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A procedure has been developed for the synthesis of a zinc complex with chelating li-
gand 3-(2-pyridyl)-5-(3,4,5-trimethoxyphenyl)-1,2,4-triazole. Within the framework of
the density functional method, with the B3LYP functional in the SBKJC basis, the equi-
librium geometry of the ground electronic state of the ligand molecule and zinc complex
was determined. The physicochemical properties of the ligand were also characterized:
logP = 4.1:0.1, pK'y = 3.3140.05, pK=10.2+0.1, €”~1-10° I mol*-cm™. It was shown

that complexation is accompanied by an increase in fluorescence

intensity, for the

complex A*Mnax = 458 nm.  The absorption spectrum of the complex is characterized by
two bands with maxima at 278 nm (e2® = 1.3:10* I'moI'*-cm?) and 322 nm (¢*% =

1.2:10* I'mol™*-cm ™).

Keywords: 1,2,4-triazole, zinc, fluorescence, DFT.

INTRODUCTION. The study of coor-
dination compounds of zinc with chelating
ligands is relevant in the context of the de-
velopment of fluorophores — compounds
for measuring the distribution and con-
centration of metal ions in biological sys-
tems [1]. Of the variety of currently avai-
lable organic reagents that are used for fluo-
rescence determination of microquantities of
Zn?* ion, hydrophobic reagents low sensitive
to changes in the acidity of the medium over
a wide pH range with high values of molar

extinction coefficient and quantum yield are
the most interesting [2—4].

In our opinion, the previously obtained
[5] 3-(2-pyridyl)-5-(3,4 5-trimethoxyphenyl)-
1,2,4-triazole (HL) seems to be a promising
fluorophore reagent for the quantitative de-
termination of zinc ions, because it can meet
all of the above requirements. The fluores-
cence properties of this ligand, like most
natural compounds that are derivatives of
pyrogallol, are due to the rigidity of the
structure and the presence of three electron-

© D.N Khomenko, R.A. Doroshchuk, V.S.Starova, l.V.Raspertova, O.V.Severinovskaya,
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donor groups in the phenyl substituent [6, 7].
Additionally, the use of the 3-(2-pyridyl)-
1,2,4-triazole system as the chelating part of
the ligand molecule makes it possible for its
complexes to be in the deprotonated form,
which increases the stability of the latter [8].

This paper presents the synthesis and
study of the physicochemical properties of a
zinc complex compound based on 3-(2-
pyridyl)-5-(3,4,5-trimethoxyphenyl)-1,2,4-
triazole.

EXPERIMENT AND DISCUSSION OF
THE RESULTS. For the synthesis of com-
plexes, Zn(CH;COO), (Merck) was used. 3-
(2-pyridyl)-5-(3,4,5-tri-methoxyphenyl)-
1,2,4-triazole was prepared according to the
previously described procedure [5] from 2-
cyanopyridine and 3,4,5-trimethoxybenzoic
acid hydrazide .

Zn,(L),6CH;OH. To a solution of
Zn(CH3;C0O0), (0.091 g, 0.5 mmol) in 10 ml
of CH;OH a solution of HL (0.312 g, 1
mmol) in 50 ml of CH;OH was added. With
slow crystallization for two days at room
temperature, colorless crystals precipitated
from this solution. They were filtered off,
washed with methanol and dried in air. The
yield of Zn,(L),6CH;OH was 76 %. Calcu-
lated for C;oHgsN160:5Zn, (%): C 53.6; H
5.4;N 14.3. Found: C53.8; H5.8; N 14.2.

NMR spectra were recorded on a Va-
rian Mercury 400 instrument (400 MHz). To
measure the chemical shift in the PMR spe-
ctra, the central signal of the residual protons
DMSO-dg (6 = 2.503 ppm) was used as a
secondary standard in DMSO-dg.

When studying the properties of HL and
the zinc complex based on it, their working so-
lutions were prepared by dissolving the corres-
ponding exact weights in dimethyl sulfoxide

(DMSO0). This organic solvent was of spectro-
scopic purity (Merck).

The study of the acid-base properties of
the ligand was carried out by potentiometric tit-
ration using a pH meter (pH-340) with a glass
electrode ESL-43-07. Titration of the proto-
nated form of 3-(2-pyridyl)-5-(3,4,5-trime-
thoxyphenyl)-1,2 4-triazole was carried out
with a standardized NaOH solution in a mix-
ture of water-DMSO (®ppo:pmso = 10:90). Ba-
sed on the pH metric titration curves in Hy-
perquad 2000, the values of the formal dissoci-
ation constants of this ligand were calculated.

The ligand distribution coefficient in the
(logD;,) water-octanol extraction system was
determined at pH 7.4 (phosphate buffer) using
the formula logD, ,=C,/C,. The ligand con-
centration in the aqueous phase (C,,) was deter-
mined spectrophotometrically by addition tech-
nique, registering the optical density at the ma-
ximum of the absorption band; and the ligand
concentration in the octanol phase was deter-
mined by the difference in the substance con-
tent in the solution before extraction and the
C,,. Distribution constant was calculated by the
formula; logP= logD; 4 + log?;4(1+10PKaPH),

The complexation of the ligand with
Zn?* ions was studied spectrophotometrically.
The ligand and complex spectra were rec-
orded using a 2800 UV/Vis spectrophotome-
ter (Unico, USA). The comparison solution
was DMSO-water (opo:mpmso =10:90), the
thickness of the cuwvette was 1 cm.

The fluorescence spectra of HL so-
lutions and its complex were recorded using
LS 55 luminescent spectrophotometer (Per-
kin—-Elmer, UK) at optimal wawelengths se-
lected for each compound minus the back-
ground of the solvent. Spectra were recorded
in the wavelength range from 200 to 800 nm.
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The frequency of data collection was 0.5 nm.
The error in determining the wawelength of
the maximum fluorescence intensity did not
exceed 1 nm. The sizes of the cuwette, exci-
tation and emission gaps were 1 ¢cm, 10 and
20 nm respectively.

MALDI mass spectra were obtained at
the CCDU of Chuiko Institute of Surface
Chemistry of the National Academy of Sci-
ences of Ukraine by the method of mat-
rixless laser desorption/ionization using the
“Autoflex 11” device (Bruker Daltonics,
Germany). The experiments were carried out
in the reflex mode of positive and negative
ions registration in the mass range 0-1500
m/z. For mass spectroscopic experiments,
aliquots of 1 ul of methanol solutions of the
studied compounds with a concentration of
1 mg/ml were applied to a standard steel
substrate and left to dry completely, after
which they were placed in the working area
of the device. Data was processed using Flex
Analysis software (Bruker Daltonics, Ger-
many).

The equilibrium geometry of the stu-
died compounds in the singlet electronic
state was optimized by the density functional
method (DFT) using the B3LYP hybrid
functional [9, 10] in the SBKJC basis [11].
All calculations at the DFT theory level we-
re performed within the framework of the
Firefly v.8.1.1 software package [12].

3-(2-Pyridyl)-5-(3,4 5-trimethoxyphe-
nyl)-1,2,4-triazole is characterized by high
hydrophobicity (logP = 4.1+0.1) and is prac-
tically insoluble in water, therefore, further
study of its physicochemical properties were
carried out in water—-DMSO medium (®yyo:
opvso = 10:90). Based on the obtained tit-
ration curves of this ligand in a water—

DMSO solution, it was found that the ex-
ponent of its first formal dissociation con-
stant (pK';) is 3.31+0.05. This value is res-
ponsible for the dissociation of protonated
nitrogen in the pyridine ring. Dissociation of
the N-H in triazole fragment occurs in a
strongly alkaline medium at pH > 10 (the
found value of pK’, = 10.2+0.1).

A2
HL

T T T T T
260 280 300 320 340
A, HM

0,6 -
0,4
0,24

ML,

0,0 4

T T T ] T
240 260 280 300 320 340
A, NM

Fig. 1. Absorption spectrum of 3-(2-pyridyl)-5-
(3,4,5-trimethoxyphenyl)-1,2,4-triazole and its
complex with Zn?*. C=1-10° M, pH 2.5. (top
— experimental, bottom - calculated).

The absorption spectrum of 3-(2-py-
ridyl)-5-(3,4,5-trimethoxyphenyl)-1,2,4-tri-
azole is characterized by one intense band
with a maximum at 275 nm, which corres-
ponds to m-m* transitions inside the ligand
chromophore system (fig. 1). The molar ex-
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tinction coefficient of the ligand is &*”°

~1-10° I'mol *-cm ™. The complexation of

322
A

0,12

0,08 4

0,04 4

T
0,0003
c.,M

T T
0,0001 0,0002

log(A,/Aqg-Ay)
-0,2 4

0.4

-0,6 4

084

T T T T
-5,1 -5,0 -4.9 4.8
logCy

Fig. 2. Graphical determination of the compo-
sition and stability of the complex 3-(2-pyridyl)-
5-(3,4,5-trimethoxyphenyl)-1,2,4-triazole with
Zn (Ilb) by the equilibrium shift method. Czn+ =
5:10°M, Cy=0-3-10*M, pH 2.5. The linear
regression equation: log(Ax/Ac—Ax) = (8.9+0.5) +
(1.9+0.1)-logCy; r*=0.987, where A, is the op-
tical density at a given point of the saturation
curve, Ao is the optical density at which full
binding of the central ion to the complex is
achieved, C._ is the total concentration of the lig-
and.

3-(2-pyridyl)-5-(3,4,5-trimethoxyphenyl)-

1, 2,4-triazole with Zn®* ions is accompani-
ed by a slight bathochromic shift of this
band (AX =4 nm) and the appearance of an-
other absorption band in the long-wa-

velength region of the spectrum A, =
322 nm (fig. 1), which appears due to elec-
tron transfer from the ligand to the central
ion. The molar absorption coefficients of
these bands are: ¢*’® ~ 1.3-1'mol*:cm™ and
22~ 1.2-10* I'mol "¢, respectively.

In the absorption spectrum of the li-
gand, calculated in the vacuum approxima-
tion, there is one absorption band with a
maximum at 268 nm. In the calculated ab-
sorption spectrum of the zinc complex, two
bands are observed at 270 and 318 nm. It
should be noted that the calculated curves of
the absorption spectra in the form of inten-
sity agree well with the experimental data.

Using the equilibrium shift method, it
was shown that in the presence of an excess
amount of ligand in a DMSO-water solu-
tion, a coordination compound with M:L ra-
tio of 1:2 is formed (fig. 2). The logarithm of
the stability constant of this complex is ap-
proximately 8.9+0.5.

The fluorescence spectra of the HL so-
lution in DM SO show an intense band with a
maximum at 454 nm, and in the excitation
spectrum — at 294 nm (fig. 3).

|
600 -
400 -

200 +

3(')0 " 4(|)0 560 AHM
Fig. 3. Excitation (1-3) and fluorescence (4-6)
spectra of solutions of ligand (1, 4) and complex
(2, 3,5, 6) in DMSO-water. Ciigang = 3:10" M
(1,4), Complex (M) =1.5-107 (2,5), 3-107 (3, 6).
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Fig. 4. The mass spectrum registered in MALDI
(@) and the calculated (b) isotopic pattern of the
molecular ion [Zny(L)s]

Also, a slight bathochromic shift of the
fluorescence spectrum of the complex with
respect to the ligand fluorescence spectrum
(AX =4 nm) is observed. The maximum flu-
orescence intensity of the complex in the ex-
citation spectra is observed at 287 nm, in the
emission spectra— at 458 nm.

In the mass spectrum of the zinc com-
plex, a small number of low-intensity peaks
with masses of 218, 334, and 396 Da are ob-
served. The peak at 334 Da corresponds to
the formation of a quasimolecular ion for-

med by a ligand molecule and a sodium ca-
tion [HL+Na]". In addition, in the mass spec-
trum there is a more intense peak with a
mass of 1061 Da (fig. 4). The isotopic pat-
tern corresponding to this peak indicates the
presence of two zinc atoms and three ligands
in the molecular ion — [Zn,(L);]". The pre-
sence of such a molecular ion in the mass
spectrum indicates that the complex con-
tains a binuclear fragment, which with a
most likely has the composition Zn,(L)s,.

The *H NMR spectrum of the stu-died
coordination compound in the DMSO-dg so-
lution has a number of features that distin-
guish it from the ligand spectrum (fig. 5).
First, in the spectrum of the complex there is
no signal of the triazole proton, as well as
signals of the methyl group protons from the
acetate ion.

S WV

a7 |!{1‘ i

2

15.014.013.012.011.010.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 20 1.0 0.0

Fig. 5. 'H NMR spectrum of HL (1) and
Zn(L)4s6CH3OH (2) (spectra measured in
DMSO-dg). The arrow indicates the signal of
the a-pyridine proton

This indicates that the ligand is includ-
ed in the complex in deprotonated form, re-
sulting in the formation of a molecular com-
plex. The second difference is a noticeable

ISSN 2708-129X. YKP . XIM . XXVPH ., 2020, .86, No 6 69



D.N. Khomenko, R.A. Doroshchuk, V.S. Starova, 1.V. Raspertova, O.V.Severinovskaya, R.D.Lampeka

broadening of proton signals in the *H NMR
spectrum of the complex, compared with the
spectrum of an uncoordinated ligand, which
is typical for zinc complexes with deriva-
tives of 3-(2-pyridyl)-1,2,4-triazole and,
most likely, is due to complex lability [13].
Thirdly, the signal of the a-pyridine proton
in Zn,(L),6CH;OH is at 8.4 ppm, while in
HL the signal of this proton is at 8.7 ppm.
The difference in 0.3 ppm means the coordi-
nation of the ligand through the nitrogen of
the pyridine ring. Based on the foregoing, we
can make an unambiguous conclusion about
the bidentate-chelate coordination of the
ligand by zinc ion.

! Y
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@ 4 c ” u\c/c
o N § 5—®
H ‘ /“\ €,
c c N
2 c o c
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Fig. 6. Equilibrium geometry of 3-(2-pyridyl)-5-
(3,4,5-trimethoxyphenyl)-1,2 4-triazole (1) mo-
lecule and anion (2) calculated using the DFT
method with B3LYP functional in SBKJC basis

It should be noted that methanol proton
signals are also present in the *H NMR spec-
trum. Based on their integrated intensity, the
results of CHN analysis and the results of
mass-spectrometric studies for the resulting
complex, we can propose the following com-
position — Zn,(L), 6CH;OH.

The calculation of the ligand ground
state structure by the DFT method showed
that the calculated geometry agrees well
with the experimental data of X-ray diffrac-
tion analysis [14]. Fig. 6 shows the cal-
culated equilibrium configurations of HL
and L. For the ligand and its anion, the to-
tal energies of the molecules were calcu-
lated, which amounted to —187.1293 a.u. and
—186.5783 a.u. Based on these data, the en-
ergy of deprotonation of the ligand is
0.551 a.u (1446.65 kJ/mol).

Based on the assumption of binuclear
structure of the zinc complex, the equilib-
rium configurations and total energies for
particles (Zn(HL),)** (E = 600.0003 a.u),
ZnL, (E = -599.2812 a.u) and Zn,L, (E =
= —1198.5947 a.u) were calculated (fig. 7).
Dimerization energy according to the for-

mula AE= Z Efull(reaction products) — 2 Efull(reagents)
is —-0.0323 a.u (-84.79 kJ/mol).

It is known that the HOMO energy de-
scribes electron-donor properties, while the
LUMO characterizes electron-acceptor pro-
perties. The HOMO-LUMO orbital schemes
for the ligand and inc complex are pre-
sented in fig. 8. In the ligand, the electron
density of the HOMO is localized on 3,4,5-
trimethoxybenzene and partially triazole
fragments. At the same time, LUMO is lo-
calized on pyridine and partially triazole
fragments. A similar picture is observed for
the complex. The difference is that the
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Fig. 7. Equilibrium geometry (Zn(HL),)** (3), ZnL, (4) and ZmyL4 (5) calculated using the DFT
method with the B3LYP functional in the SBKJC basis. (Hydrogen atoms and methoxy groups for 5

are not shown to simplify the figure)

localization of electron density is observed
in two ‘“separate” ligand molecules. The
widths of the energy gaps for the ligand and
complex are 3.73 and 3.31 eV, respectiely.

HBMO . ST

P , b{’ T - & ..““}pf‘:
g oC :'.,"g‘éb b o
A

3.73eV 331eV

' PR
?v \ - 9 1 4 ¢ ,:‘».'0,:,":. 4 t.
O “,’M | g AECAASL 3™
: B3MO

Fig. 8. Diagram of the boundary molecular or-
bitals for L and ZnyL4

Based on the totality of the obtained da-

ta, we proposed the structure of the Zn,(L),

6CH;OH complex in which the ligands are
in bidentate-chelate coordination and only
two of them are bridged:

Solv R/Ngqﬂ\\
\ | NN ,
N., «N-N., N NN A EJ/\\’\\R
‘ R. —N,Z]l\N s R f\/’# k\/)\ 4
N 0
\N’R Solv

CONCLUSION. It was found that 3-(2-
pyridyl-5-(3,4,5-trimethoxyphenyl)-1,2 4-
triazole is a highly hydrophobic ligand,
which in a wide pH range (4-10) is in mo-
lecular form, characterized by high molar
absorption coefficient and intense fluores-
cence. As aresult of the complexation of this
ligand with zinc ions, a bidentate chelate com-
plex Zn,(L),6CH;OH is formed, which also
exhibits intense fluorescence at A" . =
~458 nm. Based on the density functional
method, the equilibrium geometry of the
ground electronic state of both the ligand
and the zinc complex is determined. Such
physicochemical properties of the ligand and
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its complex with zinc confirm the prospects
of using 3-(2-pyridyl)-5-(3,4,5-
trimethoxyphenyl)-1,2,4-triazole as an ana-
Iytical reagent for determining the trace
amounts of zinc ions.

