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New hybrid materials were synthesized based on meteacroacetophenate neodymium (I11)
and erbium (lI1) and polyhedral oligomeric sissesquioxane POSS formula
C24H72CIsNgO1,Sig. A warehouse has been put in place for a new synthesis. The position
of the bands in the IR spectra indicate the formation of a hybrid structure of the compo-
sition POSS-[Ln(mphpd)s]4. The shape, position, displacement and splitting of the spec-
tral bands in the electronic spectra and diffuse reflectance spectra indicate the passage of
the processes of complexation and the formation of complexes of non-cubic symmetry
with coordination number 8. The shift of the bands of supersensitive indicates both addi-
tional coordination of nitrogen atoms of the silsesquioxane molecule and some defor-
mation of the coordination polyhedron, which is due to steric difficulties. The results of
EDX analysis, the method of dynamic light scattering and microphotographs are con-
sistent and indicate the nanodispersity of the obtained systems.
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nanosystems.
INTRODUCTION High luminescent materials are growing ewvery year:
characteristics of lanthanide compounds mechanical stability, chemical inertness,
have been of interest to researchers for many  thermal stability, high emission

years in a row. [1-4]. Oxides, salts and
complexes of lanthanides intercalated into
polymer matrices, hybrid systems, homo-
and copolymers based on monomeric metal
complexes are used as precursors of
luminescent materials. Each of these areas is
relevant. Howewver, the requirements for

characteristics, etc. None of the existing
materials can fully meet the requirements.
Therefore, there is a need for targeted
synthesis of such compounds and the
establishment  of  composition-property
correlations. Previous studies [5, 6] have
shown the possibility of targeted synthesis of
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compounds with high emission
characteristics. Obtaining homopolymers on
the basis of monomeric metal complexes
allows not only to obtain chemically
homogeneous materials, but also to increase
the efficiency of luminescence tenfold. On
the other hand, the possibility of obtaining
copolymers based on industrial monomers,
such as styrene, vinylcarbazole, methyl
methacrylate allows to influence the
properties and change them by adjusting the
ratio of metal complex: monomer. It was
found that the luminescence intensity,
surface morphology and stability of the
material depend on the structure of the
industrial monomer. Howewver, due to the
volume of organic monomer molecules, they
can shield the emitting centers while
reducing the emission intensity. In addition,
polymers are prone to agglomeration with
the formation of globular structures.
Therefore, another approach to obtaining
functional nanomaterials is of interest,
namely the synthesis of hybrid structures
based on metal complexes. The role of the
matrix is to form a spatial structure, and the
complex has special properties. Fixation of
complexes on the matrix can occur in two
ways. For example, due to the physical
interaction of components by precipitation,
spraying, sorption,  microencapsulation,
dispersion, etc. complex on the media. In
this case, the functional component is
usually linked to the matrix through physical
interaction. In the formation of organo-
inorganic materials with different
morphology as an organic matrix often use
mesh  polymers, in which inorganic
components act as fillers dispersed in
polymers. To obtain such systems use sol-

gel technologies [7], which allow to obtain
materials with nanodispersed inorganic
phase at the molecular level. The materials
formed by this method are polydisperse in
size and heterogeneous in chemical
composition, which of course impairs their
properties [8]. In another wvariant, the
complex is fixed by covalent bonds. At the
same time, a careful selection of both the
ligand and the matrix comes to the fore.
Functionalized polyhedral oligomeric
silsesquioxanes (POSS) are proposed as a
matrix. Hybrid materials based on POSS are
quite easy to synthesize, they hawve high
thermal and optical properties. One of the
current directions in the creation of organo-
inorganic is the selection of methods for
obtaining nanostructuring agents that are
able to be covalently attached to the matrix
at the molecular level. This approach allows
you to purposefully synthesize materials
with different ratios of components and
influence the properties of the final product
[9-11]. Octahedral POSS of the general
formula RgSgO,, [12-14] seem to be
especially promising compounds for the
creation of hybrid organo-inorganic systems.
Such molecules consist of a central
inorganic nucleus of cubic shape with a size
of ~ 1.5 nm and organic substituents R with
various reactive groups, which allows for
further modification of these compounds.
For example, the inserting into such systems
of compounds with luminescent properties
can increase the emission characteristics. In
[15] it was shown that the inserting of
nanoparticles into the POSS promotes the
growth of electroluminescence in the blue
region of the spectrum, despite the fact that
the obtained material is not a chemical
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interaction but the intercalation of
nanoparticles in the POSS matrix. The use of
hybrid structures as materials allows to
increase the thermal stability of materials
[16-18] due to the formation of chain or
mesh structures, reduce emission quenching
processes and sensitize luminescence due to
additional covalent bonds that act as
additional linkers.

