
HaBiTb Y BUCOKOOUMILEHMX NIPENapaTax 3aBxK-
0¥ MOXXHA BMABUTM 3a/JMIIKM, HaIpUK/Iaf,
ITIIOKOYPOHOBOI KUCIIOTH, fIKa € IPOJYKTOM
OKJCJIEHHA TEePBMHHOI CIIMPTOBOI IPymy Iie-
JTIOZIO3 ITPY IIOCTOMY aToMi ByT/erfio (puc. 8).
ligpoxcnbHi Ta KapOOKCUIBbHI IPYIN TIrHiHY
Ta TEeMILIe/II0I03, YACTUHKY AKUX 3HAXOAATHCA
Ha IIOBEPXHI CTPYKTYPHUX €/IEMEHTIB Le/II0-
71031, pOOIATh OCHOBHUII BHECOK JO I i0OHO-
0OMiHHOI EMHOCTI.
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Puc. 8. @parmeHTV MaKpOMOJIEKYI JTirHiHy (@) Ta remiuesntonosu (6), CTPyKTypHi GOpPMY/IN IIIOKO-
YpOHOBOI (B), KymapunoBoi (r) Ta ¢pepynoBoi (1) KUCIOT
Fig. 8. Fragments of lignin (a) and hemicellulose (b) macromolecules, structural formulas of gluco-

uronic (c), coumaryl (d) and ferulic (e) acids.
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Indopmarniio moao GyHKIIiOHaIBPHUX TPYI
mae I[Y-cnekrpockomis [76]. Ha puc. 9 HaBe-
IEHO CIIEKTPMU, OfieprKaHi [I/IA BUXiTHOI AYMiH-
HOI COTOMM, BUPOO/IEHOI 3 Hel IIe/0I03H, AKY
0y/10 OTPMMAHO i3 3aCTOCYBAaHHAM OKMCHMKIB
(X7I0pUTY HaTpilo Ta MepMaHTaHATY KaJliio) Ta
JIyTY, @ TAKO)X BMCOKOYMCTOTO KOMEPIIiTHOrO
npemnaparty uentosnosu [76]. O6macts Big 4 000
mo 1900 cm' He fae xopucHoi iHdopmamii,
OCKIZIBKM B IIbOMY IHTEpBa/li BUABIAIOTHCA
BasieHTHi KomuBaHHA 0-H Ta C-H rpyn. Mak-
cumymu npu 1735 Ta 1510 cM! BIiTHOCATD MO
KOJIBaHb KapOOHiNy KapOOKCMIBHMX TPYIL.
OcraHHIil IiK 3yMOB/IEHO TAKOXX KO/VMBAaHHA-
My C-C rpyn apoMaTUYHOTO Ki/lbIisA BKa3aHUX
IOMIIIOK Ienmono3n (y BUIAAKY BUXiJHOI cu-

poBunn). O6macts 1470-870 cm’! BigHOCATH
1o BaneHTHUX KonmsaHnb rpyn C-H ta C-0.
Bapro Bifg3Ha4uTM if€HTUYHICTH CIIEKTPiB
LA TPbOX 3PasKiB. Y BUNAJIKY BUXiJHOI AYMiH-
HOI COJIOMM XapaKTepUCTUYHI MKy 1pu 1735 Ta
1510 cm™ 3ymoBrieHi aueTwIbHUMM, depyro-
BUMM, KyMapuIoBUMyU ¢parMeHTaMy JITHIHY
(3arajibHUIT BMICT JOMIIIIOK CTaHOBUB ~16% ).
Bupanenna [OMIIIOK Mif Ai€r0 XiMiYHUX pe-
areHTiB CYIPOBOKYBA/IOCA OKMCIEHHAM 3
YTBOPEHHAM KapOOKCWIbHMX TIpyml (puc. 9),
HasABHICTDb SKUX Y XiMiYHO 00po6/IeHnx 3pas-
KiB, 30KpeMa KOMEpLIHOIO, MiATBEPIXKEHO
IY9-cniekTpockomiero. 3aramoM, 3a/eXHO Bif
OKVICHMKA, KMICEHbBMICHI I'PyII} YTBOPIOIOTHCSA
npu ToMy a6o iHIomy aTomi Byrtenio [77].
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Puc. 9. I'Y-cnexTpu BuxifgHoi (a) Ta XiMiuHO 06p0o6/IeHol (6) cOmoMu TIYMEHI0, @ TAKOXK KOMEPILiTHOTO