CUHTE3 TA JOCJIJDKEHHS BJIACTH-
BOCTEM KOMIIJIEKCY IIMHKY 3 3-(2-
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Po3po0i1eHO0 METOANKY CHHTE3y KOMILIE K-
Cy LHHKYy 3 XelaryouuM JraggaoMm 3-(2-
nipumn)-5-(3,4,5-tpumetokcu penin)-1,2,4-
TpuaszosoM. MeronoM (yHKIIOHANTY TYCTHHH 3
¢ynmionanom B3LYP B 6asuci SBKIC BuszHa-
YEeHO PIBHOBAKHY I'€OMETPiI0 OCHOBHOTO EJICK-
TPOHHOTO CTaHy MOJEKYJIH JiraHay Ta KOM-
INIEKCY LHMHKY. TakoX OXapakTepH30BaHO
¢i3uko-xiMiuHi BiacTUBOCTI Jsiranay: logP =
4.140.1, pK'1= 3.31 £0.05, pK5=102+0.1, £ =
1-10° n-moms Trem ™, Ilokazano, 110 KOMIIIEKCO-
YTBOPEHHSI  CYHPOBOJUKYETHCS  30UIBIICHHSAM
IHTEHCUBHOCTI (JIYOpeCUeHIll, Ui KOMILIEKCY
A" max <458HM. CHeKTp HOITIMHAHHS KOMILIEKCY
XapaKTePU3YETHCS JBOMA CMyraMH 3 MaKCHMY-
mamu mipr 278 uM (628~1.3-10% 1-momp Lrem )
Ta 322 um (3%~ 1,2:10% 1-momp -em™).

KnwodgoBi caosa: 1,24-tpuasoin, MUHK,
dyopecieHItist, Teopis QyHKIiOHATY.
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Pa3paboTana MeTouKa CHHTE3a KOMILIE K-
ca IUHKA C XCNATHPYIOIMM JUraHaom 3-(2-
nupum)-5-(3,4,5-tpumerokcupennn)-1,2,4-
Tpua3ojoM. B pamkax meroma ¢yHKIHMOHANIA
TIOTHOCTH, ¢ (yHKInoHaiom B3LYP B 6a3uce
SBKJC, ompezneneHa paBHOBECHas I'€OMETpUs
OCHOBHOTO 3JIEKTPOHHOTO COCTOSHUS MOJICKYJTBI
JUTaHIa U KOMIUIeKca IUHKA. Takke oxapakre-
pU30BaHbl (PH3UKO-XUMUUYECKUE CBOWMCTBA JIWTA-
upa: logP=4.1+0.1, pK\= 3.31+0.05, pK',=
10.2+0.1, £2P= 1-10° n-momp oMt Ilokazano,
YTO KOMIUJIEKCOOOpa30BaHUE COIMPOBOXKIACTCS
YBEIIMYCHUEM WHTCHCUBHOCTH (UTyOpPECICHIIHH,
s xkommuekca A°"ma= 458 HM. CriekTp Tor-
JOUICHUS KOMIIJIEKCA XapaKTepU3yeTcs ABYMS
IIOJIOCAMHM C MakCUMyMamu Iipu 278 HM (32782
1,3-10% nmomp-em™) m 322 mm (%%~ 1,2:107
Mo em™).

Knwouesbre cuaosa:l,2,4-Tpuazon, LMHK,
dyopecreHius, Teopus QyHKIHOHAIA TIJIOTHO-
CTH.
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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.

Keywords: complexes, hybrid structure, luminescence materials, emission,

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.
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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),
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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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CUHTE3 TA JOCJDKEHHST JAHTAHIJI-
BMICHUX TIBPUJIHNUX MATEPIAJIB HA
OCHOBI TIOJIEAPAJIBHAX OJITOMEP-
HUX CWICECKBIOKCAHIB
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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
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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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VY poboTi olepxKaHO HAHOKOMIIO3UTH, IO CKIaJalucsi 3 MAarHETUTOBUX YaCTHHOK,
MOKPUTHX 30JI0TOM, Ta JOCIIKEHO 3aKOHOMIPHOCT1 €JIeKTPOXIMIYHOTO BiTHOBJIEHHS
Ha HUX KUCHIO 3 JIY)KHOTO po3unHy. CHHTE3 HaHOKOMIIO3UTIB MPOBEIEHO 13 3aCTOCY-
BaHHSIM METOJIy pOTaIliifHO-KOpo3iiiHOrOo aucnepryBanHs. @opMyBaHHS YaCTHHOK KOM-
MO3UTIB BiIOyBanocs Ha IMOBEPXHI CTAJEBOrO [HCKa, IO OOepraBcs, MPHU HOTro KOHTa-
kTi 3 BogauMu posunHamMd HAUCIl, Ha moirpi. 30UTbIIeHHS BUXITHOT KOHI[EHTpAILil
AU®* B micmepciiiHOMY cepenoBHII| IPH3BEI0 CIOYATKY [0 3POCTAHHS KUIbKOCTI Kiia-
CTepiB 30J10Ta Ha MOBEpxH1 YacTHHOK Fe304, a moTiM 10 yTBOpEHHS HAaHOPO3MIPHOTO
KOMIIO3UTY TUITY sapo—o0onoHka — Fe304&Au. TlokazaHo, 1mo cyiiipHa 30510Ta 000-
JOHKa Ha IOBEPXHI YaCTUHOK MAarHeTHTy Ma€ MEHIIy KaTaJIiTH4YHY aKTUBHICTH Y
peaxiii eneKTpoB THOBIECHHS KUCHIO, HDK OKpEeMi HAaHOKIIAacTepH 30i10Ta. B pe3ymbrari
aHaJi3y OTPUMAHUX KIHETHYHUX JaHUX 3pOOJIEHO BHCHOBOK, IO PEAKIi €IEKTPO-
BIIHOBJICHHS KUCHIO Ha MOBepxH1 HaHOKOMNO3UTIB Fe304&Au € GaratocramiiiHoo i
BKJTIOYAE CTAil0 YTBOPEHHS IEPOKCHIY BOJTHIO.

Knmod4oBi1 ¢ o0Bal eneKIpoBiTHOBIECHHS KHCHIO, HAHOPO3MIPHI KOMITO3UTH
Fes04&AuU, potarliiiHO-KOpO3iiiHE AUCIICPTYBAHHSL.

BCTYII. KoMmMmno3uTu Ha OCHOBI CyIiep-
napaMarHiTHAX HAHOYACTHHOK MarHeTHTY
Fe;O4, BKpUTHUX 0JaropoJHUMH METAJAMH,
MalOTh YHIKaIbHI TUTa3MOHHI, IIUTOTOKC Y-
Hi, CynepHapaMarHiTHI Ta KaTaJliTH4HI Bia-
CTHBOCTI, 3aBJAKH SIKHM 1X ITHPOKO BUKO PU-
CTOBYIOTh SIK (PYHKIIOHAJIHbHI Marepiaiu B
O0ioTexHosorii, OlomMenmwiuHi, XiMmii, ¢Gi3w,
enepretuiii [1-6]. HaHokommoswuram, 1110
CKJIQIAlOThCA 3 YAaCTUHOK MarHeTHTY, TIOBEP-
XHSI SIKUX BKPHTA 30J0TOM Yy KJIAaCTCPHOMY
cTaHi ab0 y BUIIIAI TOPUCTOI YW IIiJIbHOT

000JIOHKH, TpuTamaHHa O0i0JIOTiYHA CyMic-
HICTh, SIKa y TIOE€THAHHI 3 CYKYTTHICTIO 1HIITHUX
BJIACTHBOCTEM BIJKPUBAE IIHPOKI MOXKJIU-
BOCTI JJI1 iXHBOTO MPAKTUYHOTO BUKOPH-
CTaHHS B TeparHocTuil [/], pamiariiiHii
Teparmi [§8], mpu JIiKyBaHHI Ta MPOQiJaKTHII
OHKOJIOTIYHUX 3aXBOpIOBaHb [9], Bizyaui-
3amii 300pakeHb MarHiTO-pe30HAHCHOI TO-
Morpadii, cemapaiii O6i0J0TIYHUX 00 ’€KTIB
[10] Tormo.

®Di3UKO-XIMIUHI METOJM CHHTE3y 000-
JIOHKOBHUX KOMTIO3UTIB HA OCHOBI MarHeTH-
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Ty, BKPUTOTO 30JI0TOM 200 CpiOioM, po3TJisi-
HyTO B HM3II ompinoBux poOit [11, 12], 3
SKUX CIIJYE, IO BIIOMI METOAH OJCPKaHHSI
TaKUX KOMIIO3UTIB HE 3aBXKIHU € KOHTPOJbO-
BaHUMH Ta BIATBOPIOBAaHUMH. TOoMYy pO3BU-
TOK HOBHMX METOJIIB CHHTE3y HAHOYACTHHOK
MarHeTUTy Ta iJb0BO1 (QPyHKINOHam3aI 1X-
HbOi TOBEpPXHI OJArOPOJHUMHU MeETallaMu
3QIHMINAETECS  aKTyalbHOIO 3amaveto [13].
OnHuUM 13 MIEPCTIEKTUBHUX METOMIB (hopmy-
BaHH OOOJIOHKOBHX HAHOKOMIIO3UTIB € Me-
TOJI POTAaIll THO-KO pO31HHOTO JHUCTIC pryBaHHs
(PKI) y cuctemax Ha OCHOBI 3ajiza abo
cranieit [14]. Ilpunuun ¢dopmyBaHHI 000-
JIO HKOBUX CTPYKTYp Y TaKHX CHCTeMaxX I'PYyH-
TYETHCS Ha 3apOJ’)KEHHI Ha MOBEpPXHi 3aji3a
a0o cTayli MEepBUHHUX YAaCTHHOK MHIapyBaTHX
HOJBIHHUX T1APOKCHIIB Fe?*-Fe* (Green
Rust), sixi 3qaTHI okucmoBarucs 3 pazoBum
NIEPETBOPCHHSIM Ha YaCTHHKHW MarHeTHTY,
0 CYMNPOBOJXYETHCS BIIHOBJICHHSIM Ha
iXHIA TIOBEpXHI OJAaropoaHUX MeETaNliB 13
aucTepciiiHoro cepenosuina [15, 16].

KoMmmo3uTn 3 MarHeTUTOBHM SIpOM Ta
000JI0HKOIO 3 0JIAarOPOJHUX METAIB TOTEH-
MWHO MOXYThb OYTH MEPCHEKTUBHUMH Ka-
TaJli3aTopaMy €JISKTPOXIMIYHUX MPOIIECIB,
30KpeMa TpOIECiB y MATWBHHUX elieMeHTax
[17]. KartomHe BimHOBJICHHA KHCHIO Ha Ha-
Hokommo3uTtax Fe;O,&Ag nmocmiaxkeHo Ha-
Mu B poOoTti [18]. MeToro 1€l poboTH €
BUBUCHHS 3aKOHOMIPHOCTEH €JIEKTpOXiMid-
HOTO BIJTHOBJICHHA KHCHIO Ha TIOBEpXHI Ha-
Hokommo3utiB Fe;O0,&AuU, oxepxkaHux i3
3acTtocyBanusiM Mmetoay PKJ[ Ha moBepxHi
ctayi npu ii koHTrakTi 3 posunHaMu HAuCly
Ha TMOBITPI.

EKCIHHEPUMEHT I OBI'OBOPEHHA
PE3VJIBTATIB. OTpumMaHHI HaHOKOMIIO-
3UTIB 13 MAarHeTUTOBUM SJPOM Ta BiJHOB-

JICHUM Ha WOTO TOBEPXHI 30JI0TOM MPOBOH-
au 3a gomnomoroto merony PKJI. Ochos-
HUMHU €JIeMEHTaMU 3aCTOCOBAHOI ISl 1bOTO
eKCTIepUMe HTaJIb HO1 yCTaHO BKH OyJu cTane-
Buil (C13) nuck, 3aKkpiIVIeHUH Ha CTEPIXKHI,
3’€JHAHOMY 3 €JIEKTPUYHUM JBHTYHOM, Ta
KIOBETa 3 OPICKJIa, 3all0BHE HA BOJJHUM PO3YH-
HOM Tetpaxiopayparaoi kuciotd (HAuCly),
SIKM{ CJIyTYBaB JHCTIEPCIHMM cepeoBHIIEM
(puc. 1). CraneBuii TUCK Ha TPETHHY BiJ HO-
ro giametrpa OyB 3aHypeHUH y II€ Cepelo-
BHIIEe 1 oOepraBcs 31 MBUIAKICTIO 2 00/XB.
[Ticna mpoxomxeHHs yepe3 AucriepciiiHe ce-
pEeIOBUINE 3MOYEHA HHUM TOBEPXHSI JHUCKa
BUILHO KOHTaKTyBajia 3 ToBiTpsaM. [logaTko-
Buii Bmict AUy aucnepciitHomy cepe-
noBuii 3miHoBanu Big 0.2 mo 10.0 mr/m.
CdopmoBaHi Mpu 1IOMY Ha TOBEPXHI JHCKa
HaHokoMmo3utn Fe;0,&Au mo3Hagamm sk
BKa3zaHo B Ta0J. 1 i BUIpoOOByBanu B KO-
CTI KaTai3aTopiB KaTOJHOTO BiJHOBJIC HHS

kucH0 3 1 M BogHoro posumny KOH.
1

2

<

Puc. 1. Cxema ycTaHOBKU JJIs1 pOTAIl iHHO-KOPO-
3IHHOTO JUCHIepPryBaHHS: 1 — cTaleBHH TUCK, 2
— CTepXKEeHb, 3 — ABUTYH 3 PEIYKTOPOM, 4 — BOA-
Huii pozunH HAuCls, 5— kioBera B oprekia.

PenrreHoazoBuit aHams3 3pa3kiB ojaep-
»kaHux HaHokommio3utiB Fe;0,&AU 3xaiiic-
HIOBAJIM Ha KOMII IO TEpH30BAHOMY U] paK-
tometrpi JIPOH-YMI1 i3 nBoma mriimHamMu
Conepa Ta (inbTPOBAaHUM BHUIIPOMIiHIOBaH-
HIM KoOanmpTOBOro anoga CoK,.
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TaOnunusa 1

MMo3uayenns HanoxkommosurtiB Fe;0,&AU,
chopMOBaHMX HA MOBEPXHi CTAJEeBOro auc-
Ka, o o0epraerbesi i MPOXOAUTH Yepes3
po3unn HAUC|;, nmpu pi3HMX KOHUEHTpa-

. 3+
migx Au

[Mo3HnaveHHs CdopmoBani c(AU*),
KaTanizaTopiB | HaHOKOMIIO3UTHU M1/
I {Fe304&Au (0.2)} 0.2
I {Fe304&Au (1.0)} 1.0
" {Fe;04&Au (5.0)} 5.0
v {Fe304&AuU (7.0)} 7.0
V {Fe304&Au(10.0)}  10.0

Jlns  neTeKTyBaHHS PEHTI€ HIBCHKOTO
BUITPOMIHIOBAHHS BUKOPHUCTOBYBAJIM CIIUH-
T WHAA T wib HUK BJ[C-6. CkanyBaHHS
NPOBOAWIN 31 MBHUAKICTIO 1 °/XB, rpaHuy-
Huit kyT Bynbda —bperra ctanosu §0-90°.

CEM 300pakeHHS CTPyKTyp, IO VT-
BOPIOBAJINCH Ha TIOBEPXHI CTaJeBOTO JHCKa
mciig Horo KoHTakTy 3 po3unHoM HAuCly,
Oyl0 OTpUMaHO 3a JIOTIOMOTOIO E€JEKTPOH-
HOTO CKaHyr4oro Mikpockoma Tescan Mira
3 LMU (JIaGopatopist eIeKTpOHHOI MiK-
pockonii TOB «HanoMenTex», KuiB).

Jms mocmipke HHS KaTadllTUIHOT aKTHUB-
HOCTI OTPUMaHMUX HAHOKOMTIO3UTIB Fe;0,&AU
1 BU3HAYCHHS KIHETMMHHX XapaKTePHUCTUK
€JICKTPOBITHOBJIC HHS KHCHIO 3 JIY>KHOTO PO3-
YUHY OJI€P>KaJIU CTaIlo HapHI TIOJIsI pyU3all iH1
KpUBI ILOTO TPOILIECY Ha IUIABAlOYOMY Ta-
soaudy3itaomy enexrpoai (III'E) [19], mo-
BEPXHEBO MO M(IKOBAHOMY JOCIIKyBaHU-
MU HaHOKoMmmo3uramu, B 1 M po3zuuni KOH
B aTMocdepi KkucHio npu Temnepatypi 20 °C.
BumiproBaHHs MpoBeNIN B TPHOXEJIEKTPO T HI i
€JeKTPOXIMIYHI M KOMIpII, B AKif KaToJHA Ta
aHOJHA KaMmepu OynuW pPO3AIICHI CKISHUM

¢inerpom. III'E maB dopmy Tabnetku mia-
MeTpoMm 10 MM 1 ToBHIMHOIO 2 MM. Buroto-
BUiIM Horo 13 caxi [1-803, rinpodobizoBanoi
30 %-r0 100aBKOIO TMOJII TETPAPTO PETHIICHY,
HUIIXOM TpecyBaHHs mij Tuckom 2.45 Mlla.
[Ipu mpomy B TabseTKy OyJi0O BIPECOBAHO
HIKEJIEBUH IPIT sIK cTpyMOB1ABiA. Onepixana
tabretka mana Macy 200 wMmr i1 ymaBaHy
migbHicTs 0.95 r/em’.