Since the molecules of the compounds
that attach to the surface of the matrix set the
properties of the materials, it is paramount to
study the properties of such compounds and
compare them with the properties of hybrid
systems based on them. Previously,
complexes of a number of lanthanides with
methacroylacetophenone have been
synthesized and described [19, 20]. Their
structure and spectral-luminescent properties
have been studied. The use of these
compounds as precursors of hybrid systems
is relevant. Therefore, this study is based on
the synthesis, establishment of the structure
and properties of the system composition
POSS-[Er(mphpd);], and POSS-[Nd
(mphpd);]..

EXPERIMENT AND DISCUSSION OF
THE RESULTS. Synthesis of Ln (lll)
complexes with methacroylacetophenone
(mphpd) was performed by the interaction of
metal salts and mphpd sodium salt at a molar
ratio of 1: 3 and pH = 8-8.5 in aqueous
solutions, a detailed method of synthesis
presented in paper [21].

POSS with the formula
C,4H7,ClIgNgO4,Sig was purchased and used
without  further  purification.  Hybrid

materials were obtained by direct synthesis
by the interaction of POSS and B-diketonate
complexes of neodymium (1ll) and erbium

(1D in a mixture of CHCI;-C,HsOH in a
ratio of 1: 4, respectively. The synthesized
compounds were investigated by elemental
analysis, FTIR, electron and fluorescence
spectroscopy, thermal analysis, dynamic
light scattering and electron microscopy
(SEM).

The hydrate composition of the
complexes and their thermal characteristics
were determined by the DTA method.
Thermograms  were recorded on a
derivatograph Q — 1500 ° D of the system F.
Paulik, J. Paulik, L. Erdey in the temperature
range 20 - 500°C with a heating rate of
5°C/min. in a platinum crucible in the
presence of a carrier (anhydrous Al,O5;).

IR spectra were recorded on a Specord
M80 spectrometer in the range of 400-4000
cm™ in KBr pellet.

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

The excitation and luminescence
spectra of solid complexes were recorded on
a spectrofluorimeter Fluorolog FL 3-22,
Horiba Jobin Yvon (Xe-lamp 450 W) with a
light filter OS 11, with their subsequent
adjustment taking into account the radiation
distribution of the xenon lamp and the
sensitivity of the photomultiplier tube. The
InGaAs (DSS-IGA020L, Electro-Optical
Systems, Inc, USA) photoresistance was
used as a radiation receiver for the IR region
when cooled to liquid nitrogen temperature.

The method of dynamic light scattering
was used to determine the particle size of
complexes dissolved in dimethylformamide
at 25°C with Zeta Sizer Malvern.

Microphotographs were recorded on a
scanning electron microscope (SEM) Tescan
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Mira 3.

The results of EDX analysis indicate a
uniform distribution of the metal in the
hybrid material. The content of elements
(ww,%) in the sample is: carbon 44.35,
nitrogen 4.26, oxygen 37.37, sodium 0.42,
silicon 11.93, neodymium 1.67.