3pasKy Liemoso3u (B) (aganTosaHo 3 [76])

Fig. 9. IR spectra of the original (a) and chemically treated (b) barley straw, as well as a commercial

cellulose sample (c) (adapted from [76]).
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Puc. 10. ITo3nnii 1, 2, 3, 6 —COOH rpyn y noniMepHOMY JIaHIIOTY
Fig. 10. Positions of 1, 2, 3, 6 -COOH groups in the polymer chain.

TakyM 4YMHOM, i0HOOOMIHHI B/IACTMBOCTI
6iomoniMepiB pOCMHHOTO IOXO/KEHHS 3Y-
MOBJIEH] HasABHICTIO KapOOKCM/IbHYIX IPYII JIO-
MIIIOK (BUXiflHa CMPOBMHA) Ta BIACHE ILIETIO-
no3u (xiMiuHO 06po6IeHNIT MaTepian).

3Ba)karouy Ha 0OMEXKEHUIT BMICT JOMIIIOK,
IO MICTATH TPYNM, 3haTHI 1O ioHHOrO 0OMi-
HY, cOpOIiliHa €MHICTh BMXiZHOI pPOCIMHHOI
CUPOBMHM 3a KaTiOHaMM MeTaliB € JOCUTb
HusbKow. Hanpukinag, mis Heo6pobeHoi 6a-
BOBHI €MHICTD 3a ioHamu Ni** gocsrae nuiie
0.4 mmonb 1t [78].

Budanenus mokcuuHux ioHie i3 600HUX PO3-
UUHIB

3Ba)Ka4y Ha Te, L0 JIOMIIIKY, SAKi IpU-
CyTHi Yy POCIMHHIN CUPOBMHI, Ta OKMCIE€HA
11e/II0/103a MICTATh KapOOKCYIIbHI IPyIy, Taki
HeyHKI[iOHa/Mi30BaHi Marepiany MOXXHa BM-
KOPMCTATH TiZIbKM B POJIi KaTioHiTiB. [I14 Ha-
OAHHA IM aHIOHOOOMIHHOI 3[ATHOCTI 3acTO-
COBYIOTb IIPMITOM, AKWII MONATa€e y QyHKIIio-
HaJri3alii MoBepxHi B/IacHe Lenono3n. [nmmit
niaxip nonArae y mopmdikyBaHHI HeopraHid-
HIMM iOHiTaMM, 30KpeMa 3 HaCTYITHOI (QYHK-
nioHasni3alieo moBepxHi Moagudikaropa. Mo-
nugikaTop GYHKI[IOHATI3YIOT i /IS OCWIIeH-
H: KaTiOHOOOMIHHOI 3JaTHOCTi KOMIIO3MUTY.

Tak, mocmimkeHo cop6uito karioniB Ni*,
Fe** ta Cu’** Ha 6aBOBHAHIN 1eM0103i, PYHK-

https://ucj.org.ua

1jioHami3oBaHoOI rifpokcamoBumu =NOH Tta
cynbdorpynamu  —SO,H. Mopudikysanus
3[IMICHIOBANM TICIAA OKUCIEHHA L0031
NalO,. BcranosneHo, mo cop61iitHa piBHOBa-
ra JJoCATaeTbCs YIponoBx 15 xB (BuxigHa 6a-
BOBHA) Ta 5 XB (pyHKIiOHA/TI30BaHA 1]e/TI0JIO-
3a). QyHKIIioHai3a1]is TOBEPXHI IPU3BOJAUTD
110 30i/IbIIIEHHA EMHOCTI y 3 pa3yu MOPiBHAHO 3
BUIXIJHMM MaTepiajioM.