Ha mnoBepxHo TabieTKW HAHOCWUIU HE
Ginbmre 1 Mr/cM® TOCTIIKyBaHHX HAHOIHC-
nepcHux kommo3utiB Fe;0,&AU 1 TOBTO-
proBaiy TipecyBaHHA mix THUCKoM 4.9 MIla.
Taka KUTBKICTh €JIEKTpOoKaTamizaropa 3ades-
rievyBayia pIBHOJOCTYIHICTh KHCHIO JO TIO-
BEpXHi HOTO 3€peH 1 KIHETUYHUI Pex UM Tpo-
TiKaHHs eyekTpoaHoi peaki [20]. Ha enex-
TPOTIPOBIHIA TIOPHCTIH OCHOBI Yac TUHKH
KaTajizaTopa yTpuUMyBaJUCs 3a PaXyHOK CHI
anresii. Kinekicte Hanecenoro Ha III'E no-
CIIKYBAHOTO KaTalli3aTopa BH3HAYaAIH SIK
30UIbIIICHHS 11 MaCH TCJIA HAIIPECYBaHHS Yac-
THHOK KaTai3aTopa.

CramionapHi TOJSIpU3alliiiHI KPUBI €JIeK-
TPOBIJHOBJICHHS KHCHIO Ha TPHUTOTOBAHOMY
[IT'E 3HiManu B MOTEHIIOCTATHMHOMY pe-
KMl 3a gornomoror noteHmjocrtara I11-50-
1.1 3 xpokom 3minu noteHmany 10 mB. Ilo-
TEHIad PoOOYOro €JICKTPOaa BUMIPIOBAIH
BIJIHOCHO XJIOPHWACPIOHOTO eNeKTpoja To-
piBHsHHA. {7151 peecTparii cTpymy 3actoco-
ByBau 1udpoBuil Mmynptumerp 3 USB-in-
tepdpericom AXIOMET AX - 18B.

3a pesynmpTaTamMu peHTreHo(}a3oBoTO
aHamizy (puc.2) TpU CHHTE31 YaCTHHOK
Fe;O,&AU  OkpiM  CKIaJOBUX KOMIIO3HTY
— w™arsetury (¢aitn JCPDS Ne 19-0629) i
3on0ta (¢aitn JCPDS Ne 02-1095) y pe-
aKMIWHIA CHCTEMI MPOXOAWIO YTBOPEHHS
¢da3 OKCHUriIPOKCHAIB 3aiiza — reTuty (Qaitn
JCPDS Ne 17-536) Ta nemgokpokity (daiin
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Puc. 2. Jludpaxkrorpamu mnpoxaykris PKJI, or-
pUMaHUX Ha TOBEPXH1 CTaJI€BOTO AUCKA MPH HO-
ro koHTakTi 3 posunnamu HAUCI; 3a mouarko-
BOI KOHLIEHTpAIlil Au3+, mr/n: a—1, 6 — 10, e
CKIaoB1 komno3uty: 1 -— memimokpokir, 2 —
MarHeTuT, 3 — IeTHUT, 4 — 30J10TO.

JCPDS Ne 08-0098). BunaneHHs ocCTaHHIX
MPOBOJWIN 13 3aCTOCYBAaHHS MAarHiTHOI ce-
naparii, sika Ja€ 3MOTY BIJIOKPEMHUTH dYac-
TUHKY HaHOKOMIIO3UTY BiJl MPOAYKTIB OKH-
CJICHHS 3aJli3a — TEeTHUTY 1 JIeTAOKPOKITY. 3
puc. 2 criaye, MO0 MpU MiJBUINECHHI MOYa-
TKOBOi KOHIIEHTpALl 30JI0TA 1HTE€HCHUBHICTb
pediekciB MarHeTUTy Ha IudpakTorpamax
3MEHIIYEThCSA, a 30JI0Ta — 301IbLIYETHCS.
Po3Mip 4acTHHOK MarHeTUTOBOTO siApa CKJIa-
IaB ~ 25 HM.

Ha puc. 3 HaBeneHo MikpodoTorpadii
npoaykrtiB PKJl, yTBopeHMX Ha mNOBEpxHI

90

cTayi npu il koHrakti 3 po3unHom HAuCly
nBOX KoHueHTpami. Ha puc. 3a BunHO cde-
pUYHI Yac THHKU HaHOKoMmmo3uty Fe;0,&Au
Ha TOBEpPXHI NMEPBUHHUX MIAPyBaTHX MOJIBi-
WHUX TIAPOKCHUIIB Fe**-Fe**. Ha puc. 36
OKpiM 4acTHHOK HaHOKoMTIO3uTy Fe;O0,& AU
BUITHO TUTACTMHKU OKCHTIIPOKCHIIB 3alli3a.

AHani3 noJgpu3all HHUX KPHUBHX €JIEKT-
POBIJTHOBJICHHSI KUCHIO Ha HAHOKOMIIO3UTAX

WD: 3.01 mm MIRA3 TESCAN

Det: InBeam

T Iy

500 nm

SEM HV: 10.0 kV
View field: 2.00 pm
SEM MAG: 144 kx

WD: 3.01 mm MIRA3 TESCAN|

Det: InBeam

SEM HV: 10.0 kV
View field: 2.00 ym
SEM MAG: 126 kx

Puc. 3. CEM wmikpodoTorpadii nponykrie PK/I,
OTPUMAHUX Ha IMOBEPXHI CTAJIEBOTO JIMCKA IPH
fioro koHTakTi 3 posunHaMu HAUCL 3a mouat-
KOBO1 KOHIICHTpAITii Au3+, mr/n: a—1, 6 —10.

e L L

500 nm
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Fe;O04&AU B po3unni 1 M KOH, BumipsHUX
3a gomomoroto III'E 1 mpencraBneHux y Ha-
niBJIoTapuPMidHUX KoopAauHarax (puc. 4.),
MOKa3aB, M0 KaTaJiTHIHA aKTUBHICTh TaKUX
KaTalli3aTopiB 3aJIeKUTh BiJl KiJIBKOCTI 30J10-
Ta Ha IXHIW TOBEpXHI. 3 puc.4 BUIHO, IIO
Hali0O1bIIIe B IO3UTHBHY CTOpOHY (Ha 120 MB)
BiJl TOJIIpM3aIiifHOT KpUBOI, OJepkKaHOi Ha
Hemonudikosanomy II'E (caxxa P-803 + 30 %
[ITDE), 3MimeHa noJisipu3aliiitia KpuBa, 0J1e -

-lgj (j, A/r) ,

22} | 1

/
[/

26} | '

2.8} /

12 022 -E,B

Puc. 4. IlotreHIiocTaTH4H1 MOJIAPU3AIl ii1H 1 KpUB1
BinHOBJIEHHA KuCHIO 3 1 M pozunny KOH Ha
HactynmHux [1T'E: 1 — caxa P-803 + 30 % IIT®E
(ocuoBa III'E); 2 — ocHoBa + V; 3 — ocHoBa + III;
4 —ocuoBa+ IV; 5— ocaoBa + I; 6 — ocaosa + II.

pxana Ha II'E, moBepxnHeBOo Monudikosa-
Homy kommoszutom {Fe;0,&Au (1.0)}, Toxai
K HaliMeHIIIe 3MillleHa KPHBa, OJIep)KaHa Ha
[T'E 3 xommo3urom {Fe;0,&AuU (10.0)}. Ciif
TaKOX 3a3HAYWUTH, 10 HAa KPUBUX, IPHUBE-
JNeHUX Ha puc. 4, MOXHA BUWIIJHUTH TO ABI
MOPSIMOJTIHIMHI JIUJISHKA 3 PI3HAM HAXWIOM,
10, BOYEBHIb, 3YMOBJICHO 3MIHOIO MeEXaHi-
3MY €JIEKTPOJIHOTO TIPOIIECy.

Ha puc. 5 npuBeseHi 3a1eKHOCTI IO Te H-
maigB eJeKTpoBiqHOBIC HHS KucHIO Ha [IT'E,
MOBEPXHEBO MO M(pIKOBAaHOMY HAHOKOMIIO-
sutamu Fe;0,& AU, BiJ IOYaTKOBOI KO HIIC H-

-E,B
0.14¢

0.161

L

0 ‘ 2 ‘ 4 l 6 L‘(Au“‘), M‘I‘/ﬂ

Puc. 5. 3anexHOCTI HMOTEHINIANIB BITHOBJICHHS
kucHio Ha III'E, moBepxHeBo MoaudikoBaHOMY
HaHokoMmmo3uTamMu Fe3zO4&Au, Bim mo4aTkoBOi1
KOHIIEHTpAIIil At B po3unnai HAuCl, B siko-
My iX OylO OTpUMaHO, IpH Jorapu pMi I'yCTUHU
ctpymy, lgj (j, A/r): 1-2.6; 2—-2.4; 3-2.2.

Oynu oTpuMaHi 3a KUIbKOX 3HAa4Y€Hb JOTa-
pudma ryctunu ctpymy. Bugso, mo Ha BCix
3a1e)KHOCTAX € MakcumyM pu ¢(Au®) = 1.0
MTI/J, SIKWH BifTOBigae HaHOIIbIIOMY 3Mi-
HIEHHIO TIOTEeHIany razoaudy3iiHoTO ene-
KTpPOJia B TO3UTHBHY CTOPOHY.

BoueBuap, 30iMbINEHHS KOHIEHTpaIii
AU B posunni HAUCI, mpu dopmysanHi
HAHOKOMTIO3UTIB /10 1.0 MI/1 pUBOIKTH 10
3017bIIEHHST KIJILKOCTI HAHOKJIACTEpPIB 30-
nota Ha noBepxHi Fe;O, 1 maBuIeHHs Ka-
TaJITUIHOT AKTUBHOCTI OJIEP)KAHUX HAHO-
KOMIIO3UTIB B peaKiii eJIEKTPOB1IHOBJCHHI
kucHO. OHAK MPU MOJANBIIOMY 3POCTaHHI
(Au®") momax 1.0 Mr/i yTBOPIOKOTBCS Ha-
HOCTPYKTYpH siipo—obosionka — Fez0,&AuU
CIOYaTKy 3 MOPHUCTOI0, a MOTIM MILIbHOIO
30JI0TOI0 OOOJIOHKOIO Ha TMOBEPXHI MarHe-
TUTY, 0 W 3YMOBJIIOE 3HMKECHHS KaTaliTH-
YHOi aKTHUBHOCTI TaKWX HAHOKOMIIO3UTIB.

B pe3ynbTari 00poOsieHHS TOSpU3al-
WHUX KpHUBHX, HaBeJEeHUX Ha puc.4, Oyno
pO3paxyBaHO KIiHETHYHI MapaMeTPU EJIeKT-
poBigHoByIeHHsI kucHIO Ha III'E, moBepxHe-
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BO MOJU(PIKOBAHOMY JOCTII)KEHUMU HAHO-
xomnozutamu Fe3;O4&AU, B 1 M po3uuHni
KOH (Tabn. 2). 3 Tabauii BUIHO, IO Haii-
Ginblre 3HAYCHHS CTpyMy oOMiny (8.51- 107°
A/r) 6yno 3adikcoBaHO TMPH BiJAHOBJICHHI
KHUCHIO Ha €JIEKTPOJl 3 HAaHOKOMIIO3UTOM
{Fe;0,&Au (1.0)}, a HaiimeHIle — Ha eJie-
KTpOJi, MOAU(}IKOBAHOMY KOMIO3UTOM
{Fe;0,&Au (10.0)}. 36inbIIeHHS BMICTY 30-
JOoTa B JUCTIEPCIMHOMY CEpeOBHILI TMpPH
cuHTe31 HaHokomno3uTiB Fe;O0,&AU 1o 1.0
MTI/JI TIPUBEJIO JO 3POCTaHHSI CTPyMy OOMi-
Hy peakiii BiJIHOBJICHHS KHCHIO Ha €JIeK-
TpoJax 3 OTPUMAaHUMH KOMIIO3WTaMH, TOJI
SK TPU TOJANBIIOMY TiJIBHIICHHI KOHIICH-
tpanii Au®* o 10 Mr/1 cTpym 06MiHy Ha ete-
KTpoJax 3 IHMMH KOMIIO3UTaMU 3HUKYBaB-
cqa. BinuoBmeunsa kucuro Ha [II'E 3 HaHokoM-
no3utamu Fe;0,&Au, oTpumMaHuMu 3a Ma-
JUX KOHIEHTpAIl 30JI0Ta B JKCTIEPCIHO-
My CepeaOBHIIli, MPOTIKAE, BOUCBUIb, O€3II0-
Cepe/IHh0 Ha AaKTUBHUX MICIIIX, SKI SIBIIS-
I0Tb C00010 MeexTH (KaTioHHI BakKaHCii
[21]) y Fe;0,.

KyTtoBi TadeneBi koedilieHTH NPsIMO-
JTiHIWHUX AUTHOK TOJSIpH3alli HHUX KPHUBUX
BigHOBNeHHA KucHIO Ha II'E, moaudikoa-

TaOnuusa 2

HOMY HaHokoMmmo3utamu Fe;O0,&AU, oTt-
pUMaHUMH TIPU BMICTI Au®" B JUCTIEPCi M-
HOMY cepenoBuill 10 5.0 M/, 3HaAXOIATh-
csi B HAaCTyHHHMX Jaiama3zoHax: b; = 0.048 —
0.060B, b, = 0.119- 0.131 B, a npwu Bix-
HOBJICHHI KHCHIO Ha €JEeKTpoAax 3 KOM-
nozuramu, orpumanmmu mpu (AU’ Big
7.0 mo 10.0 mr/m, b;=0.042 -0.061 B,
b, =0.079 - 0.105 B.

Ha micraBi po3paxoBaHux 3Ha4€Hb KY-
TOBUX TadeneBux Koe(dillieHTIB MOYKHA 3pO-
OUTHU BUCHOBOK, IO BIJHOBJICHHS KHUCHIO Ha
III'E, moBepxHeBO MOIU(}IKOBAHOMY HAHO-
kommo3uramu Fe;0,&AU, € ©OararocTamiii-
HUM TIPOIIECOM 1 BKIJIIOYAE CTAJlil0 YTBOPEH-
HS TIEPOKCHUNY BOJHIO, SIK MPHU BiJHOBJIEC HHI
KHCHIO Ha mmHeasx [22]. B oGmacti He-
BUCOKUX TYCTHH CTPYMYy, 3a SKHUX BUsBIIC-
HO TIepin TPSMOJIHIWHI IUITHKKA Ha KpU-
Bux |gj — E, BITHOBJICHHS KUCHIO, BOUCBU/Ib,
MPOTIKAE 32 MEXaHI3MOM, SIKUW BKJIFOYAE JIi-
MITYIOUYy JABOXEJIEKTPOHHY CTaJil0 yTBOPEH-

na ancopboBanux i0HIB HO, (4
OZ(anc) + HzO + 2¢ = HOzi(aﬂc) + OH (1)

Jlam Bi1OyBa€eThCS MIBUIKE €ICKTPO XIMIUHE

KineTnyHi mapamMeTpu BilHOBJIEHHSI KHUCHIO Ha ra3oaudys3iiiHOMY eJie KTPoi,
nopepxHeBo MmoaudikoBanomy HaHokommnosuramu Fe;Os&AU

OE/0lgj, B .
Enextpon E.. B Jo, A/T
b, b,
caxka P-803 + 30 % ITT®E (ocuoea [ITE)  -0.105  0.060 0.094 | 1.89:107°
ocroBa + | -0.117  0.060 0119 291-107*
ocroBa + 11 -0.123  0.059 0131  8.51-10°°
ocrosa + III -0.147  0.048 0.121 426107
ocrosa + [V -0.138  0.061 0.105  3.81-107*
ocHoBa+ V -0.153  0.042 0079  1.4810™*
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BinHoBneHns HO, (,,) 3a peakmiero:
HOZ_(a}lc) + Hzo +2e=30H (2)

a0 JUCTIPOTOPINOHYBAHHS 3a XIMIYHOIO
peaKIeo:

HOzi(anc) = OI‘F + 1/202 (3)

[Ipu 3pocTaHHi TYCTHH CTpyMy O 3Ha-
YeHb, AKI BIAMNOBINAIOTH JAPYTHM MPSIMOJIi-
HIHUM finsHKkaM Ha kpuBux Igj — E, me-
XaHi3M BIJHOBJIEHHA KHCHIO 3MIHIOETHCS 1
MIBUIKICTH €JIEKTPOJHOTO TMpOIECY BU3HA-
YaeThCsl MIBUIKICTIO OJTHOEJEKTPOJHOI CTa-
Jii, MpO IO CBiJYaTh OTPHUMaHI 3HAYEHHS
KyToBOro TadesieBoro koedimenrta b,:

O2(az{c) + H20 +e= HOZ(aﬂc) + OH . (4)

[Ticas mBUAKOTO TPHUETHAHHS IPYroro
enekrpoHa 10 inTepmeniatie HO,, ) yTBO-
proroTecs ancopbosani 10HM HO, () 32 pe-
aKII€Io:

HO2(a11c) te= HOZ_ (ame)* (5)

Iomaneun nepetBopeHna 10HM HO, () MO-
KyTb BimOyBarucs 3a peakiisamu (2) a6o (3).