In the IR spectra of the synthesized
hybrid materials in the range of 400-650
cm*® there are oscillation bands that
correspond to the valence oscillations of the
bonds (Ln-O) and (Ln-N) and the
deformation oscillations of the chelate ring.
The decrease in intensity compared to the
spectra of Ln(mphpd); complexes is due to
the appearance of valence oscillations of the
Ln-N bond and steric difficulties that arise
when the complex coordinates to the sizable
siloxane molecule. The presence of
additional bands in this region indicates both
the unevenness of the bonds in the metal
cycle and the appearance of additional
oscillations corresponding to the oscillations
of the deformation of the Si-O bond (500
cm™, 660 cm™). An additional intense broad
band appears in the IR spectra, which is
characterized by fluctuations in the valence
of the Si-O-Si siloxane bond with a
maximum of 1050 cm™. The presence of a
wide absorption band in the range of 1500
1700 cm™?, characterized by valence
oscillations of v (CO) and v (CC), confirms
the bidentate-cyclic coordination of f-
diketonates [22]. The wide band with the
highest  frequency (~1540-1660 cm™)
includes the superposition of lines consisting
of symmetric valence oscillation (C==:0),
valence  oscillation C=C bond, v,
asymmetric valence oscillation (C--==C) and
deformation oscillations of the amino group.

Fig.1 IR-spectra Nd(mphpd)s (1),
POSS-[Nd(mphpd)s]s (2)

Thus, the shape and position of the

bands in the IR spectra indicate the
formation of a hybrid structure of the
composition POSS- [Ln(mphpd);]..

The absence of bands corresponding to
the valence vibrations of water molecules
suggests that the coordination of complexes
to amino groups occurs due to the
substitution of water molecules in the
complexes.

The results of thermal analysis indicate
the absence of water molecules in the
obtained materials and high stability of
hybrid structures. The stability of hybrid
systems is proportional to the stability of
metal polymers, which indicates the
chemical  rather than intermolecular
interaction of siloxane molecules with [3-
diketonate complexes.

In the electronic absorption spectra of
the studied systems, there are bands n—n*
of ligand transitions and bands f-f transitions
of lanthanide ion, which are part of the com-
plexes. If in the absorption spectra of the
solutions there is a small shift in the maxima
of the absorption bands, it indicates the
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Tablel
Assignment of lines in diffuse reflectance
spectra of neodymium compounds

Table2
Assignment of lines in diffuse reflectance
spectra of erbium compounds

" 3+ POSS- o 3+ POSS-
Transition | Ndag™" | Nd(mphpd)s NdLs Transition Er Er(mphpd)s ErLs
4 4
4, P 23064 23055 20920 4|15,2_> (311,2 26585 26309 26525
o weak hso>CG op7a0 24520 24600
lop—*Gop 19560 19520 19531 “Fon
MNop—*Gypp 19157 19050 19065 NisptFsp 22378 22270 22173
4 4
19%8) Gs2, 17360 17168 17240 s> Fp 20709 20538 20530
712 4 4
419/2—)4Fgf2 14720 14700 14727 4|15/2—> 4H11/2 19334 19190 19250
Nop—*Frp 13513 13400 13420 e S 122&73(2) i?égg ﬁggg
Mopo'Hep 12594 12470 12480 527> For
substitution of water molecules in the water molecules by the sizable POSS
immedi ate coordination environment  molecule.

without a significant change in the geometry
of the coordination polyhedron [23].

In the spectra of hybrid systems, a
stronger splitting of the spectral lines
corresponding to supersensitive transitions is
observed in comparison with similar bands
in the electronic spectra of complexes
(Fig.2).