Ina supanenns ionis Cu®* ta Cr** i3 Boj-
HUX PO3YMHIB BMKOPVCTOBYBa/IM IIKapalyIry
apaxicy [79]. TlonepenHs mifroroBka mojsra-
JIa JIIIIe Y IPOMMBAHHI 6i0cOpOeHTy rapsa4oro
BOJIOI0, OT>Ke, BOHA He Ilepefibadasia II0BHE BI-
JTy4eHH: IOMIIIoK emono3n. OcKinbku cop6-
LiflHa 3[aTHICTb 3yMOBJ/IEHA CITAaOKOKICIIOT-
HUMJ KapOOKCWIBHVMMU TPyHaMy JOMILIOK,
TO 3poctanHa pH Bix 2.5 o 5 npusBopuio 1o
36ipIIeHHs eMHOCTI Y 3 pasu. [Ipu mosyBaHHi
copbenty 0.5 r 1M~ Ta BUXIiIHill KOHIIEHTpaIii
ionis 100 mr M~ (pH 5) piBHOBara BCTaHOBITIO-
€TbcsA ynpoznosx 10—15 XB, Ipu 11bOMY CTYITiHb
BurydeHH: pgocsarae 70 (Cr’*) ta 90 % (Cu™).
Kinernuni kpusi cop6buii MopenomwTbcs piB-
HAHHAM IICEBJIO JIPYTOro IMOPAAKY. 3HalijieHa
3 isorepmu JIeHTMIOpa MaKCMMajIbHa €MHICTb
cranoButh 0.39 (Cu?*) Ta 0.56 (Cr’*) mmonb
r!. Benmmunna, sHaiigena g ionis Cu?', 3a-
JIMa€ MPOMi>KHe ITOJIOKEHHS M>K 3HaUeHHAMI,
OTPUMAHVMM TPV BUBYEHHI COpOLii LuX iOHIB
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muctamu Manro (0.25 mMonb 1) [80] Ta co-
Hamuuka (1.4 mmons rt) [81].

MakcumanbHa €MHICTD HIKipOK alle/IbCUHY
3a iomamm Pb** cranoBurh 1 Mmonb r! [82].
[ToniepeHbO JOMIIIKY 3 LE/TFONIO3U BUNAJISIIN
€TaHOJIOM Ta JIY)KHUM PO3YMHOM, Haflami Iie-
mo7no3y (yHKI[iOHaIi3yBa/mu KCAaHTOTeHyBaH-
HSIM 33 CXEMOIO:

R-OH+5=C=5+NaOH—-R-OCS Na+H,O. (2)

€MHICTb HeyHKIIIOHa/NTi30BaHOI IIeo-
JI03M  aleIbCMHOBMX IIKIpOK CTaHOBM/IA
0.43 mmonb 1. BeraHoBneHo, mo npu pH>3
copOrjiliHa €MHICTh MaiDKe He 3MiHIOETHCS
31 3HIDKEHHAM KUCIOTHOCTI po3umHy. Bap-
TO 3a3HAYNUTY, WO Ipu copbuii ionis Pb** i3