BHUCHOBKH. Takxum 4UWHOM, 3aCTOCY-
BaHHA METOJY POTaIlWHO-KOPO31HHOTO JTHC-
MepryBaHHs J0O3BOJSIE OTPUMYBaTH HAHO-
KOMIIO3WTH Ha OCHOBI MarHeTUTY, BKPHUTOTO
OKpEeMHMH KJacTepaMu 30Ji0Ta abo mopwuc-
TOIO YH IIiJI5HOK 30JI0TOK 000710HKOM0. Ha-
HokoMmmo3utu Fe;0,&Au, B IKHX 30JI0TO Ha
MOBEPXHI YAaCTUHOK MarHeTUTYy 3HAXOJ HTh-
Cs Y BUTJISAII KIacTepiB, €(PEKTUBHO MPHUCKO-
PIOIOTh €JIEKTPOBITHOBJICHHSI KHUCHIO 3 JIyXK-
HOTO PO34YMHY. Y TBOPEHHS WIUILHOI 30JI0TO1
000JIOHKM Ha TOBEPXHI HAHOYACTHHOK Mar-
HETHUTY TPW3BOJUTH J0 3HAYHOTO 3HIKE HHS
KaTaJITHIHOI aKTHBHOCTI TaKHMX KOMIIO3U-
TiB y m# peakiii. OnTumManabHa KOHIICHT-

patiisi 30JI0Ta B JAUCTIEPCi HHOMY CepeJi0BHIL,
3a SIKOT YTBOPIOIOTHCA HAMOIJNbII aKTHUBHI
HaHOKoMmmo3utu Fe;0,&Au, CTaHOBUTH
1.0 mr/m.

KineTnani mapaMeTpu eJIeKTPOBITHOB-
JICHHS KHUCHIO Ha IUIaBaloduoMy raszomudysi-
HHOMY €JICKTPOIl, TIOBEPXHEBO MOAU(PIKO-
BaHoMy HaHokommo3uramu Fe;O,&Au, B
1 M pozumni KOH cBiguats, mo mei npoiec
Ha TaKOMY €JEKTPOJi BiIOyBaeThCS CTaIiu-
HO 1 BKJIIOYAE YTBOPEHHS I€ POKCHUIY BOJIHIO
K TIPOMIXHOTO TpOAYKTy. bararocraniii-
HUN MEXaHi3M EeJIEKTPOBITHOBICHHSI KHCHIO
3MIHIOETBCSI TIPU 3POCTAHHI TYCTHHHU CTPyMY.
B o0nacTi HMBBKHX T'YCTHH CTPyMY IIBUI-
KiCTh €JIEKTPOJITHOTO TPOIIECY BU3HAYAETHCS
MIBWIKICTIO TBOCJEKTPOHHOI peakiiii yTBO-
penns axcopboBanux 10HIB HO, (), a
MicJisl MEPexoly B 00JacTh BUCOKHUX T'YyCTUH
CTPyMy JIMITYIOYOIO CTa€ OJIHOCJCKTPOHHA
peakiig yrBopeHHs iHTepMeniaTiB HO,(, ).

BOCCTAHOBIIEHME KMCJIOPOJA HA TIOBE-
PXHOCTN HAHOKOMIIO3UTOB Fe304&Au

10. K. ancmﬁl*, E. H. .HaBpI/IHeHKOZ, O.C. Kpy-
HCHHI/IKOBal, @. . MaHunesny -
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B pabore momydeHbl HaHOKOMITO3UTHI, KO-
TOpbIE COCTOSUTM M3 MarHETUTOBBIX YaCTHII, MO-
KPBITBIX 30JIOTOM, M HUCCJIEIOBaHbl 3aKOHOMEp-
HOCTH 3JIEKTPOXUMHYECKOTO BOCCTAHOBJICHU S HA
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HUX KHCJIOpOJAA U3 IIENOYHOro pactBopa. CuH-
T€3 HAaHOKOMIIO3UTOB MPOBENEH C MPUMCHEHU -
€M METOJia POTAIMOHHO-KOPPO3WOHHOTO JICIIEp-
rupoBaHus. DopMHUPOBAHNE YACTHUI] KOMITO3UTOB
MPOUCXOAMIIO HA TIOBEPXHOCTH CTAJILHOTO Bpa-
A0 IIIETOC S IMCKA MPU €T0 KOHTAKTE C BOJHBI-
mu pactBopamu HAuCly Ha BOS)I;’XC. VYBenuue-
HMe UCXOHOH KOHIleHTpanuu Au®’ B aucnepcn-
OHOU CpeJlie MPHUBEIO CHaudana K POCTY KOJH-
YecTBa KIACTEPOB 30J10TAa HA IMMOBEPXHOCTH Yac-
tur; FesOy4, a 3aTeM Kk 00pazoBaHWI0 HaHOpa3-
MEPHOTO KOMIIO3MTa THMA SAPO—000IOouYKa —
Fe304&Au. Tlokazano, 4TO CILUIOMHASA 30JI0TAS
000JI0YKa Ha MOBEPXHOCTH YACTHUI[ MarHeTHTa
MMEET MEHBIIYI0 KATAIUTHYCCKYIO aKTHBHOCTH
B PEAKIHH SJEKTPOBOCCTAHOBIICHUS KHCIOPOAA,
4eM OTJIeNIbHBIC HAHOKIAcTephl 30J70Ta. B pe-
3yJAbTaTe aHalin3a TOJTYYCHHBIX KHHETHYCCKH X
JTAHHBIX CIENIaH BBIBOJ, YTO PEAKIUs JIEKTPO-
BOCCTAQHOBJICHUS KHCIIOPO/a Ha IMOBEPXHOCTH Ha-
HOKOMIIO3UTOB Fe3Os&Au sABaseTcss MHOTIO-
CTQAMHHONW M BKIIOYACT CTAJAUI0 OOpa30BaHM s
MepoKCUa BOJIOPO/A.

KnmoueBbl € CcJI 0B a: 3IEKTpoOBOCCTA-
HOBJICHUE KUCIIOPOZA, HAHOPAa3MEPHBIE KOMIIO-
3uthl Fe304& Au, poTammoHHO-KOPPO3HOHHOE
U CIIEPITUPOBAHHUE.

OXYGEN REDUCTION ON THE SURFA-
CE OF Fe304&Au NANOCOMPOSITES

Yu. K. Pirskyy'*, O.M. Lavrynenko?, O.S. Kru-
pennikova!, F. D. Manilevich'

1 V. I. Vernadsky Institute of General and Inor-
ganic Chemistry, NAS of Ukraine, 32/34 Aca-
demic Palladin Avenue, Kyiv, 03142, Ukraine

2 |. M. Frantsevich Institute of Material Science
Problems, NAS of Ukraine, 3 Krzhizhanovsky
Str., Kyiv, 03142, Ukraine

*e-mail: pirsky@ionc.kiev.ua

Functional materials based on ferromag-

netics and noble metals are attractive due to their
unique optical, catalytic and magnetic pro-
perties. Nowadays these materials find their ap-
plication in various fields of science and techno-
logy: medicine, biotechnology, chemistry, phy-
sics and energy sector. The aim of the present
work is to study the electrochemical charac-
teristics of the oxygen reduction on the surface
of FesO4&AuU nanocomposites

The formation of the composite particles
took place on the surface of a rotating steel disk
which was in contact with HAuCIl; aqueous
solution and air. Initial gold concentration was
varied from 0.2 to 10.0 mg/l. Oxygen reduction
was studied on a floating gas diffusion electrode
(pressed carbon black P803 + 30 % PTFE) with
surface, modified by prepared Fe;O;&Au na-
nocomposites, in 1 M KOH solution at 20 °C.
Electrochemical measurements were carried out
using a PI-50-1.1 potentiostat.

Tafel slopes of the stationary polarization
curves 0E/0lgj of oxygen reduction on the elec-
trode modified by composites formed at ¢(Au®*)
from 0.2 to 5.0 mg/l lay in the ranges: b; =
=0.048 - 0.060 V, b, =0.119-0.131 V. When
nanocomposites were obtained at ¢(Au**) from
7.0 to 10 mg/I these values were: b; = 0.042 —
0.061 V, by = 0.079-0.105 V. It was con-
cluded that oxygen reduction mechanism is
multistep and includes formation of the hyd-
rogen peroxide as intermediate. Obtained b; and
b, values indicate that electrode process me-
chanism changes when current density grows.

The largest exchange current (8.51:107
A/g) was achieved when electrode was modifi-
ed by composite formed at ¢(Au**)=1.0 mg/l,
whereas when the composite formed at
c(Au®") = 10.0 mg/l was used, the jo value was
smallest. Perhaps, the increase in the initial Au®*
concentration during nanocomposite formation
led to an increase in the number of separate gold

94 ISSN 2708-129X. YKP . XIM . XKXVYPH ., 2020, t.86, N0 6


mailto:pirsky@ionc.kiev.ua

Bionosnenns kuchio na nosepxui nanoxomnosumis Fe3Os&AU

clusters on the surface of Fe3O4 nanoparticles
and to raise of composite catalytic activity. But
when ¢(Au®") exceeded 1.0 mg/l the core-shell
FesO4&Au composites with compact gold shell
were formed. Such core-shall composites had
lower catalytic activity in the oxygen reduction
than composites with separate gold clusters on
the surface of Fe3O,4 particles.

K eywords: electroreduction of oxygen,
nanosized Fe304&Au composites, rotational-
corrosion dispersion.
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[IpoBeneHo nocimimkeHHsT TUHAMIUHOT B A3K0CT1 Hadru ponoBuin IBano-dpaHKBCHKOT
00J1aCT1 3 BUKOPUCTAaHHSM CHUBYIIHOTO Macia, IO € MOOMHUM MPOITYKTOM CIIHPTOBUX
3aBoAIB. BcTaHOBIEHO, 1110 J0OaBKa CUBYIIHOIO Macia y auanasoHi 5 — 20% Huxue To-
yku TekydocTi (20 °C) mpakTH4HO HE BIUIMBAE HA B'S3KICTh HAQTH 1 il THKCOTPOIHICTb.
Jlo6aBka 5-10% cuByIHOro Macia MOe 30 UTbLTyBaTH AUHAMIMHY B’SI3KICTh HA(TH TIpH
Harpy3iscyBy o 12 Ila y 1,5-2,5 pasu. [Ipu ninBuineHH1 Temneparypu epeKT 3HUKEH-
HsI B SI3KOCT1 crioctepiraerhbest 3a Temneparypu 30 °C, skuit HIBEIIOETHCS 3a TEMIIEPATY-
pu 40 °C. Iloka3zaHo, IO CHCTEMH 3 CHBYIIHHM MAacjIOM TaKOX MarOTh HEHBIOTOH BCh-
KUl XapakTep Teuii, 110 € HAaCIIKOM BMICTy nmapa¢iHiB Ta iX BKpail HU3bKOIO PO3UHMHHI-

CTIO Y HU)KUUX CIIUPTAX.

KnmouyoBi cioBa:BUCOKOB s3Ka Ha(ra, CUBYIIHE MACJ0, pPEOJIOTTYH 1 BIaCTUBOCTI,

TUKCOTPOITHICTh, B’ I3KONPYKH ICTb.

BCTVII. Y npoueci po3poOJeHHsS pPoO-
JOBUII[ «JIETKO1» HaQTH 3aJIMIIIAETHCS BCE
MmeHire 1 meHme. Cepe; po3BiIaHUX 3amaciB
Ha CHOTOJIHI TEPEeBAXKAIOTh «BAXKi» Ha)TH
[1]. OckibkH 3 YacoM 3pOCTa€E 3aBOJIHE HHSI
HAQTOBUX POJOBHIN, TO TMPH BHAOOyBaHHI
HAPTH BUKOPHUCTOBYIOTh TpacepHi JOCIi-
mxeHns. Cepelnl MapkepiB, sIKI BUKOPHUCTO-
BYIOTb, 3yCTpPIHAIOThCSl W HUKY1 CIIUPTH, Ta-
Ki SIK TIPOTaHoJI, 0 yTaHo I, e HTaHo [2,3].

Bucoxos'si3ka (Baxkka) HadTa CTBOPIOE
yuMasio mnpobseM npu ii BugoOyBaHHI. Y

© 0O.A. Konosai, A.C. Makapos, 2020

nporeci BUTOOyBaHHI CTHKAIOTHCS TaKOX 13
npoOjieMaMu, IO 3YMOBJIICHI MiXPEMOHT-
HUM TIEPIOJIOM CBEPIJIOBUH Ta OOJaJHAHHS,
MOB'SI3aHOTO 3 PO3poOJIeHHIM Haap. ['0joB-
HOIO TPUYMHOIO BUXOJY 3 Jiaay oOJagHaHHS
€ HasABHICTh y HaTI mapadiHIB 1 CMOJIUCTUX
PEYOBHH, SIKi OUIBIIO MIpOK TIepeTBOPIO-
I0Th CUCTEMY 3 17I€TbHOTO PO3YUHY Ha €MY-
Jbcito (opraHika 3 BHCOKOIO MOJIEKYJISIPHOIO
Macolo0 y JeTKiii oprasiini). BoHu xx Hakomu-
YYIOTHCSI HAa JIETAJIIX HACOCIB 1 TPAHCTIOPTY-
BallbHUX TpyDOax, Mo TArHe 3a co00r JacTi-
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11l PEMOHTH 1, IK HaCJI 0K, MPOCTOT.

He octanHIM YWHHUKOM, IO BIUIUBAE
Ha peHTabeNbHICTh BUPOOHUIITBA, € TPAHC-
MO PTYBaHHA HA(THU — [0 BUIIA B'SI3KICTh, TO
OinbiIe MoTPiIOHO eHeprii Ha MATPUMYBAaHHS
il B piakomy ctani. Ha npakruni Takuii mna-
paMeTp SK B'SI3KICTh Ha()TH BUKOPHUCTOBY-
I0Th 3HAYHO YaCTIIlle 3a 1HIII PEeoJIOTiYHI Xa-
pPaKTepUCTUKHU. Y 3B'A3Ky 3 MM Tpari Oara-
THOX JOCJIJHUKIB TPHUCBAYCHO BHUBYECHHIO
YUHHUKIB, [0 BIUTMBAIOTh HA B'S3KICTh Ha(-
. Hadtu 3 ryctunoro 880-980 xr/m° i B's-
3kicTio 10—-100 wmlla'c mpuifHATO BBa)kaTu
BaXKUMH, a HapTH 3 B's3kicTio 100—-10000
Mmlla'c 1 ryctunoro monax 1000 Kr/M° — Hal-
BaXKUMH [4].

31 30inpmeHHAM BMicTy mapadiHiB y
HadTi 3pocTae 1 Il TeMIepaTypa 3aCTUr aHHSI.
A 3a HBBKHX TeMIeparyp HadTa 31 BMICTOM
napadiHiB TPOSIBIIIE PI3KO BUPAXKECHI HEHb-
IOTOHIBChKI  (B’SI3KO-TUIaCTHYHI,  B’S3KO-
NPy Hi, THKCOTPOITHI) BIaCTUBOCTI [5].

B's3akonpykHi  BJIAaCTHBOCTI  JESIKHUX
HadT Bnepuie Oyino BusiBieHO B 1970-X po-
kax. Ha To# wac Oyno moOpe mocCiiIKeHO
B’SI3KOTIPY>KHI BIACTUBOCTI JUCTIEPCHUX CHU-
CTEM 1 MOJIIMEPIB, OJHAK 3’ACYBaJOCH, 10 i
JesKi BaXKI HaQTH MarOTh MOJIOHI BJIac TH-
BocTl. ¥ mpari [6] HaBeneHO pe3yabTaTH J0-
CIIJKCHHS BIUTUBY B'SI3KOTMPYKHHUX BJIACT K-
BocTeil HahTH Ha mpo1ec i1 PiTbTpawLii Kpi3b
NOPHUCTE CEepeloBHILE. ABTOPU 3a3HayWiw,
0 M7 Yyac pyXy Ha(TH Kpi3b MOPHUCTE Ce-
pelOoBHILE, 10 € CKJAJAHOI CHUCTEMOIO Ka-
HaliB HeperymsipHoi Gopmu, y HapTi BUHU-
KalOTh HaIpy>XeHHS 3CYBY, IO MPHU3BOIUTH
10 30inpmeHHs 11 €()eKTHUBHOI B'SI3KOCTI Y
MO PUCTOMY CEpPEIOBUIII 1 € OCHOBOIO BifHE-
CeHH: 1i 10 HEHBIOTOHIBCHKHX pinuH. Yepes
TaKi THUKCOTPOIIHI BIACTUBOCTI HapTH ii (i-

100

JbTpalis MPUIHHIETHCS B TWIACTOBUX 30 HAX,
BiITAJICHUX BiJl CBEPIJIOBUH, KOJIH TPai€H-
TH TUCKIB BWABJIAIOTHCS HETOCTATHIMH JIJISI
pyHHYBaHHsS BHYTPIIIHbOI CTPYKTYpU B Ha-
¢Ti 1 Ha mouatky mpolecy QimpTpamyi. Lei
YUHHUK 301JIbIIy€e OOCST IUIacTa, He 3ajydye-
HOTO 10 po3po0OenHs [7].

s onmcy BIAacTUBOCTEM HEHBIOTO-
HIBCBKMX pIJWH 3aCTOCOBYIOTH TapaMeTp
edeKkTuBHOI B'SI3KOCTI 1|,. EdexTtuBHy B'sA3-
KicTh HaTHU 3a PI3HUX IIBUAKOCTEH 1 Ha-

MpyT 3CyBY omnucye dhopmya:
n.=t/v,(1)

T — MUTTEBE 3HAYEHHS HAIMPYTH 3CyBY, [la; vy
— MHUTTEBE 3HAYE HHS IIBUIKOCTI 3CYBY, 1/c.