Thus, the absorption band corresponding to
the transition *lg;, — °Ss “Fyp, is split into 3
components, the absorption band
corresponding to the transition *lg;—"Fsy, is
split into 4 components, which indicates the
non-cubic symmetry of the ligand field and
slight deformation of the coordination
polyhedron of hybrid structures, compared
with metal complexes (Table 1). In the

[POSS-[Nd(mphpd);]s spectra, the
absorption band corresponding to the
Yop—>Py,  transition is  difficult to

differentiate due to the shift of the charge
transfer band due to the replacement of

The half-width of the supersensitive
transition *lgs—*Gs,, °Gyp, is (-310 cm™) and
(+270 cm™), the band contains a split
shoulder, which probably indicates a high
symmetry of the ligand field, but a
significant deformation of the coordination
polyhedron. The shape and position of the
bands in the electronic spectra and diffuse
reflectance spectra of POSS- [Nd (mphpd);]4
corresponds to the coordination number 8
[24]. The ratio of the intensities of the
absorption bands in the region of
supersensitive transitions in the spectra of
the crystalline sample at 12480 cm™
(4|g/2—)4H9/2+4F5/2) and 17240CM_1
(*loz—°Gy1p+Gspp) for POSS-[Nd(mphpd)s]s
is 0.83, while for Nd(mphpd); - 0.57, and for
the aquacomplex - 1.12, which suggests a
decrease in symmetry in the case of a hybrid
system compared to the original metal
complex and an increase compared to the
aquaion.
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Fig.2 — Diffuse reflectance spectra POSS-
Er(mphpd); (@)and POSS-Nd(mphpd)s (b)

The shape and position of the bands in
electronic spectra and diffuse reflectance
spectra practically do not differ, which
indicates a similar structure of compounds in
solution and in the solid state. In the
electronic spectra and diffuse reflectance
spectra of Er(11l) complexes, a set of bands
corresponding to erbium ion transitions from
the *I,s, ground state is observed. The bands
"lisp;—>"Hi1pp (520 1v) and *lisp—'Gyypp (377
nm) are the most sensitive to changes in the
ligand field (Table 2). As can be seen from

the table, the bands are shifted compared to
metal complexes in the short-wavelength
region, which indicates the deformation of
the coordination polyhedron due to the
coordination of the volume molecule of the
polyhedral oligomeric silsesquioxane. It
should be noted that compared to the bands
of the aquaion there is a slight long-
wavelength displacement. Thus, hybrid
systems occupy an intermediate position in
symmetry between aqua and metal
complexes.

The shape, position, displacement and
splitting of the spectral bands in the
electronic spectra and diffuse reflectance
spectra indicate the passage of the processes
of complexation and the formation of
complexes of non-cubic symmetry with co-
ordination number 8. Thus, the presence of
insignificant displacements of the absorption
bands indicates the invariance of the
coordination environment and the geometry
of the coordination polyhedron for metal
complexes and hydride systems based on
them. The shift of the bands of
supersensitive transitions in comparison with
the spectra of metal complexes indicates
both additional coordination of nitrogen
atoms of the silsesquioxane molecule and
some deformation of the coordination
polyhedron, which is due to steric
difficulties. According to the set of data
from thermal and spectroscopic studies, the
structure of the obtained hybrid material can
be represented as follows (Fig. 3)

The method of dynamic light scattering
shows that the studied systems are
polydisperse with a uniform distribution of
the dispersed phase in the dispersion
medium.

ISSN 2708-129X. VKP . XIM . JXYPH ., 2020, T. 86, No 6 79



0.S. Berezhnytska, N.B. Ivakha, O.O. Rohovtsov, O.K.Trunova

0
O\o
HN ]
‘.'K./-Si\\ /0
. Si
i O—ho— T |
g ﬁ e %Si
i 0 L\
2 NH, M,

Fig.3 — Approximate structure of the hybrid
based on POSS-MPOSS[Ln(mphpd)s]a

The predominant particle radius is 20
nm, such particles in the system 97%. In the
case of monocomplexes, the particle size
was in the range of 30-50 nm. Obviously,
the formation of hybrid systems reduces the
dispersion of particles, which may be due to
the high dispersion of silsesquioxanes,
which in turn contributed to changes in
surface morphology, shape and size of
nanoparticles.