0.0005 M cmabKOKMCINX PO3YMHIB (HO3yBaH-
Hs1 COPOEHTY CTAaHOBWIO 5 T M), CTyIeH] ix-
HbOTO BWIYYEHHS BiJIpI3HAIOTHCA HECYTTEBO
UL BUXiTHOTO Ta (YHKIIIOHATi30BaHOTO Ma-
Tepiany. Bsarami, mopAgoK BeNVYMH €MHOCTI
3a IBO- Ta TPU3APANHUMMY iOHaMM JI/IA Pi3HUX
6i0COpOEHTIB POCTMHHOTO MOXO[KEHHS CTa-
HOBMTB 0.1 MMonb 1! (Tabn. 3). Lenronosy fe-
SAKUX HMIKiJIMBUX POC/IVH, TaKUX, HAIPUKIIAZ,
Ak BopsHuit riauuHT (Eichhornia crassipes),
TaKOXX IIPOIIOHYIOTb Ha PO/Nb 6iocopOeHTiB
[83]. Ame masi 06’e€Mu TaKOi pOCTIMHHOI CUPO-
BJHU 3HAYHO OOMEXYIOTb 1i IIepCIIeKTUBY BU-
KOPMCTAHHS SIK COPOEHTY ab0 CKIafoBOI IS
KOMITO3UIIiIITHOTO COPOILiiiHOrO MaTepiaiy.

Tabnug 3
Table 3.
€MHicTh 32 ioHaMu MeTaiB Wi KesIKux 6iocopOeHTiB
Metal ion capacity for some biosorbents.
BiocopbenT Ion XimiuHe 06po6IeHHA €MHicTD, INocunanna
MMOJIB I
JTronepHa Ni** Tigponis y my>xnomy posunni  0.27 [84]
Cr’* 0.43
Caro Pb* - 0.22 [85]
Cu* 0.19
BopsiHa mamopotb Pb* - 0.45 [86]
MIxipku moniB manro  Pb** - 0.48 [87]
Cd* 0.62
Kmux onmsok Pb** Tigponis y my>xkHomy posunni  0.08 (88]
Cu* 0.06
Cd* 0.07
Kykypynssui Bucisku ~ Pb* - 0.69 [89]
YKom nyxposoi Pb* MopudixyBaHHs 1.50 [90]
TPOCTUHMI Cu eTV/IeHaMiHOM Ta 2.00
TpUETUIEHTETPAMiHOM g
Cd* 2.18
52 ISSN 2708-129X. VKp. Xim. XypH., 2022
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[ToBepxHio memtonosu, sxka mictutb —OH
TPYIN Y LIe/TI0I031, 1eTKO PYHKIIiOHATi3yBaTH
y iHIIi Tpyny KaTiOHHOI 4M aHIOHHOI IPUPO-
IV 3a/1eKHO Biff moTpe6bm [91]. dynkuionari-
3allif, HaNpMKIIaJ, aMiHOTpymamy, 30i/1blrye
BE/INYVMHY EMHOCTI Ha TIOPS/IOK (uB. Ta6I. 3).
3ampoNoHOBAaHO BUKOPVCTOBYBATH IIE/TIONIO-
3y 3 rpynamu 8-rigpokcuxinominy [92]. Leii
Marepiajn JO3BO/ISE BUAAINTYU 31 CTaOKOKOH-
LIEHTPOBAaHOTO PO34YNHY O/mM3bKOo 97% He-
OpraHiyHux ioHiB, Takux sk Cu**, Zn*", Fe’*,
Ni**, Co*", Cd** Ta Pb*" mna BusHadeHH: IX
METOJJOM IIOJIyM sIHOI aTOMHOI abcop6uiitHol

N
e
HiC N -t
| o® |
H.C cl CH,

CIIEKTPOMETPIl y KUCIOMY Ta HETPaJbHOMY
cepenoBuinax. CopO1iitHa EMHICTb CTAHOBUTD
0.09-0.63 mMmonb L. Mo,umbiKOBaHy L1eJII0JI0-
3y MOXXHa IIOBHicTIO pereHepyBatu 1 M pos-
4MHY COJIAHOI 260 a30THOI KMCTIOTH.
BcraHoBneHO, 1O /IMCTA 4YallHOTO fepeBa
mic/ist 06pO6IeHHsT TapsiI00 BOJIOI0 MTOTTIMHAE
He Ti/IbKY HeopraHiuHi ionn [93], a it opraniu-
Hi KaTiOHHI 6apBHI/IKI/I, Taki IK MeTW/IEHOBUII
cuHin [94]: emuicTh gocsrana 300 mr rl. Bu-
KOPVICTaHy KaBOBY I'ylly 6y/I0 3aCTOCOBAHO SIK
copbeHT Ha GapBHMK peMason JiaMaHTOBMUI
O/TaKUTHNIL, EMHICTD cTaHOBMIA 232 Mr 1~ 1[95].