Le# mapameTp MIUPOKO BUKOPHUCTOBY-
I0Th Y PEOJIOTIi, BIH JIa€ 3MOTYy PO3IJISAATH
HEHBIOTOHIBCHKI PIAMHU SIK CHUCTEMH 31
3MIHHOIO B'I3KICTIO, II[O 3aJIEKUTh BiJ IIBU-
JKocTi (Hampyru) 3cyBy [8].

JlocmmKeHHIMH Ta30BaHOI B'SI3KO I
PY’KHO1 HaTH BCTaHOBJIE HO, 110
B’SI3KOTIPY>KHI BJIACTUBOCTI T'a30BaHO1 piju-
HHU ICTOTHO BIUIMBAIOTh HAa BTPATy HAIopYy.
TexHOOTIUHE THTAHHS MiATBEPIKYE BaxK-
JIUBICTH 1 TOIJIbHICTh PO3POOJICHHSI METOIIB
pPEeTYJIOBAHHS PEOJIOTIYHUX BJIACTUBOCTE M
TaKUX CHUCTEM, a caMe€ — 3MECHIICHHA iXHbO1
B’SI3KOCTi. BUKOpUCTaHHSI CUBYIITHOTO Maciia
(CM) nust 3HMKEHHS B'SI3KOCTI HAQTH TIpH i
BUI00YBaHHI 1 TpPAaHCTIOPTYBAHHI MOJYKE MaTH
CEHC, OCKITIbKH COO1BapTICTh TAKOTO MPOIY-
KTY € HIBHKOIO.

Metoro miei pobOoTH € BU3HAYCHHA
BIUTMBY KOHIEHTpALi CHUBYIIHOTO Macja Ha
PEOJIOTIUHI XapaKTePHUCTUKU BUCOKOB SI3KOT
Had TH 32 3M1HU TEMTIC PaTypH.

EKCIIEPUMEHT I OFI'OBOPEHHA
PE3VJIBTATIB. 1ns nocmiKeHHS BIUTUBY
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Ha B'SI3KICTHh HA()pTH BHUKOPUCTOBYBAIH CH-
BYILIHE MAacjl0 HACTYIHOTO CKJIaAy TaOJuLs
1 (naHi BUpOOHUKA).

TaOonunmsal

Cku1aJ CHBY IIIHOTO MAacJjia
PeuoBuHa | Bwmict, %
[30amitoBHUI ciUpT 47.00
[306yrunoBuii cnupt 16,40
H-ByrunoBuit ciupr 0,80
H-IIpomintoBuii cnmpT 18,50
ErunoBuii crmpt 8,20
MeTtunoBuii ciupt 0,02
FCKC‘I/IJ'IOBI/II\/'I CIUpT Ta IHII 035
BUIII CHUPTH '
[IpomionoBa kucIOTA 0,28
H-MacisiHa Kuciiora 0,04
H-BanepianoBa kuciora 0,16
Edipu 0,79
Anperini 1 KETOHU 0,42
[H1I1 Opra”¥H1 CrIONIyKH 2,05
Bona 5,00

3pazku HapTU OYyJIO B3STO Yy PI3HUX POJIO-
Bumax I[BaHo-@paHkiBchbkoi oOmacti. Dizu-
KO-XIMIYHI XapakTepHCTUKH HadTH BU3HAa-
Yaau 3a JOTIOMOTOI0 HACTYNHHUX METOMHK:
“T'OCT 2477-2014. HedTp u HedTenpoayk-
Tel. MeToa ompeneneHus coAepXKaHUs BO-
aer”, “TOCT 11858-66. Hedtp 1 HEpTEIPO-
OyKTBl. MeToj ompelneleHus CcoaepKaHus
achampToBO-cMOUCTHIX BemecTB”, “T'OCT
11851-2018 Hedts. MeTOabl ompemesie HUs
napapunos”, ‘TOCT P 50802-95 Hedrts.
MeTton omnpeneneHus: CEpoBOAOPOAA, METHII-
u stwimepkantadoB”, “TOCT 32463-2013
HedrenpoaykTsl. OnpeneneHue temuepary-
pbl TOTEPU TEKYy4eCTH METOJIOM aBTOMATH-
yeckoro HakjoHa”, “‘T’"OCT 6370-83. Heds,
HeTeNpOyKThl U Hpucaaku. Meron omnpe-
naeneHus Mexanndeckux npumecein”, “T"OCT
2177-99 Hedrenpoaykrsl. MeTobl onpeie-
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neHust GpakmuoHHOTO cocTaBa”. PesynpraTu
BUIIPOO yBaHb HaBeJeHI y Ta0auIy 2.

JIns moganbIiuX JOCHIKEHb MiATr0TO-
BKa HaTH ckyiananacs 3 HACTYIHUX €TaiB:
3HEBOJIHE HHSI, 3HECOJICHHs, cTabimizamis [9].
Crabini3amiro MPOBOAWIM 3a TEMIIEpaTypu
110-120 °C y ko161 Bropa.

HaptoBMucHI cucteMu TOTyBadu Yy
crBBigHONIEHHAX: SM.4. CM 1 95 m. u.
HadTy, 10 M. 4. CM 1 90 Mm.u. HadTH, 20 M.4.
CM 1 80 m.4. HapTH, BUMILITyBaJIy Ha MarHi-
THi# 3mimryBanm npu 500 o6/xB. 3a Temre-
patypu 30 °C.

TaOonwuisa?2.
XapaKTepucTUKH Ha(pTH
[Tapametp 3HauYCHHA
I'ycruna 3a 20 °C, rm/cm” 0,964
Bwmict BinpHOT Boau, % -
BMmicT kpucranorigpatHoi <0.03
Boau 3a JliHom — CtapkoMm, % '
Cymapnuii BMicT cMolt, % 15,66
BwmicT niH #tHH X cMoJ1, Y% 3,19
Bwmict (I)eHgnoq)opManL;[erm- 10,12
HUX cMoL, %o
Bwmict HadroBux cmoi, % 1,20
Bwmict acgansrenis, % 0,91
Bwmict mapadinis, % 0,93
CyMapHHUii BMICT CIIOJIYK CIPKH, 168
% 3
goMiCT cipxoBomHio (32 S 27), 3,210 4
. . 2
BMICT MepkanTaHiB (mo S <), ~1,4810°4
0

Brpara pyxnuBocti3a Temiie- 298

o 1
patypu, °C
CymapHUii BMICT MEXaH MHUX
JIO-MIIIOK (PO3YMHHHK — OCH- 10,085
3uH), %
MexaH i4yH1 JOMIIKHA, % 0,52
3aconeHicTh BoaU (3acole-
HICTh Ha(TH), r/em® 1,0031
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Opaku iiHUHN cKi1aj (Mac. 4yacTka, %) 3a pis-

HUX TEMIIEPATYP
Temneparypa, °C | Bnauenns, %

To 40 0,295
40-60 1,151
60-90 3,294

90-120 4,34
120-180 4,305
180-230 10,759
230-305 32,692
305-400 19,04
400-450 13,299
> 450 (500) 10,347
3 IIOK M iCIIs TPOYKapPIO- 0,478

sanus (500 °C)

OCHOBHI pPeEOJIOTIUHI MapaMeTpHu OTPU-
MaHUX CHCTEM — €(EeKTHBHY B S3KICTh 1 1
Hanpyry 3cyBy T (Ila), Bu3Hauanu 3a gomno-
Moroto ‘“Rheotest—2" 3 BUMIPIOBaIbHOIO CH-
cremoro S/S; (KoakciallbHi T'JIaJCHbKI ITWITi-
HApHW) Yy [Jlama3oHi MIBUAKOCTEH 3CYBY
D=1,0-1312¢c™.

TeroBuii edekr 3acTuranus HapTH 31
BMmictoM 20 mac.% CM BiactexyBaiu y
TEPMOCTAaTi 3a MOYATKOBOI TemrmepaTypu 45
°C i 3a cranorw temneparyporo 10 °C y npu-
MIIIEHHI 3a JOIOMOIOI0 JIBOKAaHAaJIbHOI'O
enekTporHoro Tepmometpa «VOLTCRAFT
PL-125-T2USB» (tepmomapu Tuny K -
XpOMeEITb- ATFOMEJTb) YIPOJIOBXK 3-X TOIUH 3
iHTepBasioM (pikcauii Temnepatypu 1c.

HocnimxyBaHa HaTa € TUINOBOIO He-
HBIO TO HIBCHKOIO PIIMHO0. 32 PEOJIOTiYHUM U
XapaKTePUCTUKAMU 1€ B'SI3KO-TIPYXKHA CHUC-
TE€Ma, OCKIJIbKM B YChOMY 1HT€pBal 3MI1HHU
Hanpyru 3cyBy Bia 1,13 no 129,36 Ila (uBu-
nxicts 3cyBy 3—1312 ¢*) 3a 30 °C He BusiB-
JIEHO JIIHIWHOI 3aJIE’KHOCTI 1 JIMIIE 3 IIBU-
meHHsaM temrnepatypu 10 40 °C 1 Bue 3a
Hanpyru 3cyBy noHan 4,24 Ila vadra moso-

102

JIUTHCS Maibke SK HBbIOTOHIBChKA piIMHA
(puc. 1).

n, Ma-c
0,4 7

=]

0,3 1 -

0,2 1

0 20 40 60 80 100 120 140
T, Na

Puc. 1. 3anexHicTh TUHAMIMHOT B s3K0CT1 Ha (-

THA BiT Hampyru 3cyBy 3a temrepatrypu 30 (1),
40 (2)i50 (3)°C

Bruiue CM Ha peosioriuHi XapakTepuc-
TUKW HAaQTH JOCIIIKEHO TAKOXK 32 TEMIIEpa-
TYpH, HIDKYO1 BiJI TOUKH BTPATHU TEKYUOCTI, a
came 3a 20 °C. Ha puc. 2 mpejacTaBieHO Xa-
paKTe pHUM AJIS OO HUX CUCTEM TiCTEPE3UC
JIMHAM14 HOT B A3KICTI HaTH.

D,c
1400 -
1200
1000
800 - ~1
)
600 -3
4
400
200
0 - -¢’ 1 | | 1 T T 1

0 50 100 150 200 250 300
n, Ma-c

Puc. 2. JlunamigHa B’s3KiCTh HaTH 32 TeMIe-

parypu 20 °C (1 — npsmuii xing, 2 — 3BOpOTHIi

Xim) 13a nomaBanHsM 10 % cuBynmoro macia (3

— IpsAMUH Xin, 4 — 3BOPOTHHIM Xim)
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Puc. 3. /lunamika 3acTuranHs HaTu 3 MaCOBOIO
Y4acTKOIO0 cUByHHOTO Macia 20 %

Toit ¢akT, mo JiHIA OPIMOro XOAy He
MOBTOPIOE JIIHIIO 3BOPOTHOTO XOAy, IO Xa-
PaKTepHO AJIS PiIMH, B SKHUX 3a CTAIO1 MIBU-
JIKOCTI 3CYBY Hallpyra 3CyBY Ta e€(peKTHBHA
B'3KICTh 3MCHIIYIOTHCS Yepe3 IMOCTYIOBE
pyHHYBaHHS TPOCTOPOBOI CTpykTypu [8],
CBIJIYUTH MPO HASBHICTH y HA()TU TUKCOTPO-
nHux BhactuBocteil. I[lpucythHicth CM
Maike He 3MIHIO€ HaIpyry 3CYyBY, ajie He-
3HaYHO 301JIBIIYE MJIONIY METIi TiCTepe3ucy,
[0 BKa3ye€ Ha 30UIbIICHHS THUKCOTPOITHOCTI
CHUCTEMH.

[[To60 BM3HAYWUTH MOJKIUBICTH YTBO-
PEHHSI €BTeKTHKH 1, SIK HACJIIJIOK, 1/1€a]Tb HOTO
po3uuny HadTy 3 BMicToM 20% CM oxoio-
JOKYBAJIH IO BTPATH TEKYYOCTi.

3a pe3yibTaraMu JOCHIKEHb TEMIIe-
paTtypa 3acturanns craHosmia 28,8 °C, (puc.
3). Pi3HuIy TemMmepaTyp BTpaTH PyXJUBOCTI
yucTtoi HadTH 1 HahpTH 3 CM cTaHOBMIIA JH-
me 1,0 °C. Illo cBig4ure mpo BiACYTHICTH
YTBOPEHHSI €BTEeKTHKH, a CM € nuiie po3-
YUHHUKOM Ta EMYJIbCl1HHUM CEepeIOBUILEM.

ISSN 2708-129X. YKP . XIM . XVPH ., 2020,

n, Ma-c
1:2)

1-

+1

-~

038 - 2
+3
06 - il

04 1

0,2 1

O T T T T T T 1

60 80 100 120 140
T, Na

Puc. 4. lunamiuna B s3kicth Hadru 3a 30 °C (1)

Ta 32 MacoBOi YaCTKM CHUBYIIHOTO macia 5 %
(2),10% (3),20 % (4)

VY cuctemi HadTa 3 gonaBaHHIM 5%
CM crnocTepiraetbcst 301IbIICHHS JUHAMIY-
HO1 B’A3KOCTI A0 Hampyru 3cyBy 12 Ila, mo-
ni0Ha TOBEMIHKA Ma€ MicIie W 31 BMICTOM
CM 10%, ane 31 3MEHIIEHHAM B’ A3KOCTI NpHU
Hanpy3i 3cyBy 5,65 Ila 3 63 wmllac no 35
Mmlla'c BignoBigHO (puc. 4).

Lle, BiporigHo, MOXke OyTH TMOB’A3aHO 3
TiM, 110 CM MOBHICTIO HE PO3UMUHIETHCA y
HadTi i, O6a OinmbIe, YacTKOBO “BUTATYE”
(ekcTparye Ta po34uHs€E y c001) JEeTKI TMOJIs-
pHI ByrjeBOoJHI HaTH, HACIIIKOM 4YOTO €
YTBOPEHHs OUIbII CTIWKOI eMyJIbCiHHOT cuc-
TEMU.

Cam xe xapaktep cucteM Haptu 3 CM
rpadidyHO HE ayXKe BIAPI3HAECTHCA BiJ Ha)TH
6e3 CM. Boanouac sikmo Hadra mana au-
HamiuHy B's3kicTe 135 wmlla'c 3a Hampyru
3cyBy 20 Ila, To B'si3KicTh HaTH 31 BMiCTOM
20 % CM s3amunacs no 51 wmllac. Ilpnm
IbOMY CHCTEMH 3aJIMIIIMIUCS THKCOTPOITHU-
MU 1 CXWIBHUMU J0 CTPYKTYypyBaHHS (3Hau-
HEe 3MEHIIEeHHS B'S3KOCTI B iHTepBami Big 0
no 27 Ia).
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I3 maBumenusiM Temnepatypu g0 40
°C BB CM 3HayHO OCJIa0IOBaBCs 1 3a
Harnpyru 3cyBy noHaj 2 Ila nadra i cuctemu
HaTh i3 CM maroTh B's3kicTh 28—53 mlla'c
(Puc. 5).

n, Na-c
0,3 1

=1
-2
0,2 1 -3
il

0 10 20 30 40 50 60
T, MNa

Puc. 5. [lunamiuna B s3kicte Hadru 3a 40 °C (1)
Ta 32 MAacoBOI YaCTKH CHBYIHOTo Macia 5 %

(2), 10 % (3), 20 % (4).

I3 3aranbHOT 3aJ1€3KHOCTI 33 3HUXKE HHSAM
nMHAMIY4HOT B's3Kk0ocTi 3a HasBHOocTi CM 1e-
o BUmgeThca cucteMa 31 BmictoM 10 %
OCTaHHBOTO. JIMHaMiuHa B'S3KICTh I€l CHC-
TeMu Oinbmia, HDK HapTU 31 BMicTOM 5%
CM. Ile, iMOBIpHO, MO>XHA TIOSICHUTH THM,
[0 CHUBYIIHE Macji0 MICTHTh 3e0LIBIIOTO
BHUCOKOTIOJISIPHI PEYOBUHHU TOPIBHAHO 3 all-
KaHaM¥u HaTH, a OTXKe, BOJIOJIE U OUIBIIOI0
PO3YHMHHOIO 3/IaTHICTIO CMOJHUCTUX PEYOBHH
[10, 11] i oTke, — pO3YMHHICTIO B HUX. | 7151
mel HagTu 3a Temnepatypu 40 °C mexa po-
3unHHOCTI CM y HadTi 3HaXOOUTHCS Y Me-
xax 10%.

BUCHOBKH. Y xoxa1 poBEICHHUX J10-
CKEHb BCTAHOBJICHO, IO JOJAaBaHHSI S5—
10% cuBymrHOTO Maciia 3a JESKUX YyMOB
MOe 30UIbLIYBAaTH JIUHAMIYHY B’SI3KICTb

104

HadTH 3a Hampyru 3cyBy mo 12 Ilay 1,5—
2,5 pa3u. lle moTpiOGHO BpaxoByBaTH IpHU
BUKOPUCTaHHI CHIHPTIB (Ppakiii CHUBYIIHOTO
Macljia y TpacepHHX JOCHTIIKEHHAX Il PO3-
PaxXyHKY MIBUAKOCTI (ibTparyi.