The analysis of microphotographs
confirms the conclusions made on the basis
of the method of dynamic light scattering
and testifies to the nanodispersity of the
obtained systems. Microphotographs of
hybrids (Fig. 4) differ significantly from
previously studied monomeric, metalpo-
lymeric and copolymeric compounds. In
microphotographs of metal-polymer and
copolymer powders, spherical particles were
clearly distinguished, and depending on the
structure of the industrial monomer (styrene,
vinylcarbazole) their  size differed

significantly, for compounds based on

SEM HV: 10.0 kV
View field: 3.00 ym

WD: 14.95 mm
Det: SE
SEM MAG: 144 kx

WD: 14.93 mm
Det: SE

SEM HV: 10.0 kV
View field: 20.0 ym
SEM MAG: 21.7 kx

Fig.4 — SEM- Microphotographs of hybrid struc-
tures powder (a) and film (b) [POSS-
Nd(mphpd)s]n
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methyl methacrylate was characterized by
the formation of a spongy structure [5, 18].
In the case of hybrid systems, we observe
significant differences from the previously
studied monomeric, metal-polymer and
copolymer compounds. Surface morphology
also corresponds to amorphous systems,
howe\er, this is the only similarity. Loose,
spongy, layered homogeneous structure is an
intermediate between monomer complexes
and metal polymers based on methyl
methacrylate. Microphotographs of the film
indicate the absence of aggregation. It is
known that POSS molecules can be
chemically integrated into the structure of
the polymer matrix due to the interaction of
reactive POSS groups with functional groups
of monomers, oligomers and polymers that
form the polymer matrix [25]. The same
happens in the case of coordination of POSS
molecules thr functional groups to metal
complexes (Fig. 4). The difference between
microphotographs of films and powders is
due to the different morphology of the
surface.  Films  were obtained by
precipitation  of  solutions  with a
concentration of 5-10™M.

If in the case of powders there is a
slight agglomeration, then this process is
absent in the films, due to both the degree of
dilution of the solutions and the stabilizing
effect of the bulk molecules of polyhedral
oligomeric silsesquioxanes.

Thus, the results of EDX analysis, the
method of dynamic light scattering and
microphotographs are  consistent  and
indicate the nanodispersity of the obtained
systems. The main idea of the study was to
obtain materials with high luminescent
properties, so the study of luminescent

characteristics was of considerable interest.
For effective luminescence, the energy
difference between the triplet lewvel of the
ligand and the singlet level of the lanthanide
ion should be in the range of 2500-3500
cm®. Therefore, for the experimental
determination of the energy of singlet and
triplet levels in the studied p-diketonate
complexes, the fluorescence and
phosphorescence spectra of gadolinium-
containing compounds were studied, which
allowed to calculate the energies of triplet
levels [26].

Studies have shown that for the Er(llI)
ion the energy of the singlet level is 18600
cm™, so the difference between the singlet
and triplet level is low, is in the range of
1100-2000 cm™, which explains the low
luminescence efficiency Er(mphpd);. It is
known that functionalized POSS molecules
are able not only to show luminescence, but
also to enhance luminescence in the blue
region. Howewer, studies have shown that
the luminescence intensity of POSS-
[Er(mphpd)s]s, as well as the metal complex,
is low, which indicates that the main
contribution to the emission is the
coordination fragment (Fig. 5). The expected
sensitization effect was not observed, which
IS due to both energy dependence and
shielding of the radiating center by the bulky
POSS molecule.

In contrast to erbium complexes, for
neodymium compounds the luminescence

intensity is quite high (Fig. 6). The
luminescence spectrum of POSS-
[Nd(mphpd)s], consists of three bands

corresponding to the transitions from the
excited level of the Nd(lIl) *Fs, ion to the
base level multiples *I, (878 and 898 nm),

ISSN 2708-129X. VKP . XIM . JXYPH ., 2020, T. 86, No 6 81



0.S. Berezhnytska, N.B. Ivakha, O.O. Rohovtsov, O.K.Trunova

’em.