0] NH
20\\/,0

Puc. 11. BapBHUKM MeTU/IEHOBMIT CHHIlT (a)n Ta peMasor fiaMaHTOBuUI OmakuTHM (6)
Fig. 11. Dyes methylene blue (a)n and remazol diamond blue (b).

CopbeHTamu [yisi BWIydeHHs OapBHUKIB
MOXYTb Oy TV IPUPOAHi MaTepiany Ha OCHOBI
PMCOBOTO JIYLINMHHSA, a/IbIiHATY Ta KApOOKCH-
MeTU/IbOBaHOI memono3n [96]. bapBHuku
e(eKTVBHO MOITIMHA/IICA TaKVMM MaTepiasa-
MU TC/IA TepMOOOPOOIeHHs U1 00pOOIeHHS
BMXi/IHOTO PMCOBOIO JYIINVHHA peareHTaMu
(HCl, H,SO,, HNO,, NaOH rompo). B ycix
BUITaJIKaX €MHICTh cTa”HoBmma 10—30 mr rl.
OTxe, I MPAaKTUYHOTO BMKOPUCTaHHA BKa-
3aHUX COPOEHTIB BapTO BPAaXxOBYBATV €KOHO-
MiYHY JOLI/IbHICTB.

BapTo 3asHaunTy, 1mo B poii cOpOeHTIB
MO)XHa BUKOPMUCTATU ¥ JOMIIIKM LIEI0IO3M.

https://ucj.org.ua

Tak, 3 000/I0HOK Ha/IBMOBMX TOPiXiB MOXHA
OTPMMATV HAHOYACTUHKM JITHIHY y BUITIAA]
cdep piamerpom 138+39 HM, BUKOPUCTOBYIO-
Y)Y KUCIUI BOGHMI pO34MH TeTparigpodypa-
Hy [97]. JlirHiH y moeHaHH] 3 XiTO3aHOM 371aT-
HII TOT/IMHYTH 83% Bifi TOYAaTKOBOI Ki/IbKO-
cTi GapBHMKA METIMIEHOBOTO CMHBOTO 3 Heil-
Tpa/JbHUX PO3uMHiB. MakcuManbHa copOIiii-
Ha €MHICTb CTaHOBUTbH 74 MT I'!, mpolec Imo-
IJIMHAHHA eHjoTepMiuHuit. KoMnosur, Axuii
MICTUTP CaMe HaHOYAaCTWHKY JITHiHY, OyI10
MIOPiBHAHO 3 YMCTUM XiTO3aHOM Ta KOMIIO3M-
TOM Ha JIOr0 OCHOBI, KM MICTUB YaCTUHKN
NiTHIHY MiKpOHHUX po3MipiB. KoMmosur, 1o
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BK/IIOYA€ HAHOYACTMHKY, NEMOHCTPYE BUILY
eMHicTb. B inTepBani pH 3-9 npu spocranHi
KOHILIEHTpaIlil cOTbOBOT0 (HOHY e(eKTUBHICTD
BUJaNIeHHA OapBHUKa 3pocTae (y piukoBii
BOMIL — 6apBHI/[I( IIOI/IMHAETbCA MEHIIE, HDK y
BOJJOIIPOBIi/IHIN, @ B AVICTU/IbOBAHIN BOJI — 111e
MeHIIIe).

Takox /17151 OunMIleHHA BOAY MOXKHA 3aCTO-
COBYBATH J1 reMilemono3y. B fesakux po6orax
Bifil3HA4YeHO, IIIO 11 3JaTHICTh BUTAIATU 3a-
OpynHIoBayi He ripia 3a 1emono3y [98].