OckiIbKM ~ TeMmIiepaTypa 3acTHUTaHHS
CIUpPTIB  (Ppakilii CUBYIIHOTO Maclia HIKYa
3a-50 °C, a momaBaHHsd CUBYLIHOIO Macia y
kutbkocTi 20 % (3a Macor0) 3HWKYE TeMIIe-
paTypy 3acTuranss cuctemu jumie Ha 1,0 °C
— IIe CBIAYMTH MPO T, IO Y TaKii cucTemi
HE YTBOPIOIOTHCS €BTEKTHUKHU.

3 ornsiay Ha Te, 1m0 mapadiHu 1 CMOJIU-
CTI PEYOBUHU HE YTBOPIOIOTH 13 CUBYIIHUM
MacJioM ICTMHHUX pO3YUHIB 1 EBTEKTUK,
OTpUMaHI CHCTEMH 3aJTUIIAIOTHCS TUKCOTPO-
MTHUM ¥, HE HHIOTO HIBCBKUMU PiJTUHAM U

TEMIIEPATYPHAS 3ABUCUMOCTH JU-
HAMWYECKOM BS3KOCTU U TUKCO-
TPOIIMU BBICOKOBS3KON HE®TU B
[TPYCYTCTBUA BBICIIINX CIIMPTOB ITPU
PA3HO KOHLIEHTPALIMU

A. A. Konogain, A. C. Makapos

HHncmumym KoanouoHou Xumuu u Xumuu 600bl
um. A. B. [lymanckoco HAH Yxpaunui,
Ykpauna, 03134 Kues, 6-p Axademuxa Bepna-
ockozo, 42, men. 044 424-0196,
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JloctaBka BBICOKOBSI3KOI HedTH, KOTOopas
JEMOHCTPUPYET 3HAUUTENBHOE CONPOTUBIICHHE
JABJICHUIO, OT CKBAaXXUH K IepepadaThiBaro LM
3aBOJIaM JaBHO SBJIETCS] IPUYMHOM 3aTpaT dHe-
pruy IpU TPAHCIOPTUPOBKE IO TPYOOIPOBO-
JaM. C LeIbl0 CHUKECHUS PACXOJI0B UCHOJIB3YIO-
TCsl pa3JIM4HbIE METO/bI: HarpeBaHue, pazoasiie-
HUE, YIbTPa3ByKOBOE BIIMSIHME, 3MYJIbIUPOBa-
HUE B Boje. MbI HCCe0BaIU BIUSHUE CUBYII-
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HOTO Macjia Ha PEOJIOTHUECKHe M (u3uUYecKue
XapaKTePUCTUKU BBICOKOBA3KOM HE(TH C LIEIbIO
CHU)KEHUs €€ AMHAMMYECKOM BS3KOCTH M, KaK
CIICZICTBHE, CHI)KEHHUE COTIPOTHBIICHUS CUCTEMBI
OpU  TPAHCHOPTHPOBKE IO  TPYOONPOBOLY.
Ycranoieno, uro go6aska 5—10 % cuBymnmoro
Macjia Ipu HEKOTOPBIX YCIOBUSX MOXET YBEJIH-
YUBaTh JAWHAMHUYECKYIO BS3KOCTh HE(TH. DTOT
(akT HEOOXOAMMO YYUTHIBATh MPU HCIOIH30BA-
HUW CHOHUPTOB (pakuWM CHUBYIIHOTO Maclia B
TPAaCCepHBIX HCCIENOBAaHUAX. MEHBIIyI0 BA3-
KOCTh HE()Th B NMPUCYTCTBUM CHBYIIHOTO Macia
umena nipu temreparype 30 °C u 40 °C. I[Ipu
TOM C POCTOM HampspkeHus: casura 6omnee 10
[Ta HaOmroaeTcs MOYTH JIMHEHHAs 3aBUCHMOCTD
B CHUIKEHHUU BSI3KOCTHU KaK JUId HE(TH, TaK U A7
CHCTEM He(pTU C CHBYIIHBIM MaclIiOM B JWaraso-
He oT 5% 1o 20%. B To ke Bpems xapakrep Te-
YEHMs CUCTEM HEe(ITU C CHUBYIIHBIM MacioM IpU
U3MEHEHUN HalpspKEHUs CIIBUTAa M TeMIepaTyp
MOYTH TMOJHOCTHIO OTBEYAET MOBEACHUIO HETH.
B nenoM, yuuThiBasi MEHBIIYIO BSI3KOCTh CHBY-
IIHOTO Macja, MOBEAECHHUE CHUCTEM 3aKOHOMEPHO
3a MCKIIOUYEHUEM CHCTEMbl He(Th ¢ J100aBKOM
5% cuBymmHoOro Macia mpu temmneparype 30 °C,
rae JMHaMUYecKas BS3KOCTh OKa3ajlach BBIIIE
BS3KOCTH HE(TH B WHTEpBaJe HANPsHKCHHH
caura ao 10 Ila. Ilpu 3ToM, coriacHO pe3yib-
TaTaM HMCCIIEI0OBAaHUs, MAJIOBEPOSTHO, YTO CHUC-
TEMBI 00pa3ylOT €BTEKTHUKH, ITOCKOJIBKY TeMITe-
patypa 3acThIBaHUs MccielyeMoil Hedru Oblia
29,8 °C, Temmeparypa 3acTHIBAaHHMS CIIMPTOB
¢paknuu cuBymHoro macia Huske -50 °C, a cu-
creMbl He(rh : cuBymHoe macio 80:20 cocra-
suia 28,8 °C. [Nosy4eHHbIE CHCTEMBI OCTAIOTHCSI
TUKCOTPOIIHBIMH M HMEIT HEHBIOTOHOBCKHIA
XapaKTep TeYeHMs], TO eCTh napaduHbl U CMOJH-
CTBIE BeIeCTBAa HE 00Pa3yIOT ¢ CUBYIIHBIM Mac-
JIOM CTUHHBIX PACTBOPOB M 3BTEKTHUK.

KniodyeBble ¢ J10B a: BBICOKOBA3Kas HE(PTH,
PEOJIOTUYECKHE  XapaKTEPUCTUKU, CHUBYIIHOE
MacJl10, TAKCOTPOIIHOCTb, BSI3KO YIIP yTOCTb.
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THE TEMPERATURE DEPENDENCE OF
DYNAMIC VISCOSITY AND TYXOTROPY
OF HIGH-VISCOUS OIL IN THE HIGH AL-
COHOLS PRESENCE AT DIFFERENT CON-
CENTRATION

O. A. Konoval, A. S. Makarov

A.V. Dumansky Institute of Colloid and Water
Chemistry of National Academy of Sciences of.
Ukraine, 42, Vernadsky ave. Kyiv, Ukraine,
Phone: +38 044 424-0196,

e-mail: himikjus@ukr.net

The delivery of high-viscosity petroleum, which
demonstrates significant resistance to pressure,
from wells to refineries has long been the cause
of energy costs during transportation through
pipelines. In order to reduce costs, various
methods are used: heating, dilution, ultrasonic
effect, emulsification in water. We have
investigated the effect of fusel oil on the
rheological and physical characteristics of high-
viscosity petroleum in order to reduce its
viscosity, and as a result, reduce the resistance
of the system during transportation through the
pipeline. It has been established that the addition
of 5-10% fusel oil under certain conditions can
increase the petroleum dynamic viscosity. This
fact should be taken into account when using the
fusel oil fraction alcohols in tracer studies. The
petroleum has a lower viscosity in the presence
of fusel oil at a temperature of 30 ° C and 40 °
C. Moreover, with an increase in shear stress of
more than 10 Pa, an almost linear dependence is
observed in the decrease in viscosity for both
petroleum and petroleum systems with fusel oil
in the range from 5% to 20%. At the same time,
the nature of the flow of petroleum systems with
fusel oil with a change in shear stress and
temperature almost completely corresponds to
the behavior of petroleum. In general, given the
lower viscosity of fusel oil, the behavior of the

105


mailto:himikjus@ukr.net

O.A4. Konosan, A.C. Makxapos

systems is logical except for the petroleum
system with the addition of 5% fusel oil at a
temperature of 30 ° C where the dynamic
viscosity was higher than the viscosity of the
petroleum in the range of shear stresses up to 10
Pa. Moreover, according to the results of the
study, it is unlikely that the systems form
eutectics since the pour point of the test
petroleum has 29.8 ° C, the pour point of the
alcohol fraction of fusel oil is lower than -50 °
C, and the petroleum: fusel oil 80:20 system has
28.8 ° C. The resulting systems remain
thixotropic and have a non-Newtonian flow
character, that is, paraffins and resinous
substances do not form true solutions and
eutectics with fusel oil.

Key words: high viscosity petroleum, fusel
oil, rheological  properties,  thixotropy,
viscoelasticity.
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BIL/IUB 3AMICHUKIB HA IIBUJAKICTb PEAKIIII META- I ITAP A3BAMIIIEHHUX
BEH30MHUX KHUCJIOT 3 AHUIIHOM, IO KATAJII3YETHCA
HHOIBYTOKCITUTAHATAMUA

Haykoso-mexniuna ycmanosa «lncmumym XimiuHOI mexHONO2H ma NPOMUCIOBOI eKON02iiy,
ni. Xiwixis, 3, Pybixcue, Jlyeancvra oon., 93009, Ykpaina
*e-mail: leon.shteynberg@gmail.com

Karaniz nonioyrokciTutanaraMu ainuiIlOBaHHS aHUTIHY MeTa- 1 rapa3aMilieHUMHI
OCH30MHMMHU KHUCIIOTaMHU TPU3BOJMUTH JI0 OTPUMAHHS 3aMmimieHuX OeH3aHuTinB. KoHC-
TaHTH HIBUJKOCTI I1i€T1 peakiii Ipyroro nmopsaKy (MepImii mo aHLTHY 1 3aMillieH i OeH-
30MHIM KMCIIOTL, KMIULIYUN opmo-kcunon, 145 °C) noOpe KOpenroloThCs 3 pIBHSIHHSAM
['ameTa nBOMa BiIpi3KaMH MPSAMUX AJIS1 OKPEMUX TPYI 3aMicHUKB B3 p = 1.76 (enekrpo-
HOoHOpH ) 10.12 (eneKTpoHOAKIENTOPH ). 3 Mi€T 3aJIKHOCT1 BUTIAIal0Th OKCHOEH301H] 1
drangeBi KACIOTH, K1 HE pearyrTh 3 aHUTIHOM Ta HTIOYIOTh B3a€EMOIIF0 OCTAaHHBOTO 3
OeH30itHO0 KucnoTo. Ha mifcTaBi BKa3aHUX JTaHUX, @ TAKOXK PE3yNIbTaTIB paH ille mpo-
BEJICHOTO B MOPIBHJIBHUX YMOBaxX JIOCTIPKEHHS B3a€MOJl 3aMIIIEHUX aHUTHIB B3
OCH30MHOI0 KHUCIIOTOIO, 3aIIPOIIOHOBAHO MEXaH BM O1()yHKITIOHAJIBHOTO KaTaji3y 3a pa-
XYHOK YTBOpPEHHS B IEpIIl XBUJIMHHU peakuii in situ monioyrokcibeH30aTiB TUTaHY —
CIPaBXXHIX KaTaJi3aTOPIB IPOIECY.

HyxneodineHuil 1EHTp KaTaiiBaTopa MOXKe OyTH TPEACTaBICHO KapOOH UTbHOIO
IPYIOIO MOB'S3aHOT0 3 aTOMOM TUTaHy 3aMillleHoro OeH30aTy, 1o yrBoproe H-3B's130K 3
aTOMaMH BOJHIO aMIHOTPYIHU aHUIHY, aKTUBOBAHOI'O TaKUM YMHOM JI0 B3a€MOJII 13 3a-
MIIIEHO OCH30MHOI0 KUCIOTO. SIK eeKTpo GUIbHUHN IEHTP KaTaixiBaTopa, 10 aKTHBYE
KapOOH UIbHY TpyMy 3aMillleHOT OEH30MHOT KUCIOTH A0 HYKI€O (QUIbHOT aTaKu aH UTiHOM,
MO’KYTh BHUCTYIIAaTH aTOMU TUTaHy MOJITUTaHATy (KOOpAMHALIMHUI KaTaiB) Ta ixHI
KOMIIJICKCH 3 YTBOPEHUMH 3aMIICHUMH OcH3aHUTigamu (KucinoTHui Karaniz). [loB's3a-
HUW B 3aMilIEHIM OEH30aTOM aTOM TUTaHy MPOSIBIISIE, 3AJIC)KHO Bill MPUPOIU 3aMic-
HUKa, PI3HY KaTalITU4YHY aKTHBHICTb.

KniodoBi1 cioBa: nomOyroKkCITUTaHATH, KIHETHKA, KOHCTAHTA IBHUJKOCTI pe-
akiii, 3amimeHi OCH30MHI1 KUCIOTH, aHUIH, 3aMmimeH1 OeH3aHUTinW, pBHSHHA [a-
M€eTa, KaTalli3.

BCTVII. N-Apinaminun apoMaTHUHUX MEIWYHHUX TpenapariB, TEPMOCTIMKHUX IOJIi-
Kap-OOHOBUMX KHCJIOT BiJJOMI SIK OCHOBA Mec- MepiB pi3HOro mnpusHaueHua [1, 2]. Otpu-
THUIWIB, O ApBHUKIB 1 MIMEHTIB, CYOCTaHIIA MaHHI X MPSMOIO0 B3aEMOJIEI0 apoMaThy-
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HUX KapOOHOBUX KHUCIOT 3 apoMaTH4dHUMH
aMiHaM¥ TIPOTIKAE 3 BITHOCHO HM3bKMM BU-
X0JI0OM HaBiTh 3a MiABUIICHOI TeMIIepaTypH,
a I0JIaTKOBE BUKOPUCTAHHS B LIUX MPOLIECAX
XJIOPBMICHUX KOHJICHCYIOUHUX areHTiB CY-
MIPOBOJIXKYETHCSI YTBOPEHHSIM BEJIUKOI KiJib-
KOoCTi Biaxo/iB [3]. ToMy BHUBYEHHS MPSIMOTO
KaTaJliTUIHOTO AaI[MIFOBaHHS apoMaThdHUX
aMiHIB apOMaTHIHUMH KapOOHOBUMHU KHC-
JOTaMU € BaXJIMBUM HAYKOBUM 1 MPaKTHU-
HUM 3aBJaHHSIM.

Panime moka3aHO MOMJIMBICTH CHUHTE3Y
aHUTIIB apOMaTUdHUX KapOOHOBUX KHCIIOT
B3aEMO/Ii€I0 HaPTOWHOT 1 3aMillleHUX Oe H-
30MHUX KHUCJIOT 3 AHUTIHOM Yy MPHUCYTHOCTI
teTpabytokcititany (TBT) 1 mpoaykTiB #ioro
ripoJtizy nonidyrokcititanatis (PBT)
[4, 5] Ta BUBYEHO BILIMB 3aMiCHUKIB y peaK-
mi 3aMillle HUX aHIJIiHIB 13 O€H30MHOIO KHC-
J0TOM0, 1110 KaTamizyeteess PBT [6].

Merta 1i€i poOOTH — BUBYEHHS BIUIUBY
3aMICHUKIB y peakwisfix 3amileHuX OeH30 -
HUX KHUCJIOT 3 aQHUTIHOM, IO KaTalli3yKThCs

PBT:

_@COOH @"\ i- \@COX©~ B0,
NHC
Oy

COOH

EKCIIEPUMEHT I OBI'OBOPEHHA
PE3VJIBTATIB. TpuxiopObeH30, aHIIIH,
OpmoO-KCWIOJ, 3aMimeH OCH30MHI KHUCJIOTH
XCgH,COOH (X H, 3-CH;, 4-CHj;, 3-
OCHjs, 4-0OCHj3, 3,4-C,H,; 3-NH,, 4-NH,, 3-
F, 4-F, 3-Cl, 4-Cl, 3-Br, 4-Br, 3-1, 4-1, 3-
NO,, 4-NO,, 4-COOH, 3-OH, 4-OH) ouw-
[IaJIM 1 BUKOPUCTOBYBAJIU SIK y poOOTax [4—
7]. llpurotyBaHHs KaTaji3aTopa, MPOBEJIECH-
H KIHSTMMHUX BUMIpIOBaHb (CKJAJ BHXIJI-
HOi cymimi — 8.2 MMOJs 3aMileHoi OeH-
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3o0iHOi kucinotu XbBK, 16.4 MMOJLL aHiJTi HY
AH, 0.164 mmoms PBT, 40 cm® OpmMo-KCu-
JIOy) 1 aHaII3 peaKIiHHUX Mac BUKOHYBAJIH
sk y poborti [6].
B3aemoito amiHOOEH30 HHMX KHUCJIOT (X
3-NH,, 4-NH,) 3 anumiHOM 1 BuUmiJie HHA
OTPUMAaHUX MPOAYKTIB MPOBOAWIN 32 METO-
JTUKaMH, OTTMCAaHUMH B po0OoTi [4]. UuctoTy
OTPUMAHMX TMPOAYKTIB KOHTPOIIOBAIM 3a
TEMIIEPaTypoOI0 IUIABJICHHS, TOPIBHIOIOYHU 3
JTiTepaTypHUMH JTAHUMH, METOJIaM U
ToHKOIIapoBoi xpomatorpadii (THIX), Y-
CIIEKTPOCKOITI1, €JIe-MEHTHIM aHaJT130M.