1600 4

1400 4

1200 - POSS-[Er(mphpd),],

1000
80 Er(mphpd),

600

T T T T %
1500 1520 1540 1560 A,NM

Fig. 5. Luminescence spectra of Er(l11)
compounds

1112 (1062 nm) and “l;3, (1333 nm). The
absence of band splitting, which corresponds
to the transition “Fs,—*lyy,, indicates a
fairly high symmetry of the complex and the
presence of a single coordination center. The
transition band *Fs;,—*lg), is split into two
components, which indicates non-cubic
symmetry of the ligand field. As can be
seen, the maxima of the transitions are
slightly shifted to the long-wawelength
region, but the band of the most intense
transition “Fz,—"ly,, is practically not
shifted, which indicates the same
coordination environment of the central ion
in both compounds. As can be seen from the
figure, the luminescence intensity of POSS-
[Nd(mphpd)s], is 10 times higher than for
neodymium methacrylacetophenoate (111).
Thus, obtaining hybrid systems based on
coordination compounds of lanthanides
(Nd(II), Er(I1)) allows to obtain materials
with high luminescent characteristics.
CONCLUSIONS. In  this  work
synthesizes new hybrid systems based on the

[
‘em 4 4
20000+ P e
— POSS-{Nd(mphpd) ),
100004 4, 4
Faf?— lsvz
50004
4 4
Far™ lian
0 Nd(mphpd), /\
900 1000 1100 1200 1300 A,nm

Fig. 6. Luminescence spectra of Nd(I1)
compounds

[-diketonate complexes of lanthanides and
polyhedral  oligomeric  silsesquioxanes,
which allows to increase the thermal and
chemical resistance of materials. The
composition and structure of the synthesized
compounds are established. It is shown that
the replacement of water molecules in the
coordination environment of lanthanide
complexes by POSS functional groups
allows to obtain hybrid materials for special
purposes. It is established that the structure
of the coordination polyhedron c.a. it does
not change, but only slightly deforms.
Analysis of microphotographs and the
method of dynamic light scattering indicate
the formation of nanosystems with particles
of about 20 nm. Microphotographs of the
films indicate the stabilizing effect of POSS
molecules, which prevents agglomeration. It
is shown that these complexes exhibit high
luminescence intensity, which allows their
use as precursors of luminescent materials.
The presence of a large number of emitting
centers allows to offer these compounds as
markers for the protection of securities.
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Hogi ribpuani marepianu Oyiau CHHTE30BaHi Ha
OCHOBI MeTakpoinanerodenoary neoaumy(lll)
ta epoiro (I11) Ta momiepanbHOTO 0J1iIrO MEPHOTO
cunceckBiokcany (POSS) zaranbHoi Qopmynu
C24H72ClsNgO12Sig. Beranosiieno ckian ta Oy-
JIOBY CUHTe30BaHuX cnoayk. B IY-cmekrpax
CHMHTE30BaHMX  TiOpUIHUX  MaTepialiB B
nianazoni 400—650 cM ' HpUCYTHI CMyTH KOJH-
BaHb, IO BiANOBITAIOTH BaJCHTHHM KOJIMBAaH-
Hasm  38’s3kie (Ln-O) 1 (Ln-N) Ta
ne popmMall iTHUM KOJINBaHHSIM XEJIaTHOTO
KUTBIIS. 3HMOKCHHS IHTEHCUBHOCTI IMOPIBHSAHO 31
cnekrpamu komiuiekcis Ln(mphpd)s o6ymosiie-
HO MOSIBOIO BAJIGHTHUX KOJMBaHb 3B's3Ky LN-N