Y pobori [25] mkapanyma Bif senp Ta
Kipka 6aHaHiB Oy/IU JOCIiKeHi K copOeH-
TU Ha CHOMYKM apceny. [impokcunbHi rpymnm,
IpUCYTHI y 6aHAHOBIN MIKipIi, € copOIiliHM-
MI LIEHTPaMM Ha apCeHaT-MIOHN. AJie IEBHUM
HeZIOTIKOM 3aCTOCYBaHHS iX AK COPOEHTY € Te,
mo BuMipsiHa MetoioM BET momra noBepxHi
6aHaHOBOI IIKipKK ckmajjae 6m3pKo 0.4 M?/T.

HedynxkijionanizoBany 1je/o703y LIKip-
K1 6aHaHiB O6y/I0 HOCTIIKEHO 5K COPOEHT Ha
apceHar Ta apceHir ioniB [99]. IlokasaHo, 1m0
CTYIiHb BU/Iy4YE€HHA 10HIB IPAKTUYHO He 3aJle-
*)unthb Bif pH posunny i nepesumrye 90%. Ha
XKaJb, Y pobOTi He HaBeleHO YMOBM COPOIIil
(mo3yBaHHs COPOEHTY, CK/Iaj] PpO3YMHY TOILO),
a TaKOX CIocib crHTe3y MaTepiany Ta itoro
CKJIaf,.

IInsaxom (byHKuiOHa)Ii:-;auil' LEJTI0/I031
MO>KHA HagaTy 111 i aHiOHOOOMIHHMX B/IACTH-
BoCTell. Tak, Ha OCHOBI LI€/IIOJIO3U 3 COTOMU
KYKYPYyZ3U OTPMMAaHO KOMIIO3MLIHUI COp-
OeHT i3 MarHITHUMU BIaCTUBOCTAMYU, 5IKi 3a-
OesrevyBay YaCTMHKY MarHETUTY, OCaJKeHi
y nopax [100]. ITonepenHpo 1jentono3y QpyHK-
IioHaTi3yBaMy aMiHOIpynaMy MLIIIXOM 00-
pobneHHs emnixnoprigpuHoM, N-N-pumeTni-
dbopmamifom, TpueTUIeHTeTPAaMiHOM Ta TPU-
MeTmnaMiHoM. COpOeHT 3aTHUI MOIMHATA
dbocdar- Ta xpomar-aHionu 3 Bogu. Makcu-

54

MaJsibHa copOuiitHa eMHicTh 3a docdar-ioHn
cranoBuTb 40 Mr ! 3a 25 °C, Ha XpoMaT-aHio-
HU — 285 mr 1. 3a 30i/1bIIeHHA TeMIlepaTypu
no 35 °C eMHicTb BigHOCHO (pocdariB 3MeH-
HIyeThCs 10 37.5 MT I'!, BITHOCHO XpOMaTiB —
3poctae mo 322 mr r'. KoMmosut micTuth
6m3pko 0.98 mac. % Fe, micna Tppox nmxiis
copO1jisi — pereHepariis 1jeil MOKa3HUK 3MeH-
mryerbca 7o 0.1%. JIoriyHo mpumycTuTy, 1o
IpY HACTYIHMX IMK/IAX copOuil — mecop6buii
3ajiso Oyme 71 Hajjami BUMMBATUCA 3 00’€eMy
KOMITO3UTY.