Buznavenns xomopy xomnnexcie. o 20
cM’ opmo-kcwnosty poxaasanu 0.004 mon
XBK, 0.001 mon PBT, marpiBanu go 100 °C,
BUTPUMYBAIU BIIPOJIOBXK 5 XB 1 Bi3yasibHO
OIIIHIO-BAJIU KOJIIP PO3YMHIB Y MPO XITHOMY
CBITJII.

[U-cnekTpu 3amucyBaiu Ha MNPUIIal
«Specord UR-75» y tabnerkax  KBr.
AHam3 peakIiiHUX CYMIIIEH METOJ0M
TIOX npoBoawnu sk y poboti [6].

JlocnmikeHO  KIHETHUKY — aIlMJIFOBaHHS
animny XbK y mpucytnHocti PBT mnpu
MOCTIMHMX  TOYAaTKOBHUX  KOHICHTPAIIIX
BUXIJIHUX PEYOBHH 1 Karaji3atopa B OKpe-
MHUX cepisX ekcrnepumeHTiB. Peakiiro mpo-
BOJIMJIA B TIOBITPSiHIM aTMOC(]epi, OCKIJIbKH B
X YMOBax, SK TOKa3aHo B poOoTi [6],
AHUIIH HE CXWIBHHHA 110 OKWUCJIEHHSI, 1 HE
CIIOCTEPITAETBCS  3HWKEHHS ~ aKTUBHOCTI
KaTaji3atopa TOPIBHIHO 3 PEAKINEr, IO
MPOBOJIUTECA B aTMocdepi a3oTy.

Anamopho3u  KIHETHY HUX KpHMBUX
(Kyag't) mmst Beix animiaiB (XbA) o6uuciio-
Balu 3a (QopMmysiaMHu, NpPEACTaBICHUMU B
po6oTi [8]. Jliniiinuii xapaktep anamopdo3
B koopauHarax (K.g, 1)—1, 3a cTyneHs me-
perBopeHnss XbK we Oimpme 40-45%
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Puc. 1. Anamopdo3u KHETHUYHUX KPUBHX
OTpUMAaHHS 3aMILIEHUX OeH3aHlTinIB
XCeHsCONHCgHs: X =1-H; 2 — 3,4-C4Hy; 3 -
4-F;5-4-Cl, 6-4-Br; 7—-4-1;10-3-Cl; 11—
3-Br; 14 — 3-CHgs; 16 — 4-CH; (a); X =4 - 3-
OCHs; 8- 3-F; 9 — 3-I; 12 — 3-NO»; 13 — 4-
NOy; 17 —4-OCHjs (6)

(puc. 1) y Bcix BUIaIKax, CBIIYHTh MPO TE,
mo 1ei mporec GOpMaTbHO € PEaKIi€ero
apyroro nopsaky: nepmoro no Axn1 XBK
[9].

3a TaHre€HCOM KyTa HaxWily aHaMop-
¢$o3 Oyno po3paxoBaHO KOHCTAHTH IIBU-
JIKOCTI peakIii, MO0  CIOCTePIraroThCs
(Kenoer), BUpaXkeHI uyepe3 KOHCTAHTH IIBU-
akocTi KatamTudHOi (K,) 1 HeKaTamiTHd-

110

HOT (Kyerar) PEAKINi:

kCl'IOCT = kHCKaT + kKaT '

(@)

Bimomo [10], mo HekaramiTHuHA B3ae-
MO/I1s1 3aMIIEHUX aHLIHIB 3 0€ H30 MTHOIO K U-
cnororo mipu 160 °C (ug Temnepatypa 0yiu-
3bKa JI0 TEMIIepaTypu amilyBaHHI B Opmo-
kcwnom — 145 °C) mpoTikae siK peakiis
JPYroTO MO PSIKY: TIEPIIOro Mo amiHy 1 0€ H-
30UHIN KHcyoTi. ToMy MOKHA MPUITYCTHUTH,
0 HEeKATATTHIHE AaIlMIIOBAHHI B Opmo-
KCHJIOJI TaKOX € MPOIECOM JAPYroro Mopsj-
Ky, 1 00UHCTUTH K¢ ar , BUXOAIUH 3 POPMY-
.

Wierar = Kiexar' ([AH]o ~[XBK]o +[XBK],)-
‘[XBK];, 3)

ne [XBbK]; — xonnentparmist XbK (Mob i1
)y moment uacy t,ron; [Au], i [XBK],
— noyaTtkoBl koHuEeHTpami AH u XBK
BinmoBigHO. [Ipu momy W, po3paxo-
BYBIU SK CEPEIHIO IBUIKICT JJISI BU-
xony XBA 3a 6 rox 3a dopmynow [9]:
XBK]o—[XBK
= SR

Hns Bcix XBK, kpim X = 3-NO, i 4-
NO,, HeKkaTaliTUYHa peakuiss IpoTiKae 3 BU-
xosoM He Oinbrre 0.5-1.0 % 3a 1 roa. Tomy
po3paxoBaHUMU 3a piBHAHHAMU (3), (4) 3Ha-
YEHHAMH Ko par, 3 OTJBSIIY HA TXHE BiJHOCHO
MaJie 3Ha4YeHHs, B pIBHAHHI (2), 5K 1 paHile
JUJISL AIITIOBAHHS aHIIIHY OCH30MHOIO KHCJIIO-
TOIO, MOKHa 3HexTyBaru. Jlms wmerta- i
napaHi TPOOEH30 MTHOT KHCJIOT BUXiJ aHLTIIIB
3a 2 TOJ. HAa HEKATANITUYHY pEaKIilo CTa-
HOBUTh, BIANOBIOHO, 4 1 5 %. Buxogsuu 3
ux aanux, 3a popmymnamu (2)—(4) Oyio
06uncieHo K., (0.0488 i0.0513 1-mox ")
iKep (2.086412.1577 1Mo V).
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Tadbnuus
Peaknis 3-i 4-amino0eH30HOI KHCJIOT 3
animinom (PBT, opmo-kcuion, 145 °C)

No Yac, Buxiz, Tin
X Tox % nomaMinis, °C
4- 4.0
1 NH, 2 (3.0°) He mnas. no 360
199-210,
2 -I- 6 12.0 He mnas. go 360
B 199-210,
3 -I- 3.5 65.0 He mnas. go 360
4 -1l- 6 13.5°  He mnas. g0 360
3- a
5 NH, 2 25 (247 230-280
6 -1l- 7.5 45 230-280
7 - 75 265° 230-280

IMIpuwmit xu. * B ayKkax HaBeleHi qaHi
pobotu [4]; Peaxmis mpoBoauacs: 3a
BUICYTHOCTI aHiTiHy, "y TpUXIOpOEH30II1
npu 210-220 °C.

Jlns OinbIl MOBHOI OLIHKU BIUTUBY 3a-
MICHUKIB BUKOPHCTAIHU 1 JaHl 3a MIBUIKOC-
TIMH  peakuii 3 aHuniHOM  3- 1 4-
amMiHOO€eH30 MHOT KucaoT. Panilme noka3aHo
[4], O L KWCJOTH pearyTh 3 aHiJiHOM
He 10 piBHSAHHIO (1), a 3 yTBOpPEHHSM TIOJIia-
MiJIiB, IPO 110 MOJKHA OYJIO CYAWTH 3a Ja-
HUMU [Y-CreKkTpiB 1 BUCOKUMH 3HAYCHHSAMH
t,, (BHIE, HIK Yy BIAMOBIAHUX aHINiAIB). I3
BUKOPHUCTAHHSM y i poboTi PBT ixHi#i Bu-
XiJl BUMIIOB Tpoxu Bumie (Tabmurs, Ne 1 i
5). Ilpu 30inbIIeHHI Yacy BUTPUMKH B
opmo-KCWIoNi abo TeMIepaTypu peakii
BHXI1J] MOJTMAMIiJIIB TaKOX 3pocTae (Tabiu-
g, Ne 2, 3, 6).

Cynsuu 3 TaHUX €JIeMEHTHOTO aHali3y,

ISSN 2708-129X. YKP . XIM . XVPH ., 2020,

CTIOJIYKH, IO YTBOPIOIOTHCS, € TIEPeBAXKHO
NpOAyKTaMU CaMOKOHAEHcalii amiHOOeH-
30WHUX KHCIIOT (3Haimero 10.6—-11.2 % a3o-
Ty, TOJ1 SIKy BIATOBIAHUX AHUTIIB TMPOLE HT
a3oTy Mae ctaHoButu 13.2). IIpu kun'saTiHHI
aM1HOOCH30 HHUX KHCJIOT 3 KaTalli3aTOPOM 3a
BIJICYTHOCTI aHUIIHY TaKOX YTBOPIOIOTHCS
noJiamiay, MPUIOMYy HaBITh 3 €m0 OlIb-
muM BUxoi0M (Tabaumg, Ne 4 1 7). Anamis
metonom TIHIX mokazaB, mo y BCiX BHUMA-
KaX BUXOJIUTh CYMIII TPOAYKTIB, a
HAsIBHICTh aMiJHOTO 3B'SI3Ky, TaK camo SK i
panime [4], miaTBepmkeHo maHmMu (Y-
CIIEKTPIB.

[IBuakicTh peakini 3- 1 4-amiHOOCH30 -
HUX KHCJIOT PO3PAaXOBYBAIIM TI0 CYMapHOMY
BUXOJly TMOJiaMmiAiB, WIO0  YTBOPIOIOTHCS
(piBusiHHS (4)).

3 METOI0 OINHKHU BIUIMBY X MOOYIOBaHO
norapudMidHi 3aJIe)KHOCTI KOHCTAHT IIBHI-
KOCTI KaTaTiTUIHOI peakmii BiJi G-KOHCTAHT
(puc. 2, xkpuBa A) i BiJi KOHCTAHT KHUCJIOTHO-
ctl BigmoBimHuXx XBK.

Sx BugHO 3 puc. 2 (KpuBa A), 3alexK-
HICTh B TaMETIBCHKUX KOOpIWHATaX Mae
He M HIWHUNA BWrmsm 3i 3j1amoM 3a X = H.
Jnsg  okpeMHX Tpyl 3aMiCHHUKIB MOYHa
MPOBECTU KOPEJSIINIO BIAPI3KAMU TMPSMHUX:
s enexktpoHoqoHopiB  Big X = 4-OCHj;
no X = H, 06e3 ypaxyBanusi Touok No 15,
18 nmns merta- 1 mapaamiHOOCH30MHOT KHC-
JIOT, IO JIeKaTh TPOXHU HIDKYE KPHBOI, p =
1.76, xoediment kopemami I = 0.954 —
3aJJ0BUIbHA KOPEJSIsl, a IS eJIEKTPO HO aK-
[IETITOPIB Blgx X H mo X
=4-NO, p=0.12, r =0.907 — npubnm3Ha
KOPEJISIIis.

Ha puc. 2, 3a BiINOBIAHUX 3HAYEHb O-

KOHCTAHT, YMOBHO HaHeCEHO TOYKU 151 XBK
(X=3-0OH, 4-OH, 3-COOH, 4-COOH), sxi
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Puc. 2. Kopensiis KOHCTaHT MBHIAKOCT1 KaTa-
JITUYHOTO OTPUMAHHS 3aMIlIeHUX OCH3aH UTi/1iB
XCsH,CONHCsHs  lg(Kar xKiarrr) (kpuBa A) i
KoH-cTaHT KUCIOTHOCTI 1Q(Kae x /Kacn) (KpuBa
b) o-xoucranTamu ['amera (s meta- i mapa-X
B3T3 podotu [11]). KpuBa A. X=1-H; 2 —
3,4-C4Hy; 3 - 4-F; 4—3-OCHs; 5-4-Cl; 6 -
4-Br;7-4-1; 8- 3-F; 9—-3-1; 10-3-Cl; 11—
3-Br; 12 — 3-NOy; 13 — 4-NOy; 14 — 3-CHg;
15 —-3-NH,; 16 —4-CHgs; 17 —4-OCHjs; 18 — 4-
NH; Kpua b — po3paxoBaHa Ha TACTaBi
manux pobotu [12]. X=1-H; 2-4-F; 3-3-
OCHgz; 4 -3-OH; 5-4-Cl; 6 —4-Br; 7 —4-I;
8-3-F; 9-3-I; 10 -3-CI; 11 - 3-Br; 12 - 3-
NO,; 13 — 4-NO,; 14 — 3-CHs; 15 — 3-NHp;
16 —4-CHgs; 17— 4-OCHjs; 18 -4-OH; 19— 4-
NH,

HE pearyioTh 3 aHIJTIHOM B OIIMCAHUX yMO-
Bax, 3riJ HO 3 JaHUMU poOoTH [4]. Sk BHgHO
3 PHUCYHKA, BIJICYTHICTb peaki HO1
3MaTHOCTI y [HMX KHCJIOT HE TOB's3aHa 3i
3HAYEHHIMHU BIATOBIIHUX IM G-KOHCTAHT.

[TomiOHMI BUDIAM (KOpeysiis JBOMa
BIIpI3KaMU TIPSIMUX) Mae JorapudmidHa 3a-
JIS)KHICTh KOHCTAHT IMIBUAKOCTI peaxiii Bif
KOHCTAHT KHUCJIOTHOCTI BimmoBigaux XbK
K y BOJi, Tak 1 B Oemsom. Y Boai (pwuc.
3, kpuBa A) 1ns OMBII CWIBHUX KHUCJIOT
(X = 1-13) 3HaueHHA TaHre€Hca KyTa Haxu-
ay mnpsmoi ctaHoBuTh 0.13, a xoediieHT
kopemsimii  r = 0.887 — Tpoxu HHIKUE
OIIHKU «IIPHUOTU3HA KOPEIIAIIIS».
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Puc. 3. JlorapudmiuHa 3aJIeKHICTh KOHCTAHT IIIB U-
JIKOCTI BiT KOHCTaHT KuCJIOTHOCTiI K; y Bomi
(3nagenns K, B34ti 3 pobotu [13]). KpuBa 4: X
=1-H;2-3,4-C4Hy; 3—4-F; 4 —3-OCHg3; 5
4-Cl; 6 — 4-Br; 7 — 4-1; 8 — 3-F; 9 — 3-1; 10 — 3-
Cl; 11 — 3-Br; 12 — 3-NO3; 13 — 4-NOy; 14 - 3-
CHs; 15 — 3-NHy; 16 — 4-CHs; 17 — 4-OCHjs; 18
— 4-NH, Kpusi B, C, D po3paxoBano Ha minc-
TaBi maHux po6otu [14] mo peakiii aMHIB 13
oensoiinoro (1), denitiouroBoro (2) Ta n-
OyranoBoro (3) kucioTamMu B posmiaBi: B — 3
antriHOM, 150 °C, MIKpOXBHUIIbOBA aKTHBAIlif;
C — 3 mapaandiniHom, 150 °C, MiKpoXBHIIbOBA
aktuBaiisg; kpuBa D — 3 mapaanizimuHom, 150
°C, Tepmiuna akruBanis. Kpusy E po3spaxoBa-
HO Ha MiICTaBiaaHuX po- 6ot [15] mo peakirii
aHUTHY 3 OceH301HOIO (1) i deHiMacsiHOWO (2)
KucimoTamMu B Tosyoni3a 120°C, karaniB Oop-
HOIO KHCIIOTOIO

Jnsa 6inpm cmabkux XBK mokazani qBa
MOXJTUBUX Bipizka npamux: X =1, 14-17,3
BKJIFOUEHHAM TOYKM JIJII METaaMiHOOEH30 i-
HO1 KWCJIOTH, 3 TaHI€HCOM KyTa HaXWIy
1.16, r = 0.938— 3anoBinbHa kopemnsmis; X
=1, 14, 16-18, 3 BKIIOYEHHIM TOYKH I
napaaMiHOO€ H30MHO1 KHCJIOTH, 3 TAHT€HCOM
kyTa Haxwiy 2.14, r = 0.984 — 3anoBinbHa
KOPEJIS TS

st 6eH30u1y, OJIM3BKOTO TO TIOJIIPHOCTI
0 OpmoO-KCHUJIONY, BiJIOMi 3HAUYE€HHS KOHC-
taHT acomai (K,.x) XbK 3 nudeninryani-
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Puc. 4. Jlorapudmiuna 3aeXHICTh KOHCTAaHT
MBHUIKOCTI B KOHCTAHT KHUCIOTHOCTI B O€H30-
J. 3HAYE€HHS KOHCTAHT KUCIOTHOCTI K, B34TI 3
pobortu [12]. X=1-H; 2—-3-OCHs; 3—4-F; 4
—4-Cl; 5-4-1; 6-4Br; 7-3F; 8—-3-1; 9-3-
Cl: 10-3-Br; 11 - 3-NOy; 12 - 4-NOy; 13- 3-
CHs; 14 — 3-NH,; 15—-4-CHs; 16 —4-OCHgs; 17
—4-NH,

nuHoM [12]. SIkmio B3sTH I JaHi 32 OCHOBY
1 moOyayBaTu JorapupMiuHy 3aJ€KHICTh B
KOOPJMHATAX 19(Kyar x/Kiar.11) BiJI
19(Kae x/ Ko r), TO oTpuMaeMo Tpadik, 30-
Opaxenuil Ha puc.4. Ilpu 1pomy s 61611
cumbHUX XBK (X = 1-13) 3HaueHHs Tas-
reHca KyTa Haxuiy npsiMoi ctaHoButh 0.06,
a koedimment koperimi = 0.852 — tpoxwm
HIOKYE OLIHKU «MPUOIU3HA KO pesiis». [l s
OLIBII CA0KUX KHCJIOT, BKJIFOYAIOYU TOYKH
I MeTa- 1 mapaamiHoOem3onHoi (X = 1,
14-18), 3HaueHHA TaHreHCAa KyTa HaXWIy
cxiagae 1.84, r = 0.98 — 3amoBigbHa
KOPEJIS TS

Ha puc.3 14, 3a BIANOBIAHHX 3Ha-
YeHhb KOHCTAHT KHCJIOTHOCTi, YMOBHO
HaHeceHi no3HaueHHA 1711 XbK (X = 3-OH,
4-0OH, 3-COOH, 4-COOH), sxi He pearyroTh
3 aHiTiHOM [4]. SIK BHIHO 3 IMX PWCYHKIB,
BiJICYTHICTh pEakliiHOi 34aTHOCTI y BKa3a-
HUX KHCJIOT HE TIOB'I3aHO 31 3HAYCHHIMH
BIANOBIMHUX IM KOHCTAHT KHWCJIOTHOCTI.