Ta CTEPUYHUMHU TPYIHOILIAMH, SIKI BUHHUKAIOTH,
NPy KOOPJWHAIIT MOJIEKY/IH cujiokcany. B IU-
CHEKTpax 3'ABISETHCS JOJATKOBA IHTCHCHBHA
IMpOKAa CMyra, XapakTepHa I BaJIEHTHOTO
KoiuBaHHs 3B's3ky Si-O-Si 3 makcumymom 1050
cml. HasericTs HIMPOKOI CMYIU IIOITIMHAHHS B
miamasoni  1500-1700 cm™,  minTBepmKye
OiMEeHTAaTHO-TUKITYHY KOOPMHAIII0 B-
nukeroHariB. Takum umHOM, ¢opma Ta IOJO-
KeHHsS cMyr B [Y-cnekrpax BKa3yloTh Ha YTBO-
pEeHHS riopuaHoi CTPYKTYpH POSS-
[Ln(mphpd)s]s. Dopma, monoxkeHHS, 3MIMICHHS
Ta po3uenieHHs crnekrpanbHux cMyr B ECII ta
EC/IB cBimuuTh HpO NPOXOPKEHHS MPOIECIB
KOMIIJIEKCOYTBOPEHHS Ta OJIEPKAHHS KOMILJICK-
ciB HekyOiuHOi cumetpii 3 K.YU. manTtaniny 8.
HasiBHiCTP HE3HAYHUX 3a BEJIUYUHOI (IO
ZOOCM'l) 3MIIEHb CMYT TIOTJIMHAHHS CBITYUTH
PO HE3MIHH ICTh KOOPJMHAIIHHOTO OTOYEHHS Ta
reoMerpii KOOpAMHALIMHOrO MOMieApy A
KOMIIJIEKCIB METaJIiB Ta TIOPUIHUX CHCTEM Ha iX
OCHOBL 3MIIEHHS CMYI HaJ4YTJIIUBUX TEPEXO-
JIB MTOPIBHSAHO 31 CHEKTPAMU METAJIOKOMILIEKCIB
JWINe BKa3ye Ha JOAAaTKOBY KOOPIMHAIIO aTo-
MIB a30TYy MOJICKYJIH CHUJICECKBIOKCAHY Ta JCSIKY
nedopmaiiro KOOpAUHAIIHHOTO TOMieApY, IO
00OyMOBJIEHO CTEpUYHUMH TpyaHou@mu. Pe-
synbrati EDX ananBy, Merogy AMHaMI4HOTO
pO3CiIHHS cBiria Ta MikpodQoTtorpadiii nodpe
Y3TO/DKYIOTBCSI T4 CBiT4aTh MPO HAHOIUCIIEpC-
HICTh OTPUMAHUX CHUCTEM.

KnmodoBi1 c 0B a: KOMIJIEKCH, TIOpUIH1
CTPYKTYpH, JIOMIHECIIEHTHI Marepiaiu, emicisd,
HaHOCHCTEMH

CUHTE3 U UCCJIEJOBAHUE JIAHTAHU/I-
COJIEPYKALLIIMX T'MBPUJITHBIX MATEPUA-
JIOB HA OCHOBE MOJIDJIPAJIBHBIX
OJIMTOMEPHBIX CWJIICECKBUOKCAHOB