Y migcymky Tpeba 3asHauMTH, IO JUIA
HaJJaHHA POC/IMHHIN LEII0N031 MifABUIIEHOL
3IaTHOCTi 40 BUa/JIeHHSA 10HHUX AOMIIIOK i3
BOJJHUX PO34NHiB, HEOOXiHOI € PyHKIJiOHa-
nisauia Ii MOBEpPXHi Ta BBENEHHA HEOPTaHiy-
HUX 4YacTMHOK. OKpiM MiiBUIEHOI €MHOCTI,
Taki mpuitomy 3a6e3nevyIoTh 1ie i JOZATKOBY
rigpodinisanito MaTepiasaiB pOCIMHHOIO IO-
XOIPKeHHA. BpaxoByroun oOMexeHMIT TepMiH
BUKOPUCTAHHS TaKMX COPOEHTIB BHACTi[OK
ixHbOI bioferpaganii Ta Jerpajanii mig BIUm-
BOM pereHepylouux pos3uuHiB, clif 6patu 1o
yBary €KOHOMIYHY [OLIIbHICTh IIPOLIECIB 3a
ixHboM0 y4yacTio. CKOpilll 3a BCe, JOLI/IBHUM €
crHTe3 610cOpOeHTIB, KNI He ITepeboavae 3a-
CTOCYBAaHHS KOIUTOBHUX Pe€areHTiB Ta CK/Iaf-
HJIX CIIOCOOIB CHHTe3Y.

BVICHOBKI. IlepeBaroto 6iocop6eHTiB
POCIIMHHOTO ITOXOJ)KEHH € IeNIEBM3HA Ta JI0-
CTYIIHICTb BUXIJTHOI CMPOBMHIU, KA ABJIAE CO-
0010 BiIXOAM [Jis/TBHOCTI arpoIpOMUCIOBOTO
KOMIIIEKCY. Ha/laHHA 11e110/1031 POCIMHHOTO
MOXO/PKEHHA TMX a0 iHIINX BIaCTUBOCTEN
(migBumienoi rigpodinbHOCTI IA  copOuii
ioHHUX JOMIIIOK Ta TifpodoOHOCTI — /1 BU-
[laJIeHHs HeIIO/IAPHNX BYIVIEBOJHIB i3 BOmM)
nepenbavae pyHkLioHami3anixo i moBepxHi Ta
CMHTe3 KOMIO3UTIB. Y 6aratbox poborax 3a-
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IIPOIIOHOBAHO 3aCTOCYBAaHHA fAK OCHOBHU 0io-
copOeHTiB caMe HeKapOOHI30BAHOI 11€/TI0/TO3 M.
Ile mO3BOIAE YHMKHYTM TepMOOOpOOIeHH
POC/IMHHOI CMPOBMHM 32 MiJBUILEHUX TeMIIE-
paTtyp Ipu BifICYTHOCTi KICHIO, IKe 3a3BMYall
3aCTOCOBYIOTH ITpM KapOoHi3arii.

Cnip 3a3HaYUTH, 1O [AOLINMbHICTD 3aCTOCY-
BaHHs TUX 260 iHIIMX COPOEHTIB BU3HAYAIOTD
30KpeMa MOXK/IMBICTIO IXHBOTO 6araTopaso-
BOTO BUKOPUCTaHHA. Y BUNAKY L€I0I03HIX
6iocopOeHTiB Taka MOXIUBICTb € IpoOie-
MaTMYHOIO, OCKIZIbKM IXHS OCHOBA Jjerpajye
B arpecMBHOMY CE€pPEIOBUIL pereHepyr4nx
posunHiB. OTKe, Taki COpOEHTU € OfHOPA30-
BUMU: IXHIil CMHTe3 Ma€ BiffOyBaTmcs 3a Mak-
CUMa/bHO CIPOLIEHOI0 MPOLEAYPOIO i3 3acTo-
CYBAaHHAM SKOMOTa JiellIeBIINX PeareHTiB.

BopgHowac mpm 3actocyBaHHi Mopmdiko-
BaHUX TifipodoO6HUX 6i0cOpOeHTIB i BU-
faneHHs HadTH i HAQTONPOAYKTIB i3 BOZHMX
IIOBEPXOHb, MOX/IMBOIO € pereHepallisi cop-
OeHTiB MeXaHIYHUM MIIIXOM, TOOTO Oe3pe-
areHTHUM crocobom. lle Hamae MOXKIMBICTD
6araTopasoBOro BUKOPUCTAHHs 6i0COpOEHTiIB
3 OJJHIEI CTOPOHM, Ta AKOMOIa IOBHOIO BU-
JIy4eHHs1 LIHHUX IPOAYKTiB — copOoBaHMX
BYIJIEBOJIHIB. Y LIbOMY BMIIQJIKy JOLIIbHUM
€ MozinikyBaHHA 1[eII0TI03M /I HaJaHHSA 1i1
rifpooOHNX BIACTMBOCTEN i3 3aCTOCYBaH-

HSM Oi/IBII CK/IQIHUX TIPOLIEAYP.

@ mxeTHOi Temn «Po3po6meHHs MeMO-
paH, MogMQiKOBAaHNX KOMIIO3UTAMMU

Ha OCHOBi momiMepiB i3 HeopraHiYHIMM

rigpodinisyrounmMn Ta aHTHMOaKTEepiaTbHU-

MU K006aBKaMIu, JIA BITyYeHHA TOKCUIHIX

i MiHHNMX KOMIIOHEHTIB i3 BOJHMX pPO34M-

HiB», Jep)XaBHMIl peecTpaliiiHuili HoMep:
0122U001235.

Po6oTy BUKOHAaHO B MeXKaX eprKOro-
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SORBENTS BASED ON NON-CARBONIZED VEGE-

TABLE RAW MATERIALS

Y. Kolomiiets, Yu. Dzyazko

Institute of General and Inorganic Chemistry
V.I. Vernadsky National Academy of Sciences of
Ukraine

*e-mail: kolomiyetsy@gmail.com

A literature analysis was conducted with
sources that describe non-carbonized plant
materials (in particular, cellulose from various
plants and its derivatives) as sorbents for toxic
ions (Cr’**, Cd?**, Cu**, Pb*, Ni*, etc.) and or-
ganic compounds, including oil products. The
advantage of plant-based non-carbonized raw
materials and sorption materials based on
them is the ease of obtaining them from cheap
and available plant materials (often from ag-
ricultural waste), while the absorbed oil pro-
ducts can be separated from such sorbents by
pressing, and the sorbents can be reused. The
disadvantage is a different composition, de-
pending on the region of growth. The use of
inexpensive materials as a matrix for a com-
posite sorbent makes it possible to widely use
such material for post-cleaning and/or as the
main method of cleaning aqueous solutions for
consumer needs. In particular, the addition of
finely dispersed inorganic compounds (in par-
ticular, graphene oxides) and organic modifi-
ers to non-carbonized plant material for func-
tionalization of its surface was analyzed.

Surface modification gives the sorbent hyd-
rophobic properties and/or results in a com-
posite sorbent having a higher sorption ca-
pacity (compared to unmodified sorbents) in
relation to target pollutants. The study authors
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suggest using fatty acids, zinc oxide, polysiloxa-
nes, trimethylamine and other compounds as
modifiers. The impact of the porous structure
of cellulose on its properties as an element of
a composite sorbent is also considered. The
presence of functional groups in plant materi-
als, in particular in biopolymers, allows them
to be used as cheap anion exchangers. To in-
crease the number of ion-exchange groups, the
authors of the research suggest functionaliz-
ing the surface, which leads to an increase in
the number, for example, of sulphatic groups,
which in turn increases the ion-exchange ca-
pacity of such an ion-exchange material or a
composite based on it.

When using modified hydrophobic bio-
sorbents to remove oil and oil products from
water surfaces, it is possible to regenerate the
sorbents mechanically, i.e. without reagents.
This provides the possibility of multiple use of
biosorbents on one side and the possible com-
plete extraction of valuable products — sorbed
hydrocarbons.

Keywords: non-carbonized plant material,
sorption, nanoparticles, composite sorbent.
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