A.C. Bepe)KHI/ILIKaﬂl'Z*, H.B. UBaxa® 2, A.A. Po-
rosuos’, EK. Tpysosa®
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HoBrwie rubpuansie MaTepuasbl ObUIM CHHTE3H-
pOBaHBI Ha OCHOBE MeTaKpoujameTrogeHoata
Heoauma(Ill) u »pbus (III), a Tarxxke mommda-
pPaJIbHOTO  OJIMTOMEPHOTO  CHJICECKBHOKCaHa
(POSS) 0611.[6171 (I)OpMyJILI C24H72C|8N80128i3.
VYCTaHOBIIEHO COCTaB M CTPOEHHUE CHHTE3UPO-
BaHHBIX coequHeHuil. B UK-cnekrpax cunTe3u-
POBAHHBIX THOPHIHBIX MAaTEPUAIIOB B JHANa30He
400-650 cm ' mpucyrcTByrOT monocsl kone6a-
HUM, KOTOpbIE OTBEYAIOT BAJICHTHBIM KOJieOaH -
sm cBsizerd (LN-O), (Ln-N) u nedopmMaimoHHbIM
KoJieOaHUsIM  XelaTHOro Konblia. CHMKeHue
WHTEHCHBHOCTA TIO CPaBHEHHUIO CO CIEKTpaMHu
komruiekcoB Ln(mphpd)s oOycioBieHo mosiBiie-
HUEM BaJIeHTHBIX Kosiebanuit cBsizu LN-N u cre-
PUYECKUMU TPYAHOCTSMH, KOTOPhIE BO3HUKAIOT
npu KoopauHaimu criiokcaHa. B MK-crekrpax
ruOpHU0B MPOSIBJISIETCS JOTMOJHUTENbHAS HWH-
TEHCHBHAs IIMPOKAs MOJIOCA, XapaKTepHas s
BaJICHTHOTO KoyieOanus cBsi3u Si-O-Si, ¢ mak-
cumymoM 1050 cmt. Hammdme mmpokoii moso-
chl B auanasone1500-1700 cm™ moxrBepkaaet
OMJICHTATHO-IIMKINYECKYI0 KOoOpAMHANuio -
nuKeToHatoB. Takum obpasom, dopma U 1MOJI0-
xenne nonoc B MK-crekpax yka3pIBaroT Ha 00-
pazoBanue THOpHAHOW  cTpykTyphl POSS-
[Ln(mphpd)s]s. Dopma, mosnokeHuEe, CMEIIEHHE
U paciienjeHue crnekrpaibHbiX mojoc B CII u
OCHO cBUIETENBCTBYIOT O MPOXOKIACHUHN TPO-
I[ECCOB KOMIIJIEKCOOOPa30BaHUsI U MOJy4eHUHU
KOMIIJIEKCOB HeKyOmueckoi cummerpun ¢ K.Y.
naHTaHuga 8. Hanuuue He3HAYUTENBHBIX 110
BeIUYUHE (110 2OOCM'1) CMEUICHUM 10J0C I0-
IJIOIICHUST CBUICTEIBECTBYET O HEHM3MEHHOCTH

KOOPAUHAIMOHHOTO OKPY)XE€HUSI U T€OMETPUHU
KOOPAMHAIIMOHHOTO ITOJIMA/IPA ISl KOMITJIEKCOB
METAJUIOB U TUOPUAHBIX CUCTEM Ha MX OCHOBE.
CMeleHne MMOJI0C CBEPXYYBCTBUTEIBHBIX TIEpe-
XOJIOB IO CPaBHEHHUIO CO CHEKTPaMH MeTaJlIo-
KOMIIJICKCOB YKa3bIBACT JIMIIbL HA JOINOJIHUTCIIb-
HYIO KOOPIMHAIMI0 aTOMOB HUTPOT€HA MOJICKY-
JBI CHIJICECKBHOKCAHA M HEKOTOpyro nedopma-
U0 KOOPJAMHALMOHHOTO IOJHU3Ipa, 00YyCIOB-
JEHHYI0 CTEpUYECKUMH TPYAHOCTSAMH. Pe3ymb-
tatel EDX anammsa, Meroma QUHAMHUYECKOTO
paccerMBaHus CBeTa M MHKpooTorpaduii Xxo-
pOIIO COTJIACYIOTCS U CBHJIETENBCTBYIOT O Ha-
HOJIMCIIEPCHOCTH MOJYYEHHBIX CHCTEM.

KnwoueBbie ¢0Ba KOMIUIEKCH, THOPHUI-
HBIE CTPYKTYpHI, JTIOMUHECIIEHTHBIE MaTepUabI,
9MUCCHS, HAHOCUCTEMBI.
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