[Tokazano [11, 16], mo HeiHIWHI CITiB-
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BIMHOMIEHH] JUIA KOHCTAHT IIBHIKOCTI B
raMeTIBChbKMX KOOPIWHATaX 1 3aJe)KHO Bif
KOHCTAHT KHCJIOTHOCTI THITy JIaMaHOi JiHi{
MOXYTh CBITUHUTHU PO CKJIAIHUMN OararocTa-
JTIMHUN MexaHi3M a0o0 JeKijgbKa Mapalieiib-
HUX MapmipyTiB  MpOTIKaHHS  peaxiii,
HasBHICTh TAayTOMEPHHUX pIBHOBAr, 3MIHY
MIBWIKOCTI JIMITYIO4O1 cTaail peakili, B TO-
My YHCHI 1 B XiMI1 KOOpAHWHAINWHUX CTIOJTyK
IpH YTBOPEHHI PI3HUX KOMIUIEKCIB.

Bigomi gaHi 1o ramMeTiBChKIM KOPEJIAIIi-
SIM peaKIli fHO1 37]aTHOCTI 3aMillie HUX OeH30-
iMXJIOpPUIIB B pEeaKIisX alMIbHOTO TEpeHe-
CEeHHs MPH CUHTE31 3aMile HUX OeH3aHiJIiI1iB.
Tak, BIJIMB 3aMiCHHUKIB IIHPOKO BUBYEHO B
peak1ii aHJIHY 13 3aMiIIe HIM U O0€ H3011XJ10-
puny (piBwsians (5)):

XC6H4COCI + H2NPh _—
— .+ XC4H,COHNPh, (5)

ITokazano, Hanpukman, [17], mo 3a 25
°C B cepenoBuill OeH301y 1 XJIOpOEH30IY,
OJIMBBKUX 32 TOJIIPHOCTI A0 0pmMO-KCUIIONY,
3QJI€KHICTh  JIOTApUPMIYHOIO  KOHCTAHTH
MIBWIKOCTI BiJl G-KOHCTAHT OTMCAHO Bipi3-
koM mpsamoi 3 p = 0.54-1.24, ansa aninigy i
psay HOro 3aMiIIeHUX SK JJIsl HeKaTaJiTH4-
HOTr'O, TakK 1 JJIS KaTaJI30BaHOTO0 MNOXIJIHUMU
mpuInHy ad0 OITOBOID KHUCJIOTOK aIlv-
JIFOBAHHSL.

TakuMm 4uHOM TIpW B3aeMOAll 3amirie-
HUX O€H30TIXJIOpUNY 3 AHUTIHOM 1 HOTro To-
XIIHUMHY B CHHTE31 3aMile HUX OeH3aHLIiI1B
p, SIK TIPaBWJIO, 3aBXKIHM Ma€ TO3UTHUBHE 3Ha-
YeHHs, 110 TOB'SI3aHO 3 MOCWIEHHIM 4acTKO-
BOT'O MO3UTUBHOTO 3apsly Ha KapOo HLIbHO-
My aTOMi BYTJICINO.

Bimomoro € 3anexHiCTh peakiliiHoi 3/1a-
THOCTI KapOOHOBUX KHCJOT 1 Bl iXHbOT KHC-
notHocTi. [Ipu mboMy BiA3HAYAIOTh ABOSKUI
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BIUTMB TIPUPOU KUCIOTH: 301JIbIIIE HHI YacT-
KOBOTO TMO3UTHBHOTO 3apsAay Ha KapOoHIIb-
HOMY aToMi BYTJICIFO TPU3BOJIHTH J0 3pPOC-
TaHHS 11 peakmiiHOi 3MaTHOCTI, BOJHOYAC
MOJKe B1IOyBaTHCSI 4aCTKOBE IMPOTOHyBaHHS
aMiHy 3a PaXyHOK OKCHTPYIH KapOOHOBOI
KHUCJIOTH, 1110 3HIKY€E HOTO 3/1aTHICTH A0 HY-
K1eo(IbHOT araku 1 3MEHIIYe B IHJIOMY
MIBUIKICTH aMmigyBaHHs [17].

Taxk, y po6orti [14] nocmiaxeHO HeKaTa-
TMTUYHUN CUHTE3 aMiJiB B yMOBaxX TepMid-
HOT i MiKpOXBHILOBOI akTuBaii 3a 150 °C y
pO3IUIaBl peareHTiB.

Ha miycTaBi mux qaHuX 3 BUXOAY apuili-
JliB 3a MEeBHUHM yac 3a Gopmyioro (4) Hamu
MOPaxOBaHO CepeHl MBUIKOCTI 1 MoOymo-
BaHO rpadiku B JorapupMiyHUX KOOpAUHA-
tax (puc. 3, kpusi B, C, D). fx BumHO 3 pu-
CYHKY, Ha KPUBHX CIIOCTEPITa€ThCS MaKC U-
MyM KaTaJiTHIHOT aKTMBHOCTI 3aJI€)KHO BiJ
KHUCJIOTHOCTI, a HaWMEHIIE 3HAYCHHSI KO H-
CTAaHTHU NIBHUIKOCTI BIAIIOBiJgac HANWO1JIbII
CWIbHI1M O€H301HIN KHUCIOTI.

YacTKOBUM MPOTOHYBAHHAM aHIJIiHY 13
BTPATOI0 HUM HYKJIEO(17bHUX BIACTUBOCTE I
MOSICHIOIOTh PSAAM 3MEHIICHHS peakilfHOT
31a-THOCTI  KapOOHOBHUX  KHCJIOT, IO
3MIHIOETHCS AHTHMOATHO iXHIM KHUCIOTHOCTI
AK y HEeKaTaJll-TUYHIN, TaK 1 B KaTali30BaHI i
OOpHOIO KHCJIOTOIO PEakIlii MpH MpoBeJie HHi
amwnoBanss B Toayom 3a 120 °C [15]:

— HEKaTallTHIHA peakilis — (eHima-
casina kuciora (pK, 4.76) > OeH3oiiHa K-
ciota (pK, 4.19) > 6poMonTOoBa KHCIOTA
(PKa 2.69);

— KaTtaii3 OOPHOIO KHCJIOTO0 — (eHi-
amacasHa kuciota (PK, 4.76) > OGensoiiHa
kuciota (pK, 4.19) > GpomMonroBa KUCJIO-
ta (pK, 2.69).

OcCTaHHIO 3aJIekKHICTh, 3 ypaxyBaHHIM

114

TOTO, IO OpPOMOITOBA KHUCJIOTAa 30BCIM HE
pearye 3 aHIJIIHOM, PO3paxOBaHO HAMHU Ha
miIcTaBl JaHux pobotu [15] 1 mpeacrasieHO
Ha puc. 3 (kpuBa E).

AHanoTi4Hl pe3yJibTaTH 1 BUCHOBKH Ha-
JaHO B po0oTi [2] mis karanmizy crojayKamu
Ha OCHOBI METaJIiB MATPYIHU TUTAHY (TeTpa-
XJOPHUI IUPKOHIIO, Oic-IUKIIOTIE HTa/I1e HiJT-
nuxyopun ragHio). Xoua 3a kartamizy ZrCly,
y peakiii XbK i3 6emwmiaminom 3a 70 °C y
THF Big3HaueHO HAsABHICTH 1HAYKINWHOTO
nepionqy Ha rpadiky, B KOOpAHUHATAX BUXIiJ
BIIMOBIIHUX aMifJiB — dYac peakiyi, mo, Ha
JTYMKY aBTOpa, Bka3zye Ha ydacTh XbK y do-
PMYBaHHI aKTUBHOTO KaTali3aTopa, a TaKkoX
CTBOPIOE TPYIHOUI B TMOJNAJBUIIN OINHII
BIUTMBY 3aMiCHHUKIB. Y HIJIOMY TOKa3aHo, 110
BBEJICHHA B MOJIEKYJy O€H30MHOT KHUCIOTH
€JIEKTPO HOAKIIEITOPHUX 3aMICHUKIB X TiJ-
BUIIYE 11 peakIiiiHy 31aTHICTh. ABTOp po0o-
TH [2] po3risiHyna pi3HI NPUIUHU TaKOTO
BIUIMBY 3aMICHUKIB X, BKIIOYAIOYH OTPU-
MaHH{ in situ crpaBXHIX KaTami3aropiB —
3aMile HUX OCH30aTiB MHUPKOHIIO, YaCTKOBE
MpoTOHYBaHHA aMmiHy 3a paxyHok XbK i3
BTPATOIO0 HUM peaKliiHOi 3/]aTHOCTI, HyKJe-
obuTbHY araky amiHy Ha KapOo HiJIbHUI
aToM BYTJICIFO a00 pyWHYBaHHS O TPUM aHOTO
TETPACIPUIHOTO TMPOMIKHOTO TPOIYKTY 1
MpUMIILIA O BHUCHOBKY IIpO T€, IO CaMe
OCTaHHS CTajis MOXe OYyTH MIBUIKICThJIIMI-
TYIOUOIO.

3 ypaxyBaHHSIM TOTO, 110 BCi KiHETHYHI
KpHBI, MpeJcTaBieHl B poOoTi [2], mpsmoJti-
HiliHI 10 cTtyneHs neperBopeHHs 30-50 % i1
—gacy peakiii 20—60 xB, HaMmu Oynu MpoBe-
aeni pospaxynku Wy, 3a dpopmynoro (4) Ta
noOympoBaHui rpadik 3ajieKHOCTI B JIOTapH-
(GMIYHUX KOOpIMHATAX KOHCTAHTH IIBHUIKO-
CTI KaTAT THIHOT peakmii BiJ KHCJIOTHOCTI
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Puc. 5. JlorapudgmiuHa 3ajmexXHICTh KOHCTaHT

MIBUJIKOCT1 KATAIITUYHOT peakiii kapOOHOBUX
KHCJIOT 3 OEH3MJIAaMIHOM BiI iXHIX KOHCTAaHT KH-
CJIIOTHOCTI y BOJl. 3HAYEHHS KOHCTAaHT KHCIIOT-
HocTi K B3sT1 3 poboTH [13], 3HaueHHS Ky pO3-
paxoBaHi Ha MINCTaB1 KIHETHYHUX JTaHUX, HaBe-
neHux B po6oti [2]. Kpua A. Peaxuis XbK (X
=1-H; 2-4-Cl;3-4-NOy; 4 -4-CHs; 5 4-
OCHa); karanizatop — ZrCly; Tterparinpody-
pan, 70 °C. Kpusa b. Peaxuis: 1 — ¢eniiomnro-
Ba KUCJIOTAa; 2 — XJIIOPOITOBA KUCIOTa; 3 — JiX-
JIOPOIITOBA KUCIIOTA; 4 — TPUXIOPOILITOBA KHCIIO-
ta; kKaraiaizatop — HF(Cp).Cl, nmietunosuit
edip, 26 °C. Kay 1 Ko BimHOCSTH 10  (eH UTOI1-
TOBOI KHUCIOTH, K,x 1Kyx — J0 pEIITH KHCIOT

KapOOHOBUX KHUCJOT (puc. 5, kpuBa A), AKui
n00pe KOPEMOEThCS BIAPIZKOM MPSAMOi 31
3HAQUCHHIM TaHreHCa KyTa HaxwWily PiBHUM
1.54 (r = 0.998 — gynoBa KoOpessLis), IO
MO>KHA TIOPIBHSI- TH 3 MOJI0HUMHU 3aJI€3KHOC-
TaMu 111 XBK, ki MICTATH €JIEKTPOHOI0-
HOpHI 3amicHUKH (puc. 3, 4) B D0CHiIXKyBa-
Hil peaki (1).

Hnsa xaramizy Hf(Cp),Cl, anuwmoBanus
OemwiaMiHiB  amipaTHIHUMU  KapOOHOBUMH
KHACJIOTaMH, TpoBeaeHoro 3a 26 °C vy
nietwioBomy edipi  [2], cnocrepiraeTbcs
KpUBA 3 YITKO BHUPAXKEHUM MaKCUMYMOM
(puc. 5, kpuBa b).

AHanmi3yro4u BigoMi myOmikaiii 3 Kara-
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JTHIHOI B3a€EMOJil KapOOHOBHX KHUCIOT, B
tomy duciai XbK, 3 amiHaMu, BKJIIOYaO4H
poOoTy [6], MOXKHA BiJJ3HAYHWTH HACTYITHE:

— MoOJenb 3B'S3yBaHHS aMiHy Kapbo-
HOBOIO KHCIIOTOIO YTPOJOBXK YChOTO Yacy
aMilyBaHHS He  BigoOpaxkae  mepiIui
eTam, IO TPOTiKaE B MOMEHT JIOJaBaHHS
yciX KOMIIOHEHTIB Y peakiiifHy cyMill, a Ta-
KOX y4acTh KapOOHOBOI KHCIIOTH 1 BOJOU Y
¢dbopMyBaHHI aKTHBHOTO KaTaji3aTtopa;

— BIACYTHI JeTajdbHI TOSICHCHHSI 3a-
JIS)KHOCTE KOHCTAHT IIBHAKOCTI Big pK,
KapOOHOBHUX  KHCJOT ab0  GO-KOHCTaHT
3amicHUKIB X y XBK ;

— B XKOJHIM poOOTI HE PO3TISIHYTO MH-
TaHHS BIUIMBY amily KapOOHOBOi KHUCJIOTH,
[0 YTBOPHBCS, HAa IMIBHUAKICTh KaTaaiTH4-
HOTO aMiJTyBaHHS.

JIns mosicHeHHs BUIY KPUBUX Ha puC. 2
(xpuBa A), 3 (kpuBa A) i 4 BUKOPHCTOBYBA-
JM OTPUMaHI paHilie pe3yJbTaTH MO 3aJie K-
HOCTSIX IIBUIKOCTI OTpUMAaHHS O€H3aHIJITy
(piBusiHHEA (1)) BiJ KOHIEHTpAIi BUXIIHUAX
pPEYOBHUH, KIHLEBUX MPOIYKTIB 1 J00aBOK
3aMileHUX OeH3aHUMAIB [8], a TakoX JaHi
1010 BIUIMBY 3aMICHHKIB Yy peaxiii 0eH3o i-
HOI KHCJIOTH 13 3aMIIIEHUMH aHUIHY [6] 1
obroBopenux Buiie poOir [2, 14,15].

JIns1 Ha09YHOCTI ySIBJIGHHS OOTOBOPIOBa-
HUX pPe3yJIbTaTiB 3MiHU OKpeMHX (aKTOpiB,
0 BIUIMBAIOTh HAa BEJIWYHMHY KOHCTaHTHU
MIBWIKOCTI KaTaJiTUIHOT peakii, mo CIo-
CTEPIraEThCs, MPEACTABICHO Y BUMIISAL KPU-
BUX 3aJE€XHOCTI BiJ G-KOHCTaHT (puc. 6).
[Ipu oMy KpuBI 0OTOBOPIOIOTHCS HAa SIKiC-
HOMY piBHI, 0€3 KiJIbKICHUX JaHHUX i BiJIO-
BIJIHOTO  MacmTabyBaHHi.  AHaJOTI4HI
3QJIEKHOCTI BiJI KOHCTAHT KHCJIOTHOCTI XBK
He Opanu [0 YyBaru, OCKUILKM OCTaHHI
3MIHIOIOTBCS B O€H30JIi CUMOAaTHO 3MIHU G-
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koHcTaHT (puc.2, kpusa b).

Panime [6] ayisi mOsICHEHHS BIUIMBY 3a-
MICHUKIB Yy peakiii 3aMilieHUX aHiJiHIB
(AX) 3 OeH30HHOIO KHUCIOTOI (KpuBa 3
MaKCHUMYMOM 1 MIHIMYMOM Y T'aMETIBChKHX
KOOpJAMHATax), MPOBEACHOI B MO PiBHIJIbHUX
yMOBax, OyJI0O BUBEIIEHO CHCTEMY PIBHSIHB,
[0 BPaxoBYE CJIA0KYy B3aEMOIiI0 OCH30 MHOT
KucsoTH 3 AHX 3 oTpuMaHHIM H-komiuekcy
nepes cTamiero GopMmyBaHHS TOMIOyTOKCiOE-
H30aTa TUTaHy, KaTaji3 OCTaHHIM (KOOpHH-
HalliHUK KaTalmi3) 1 HOro KOMIUIEKCOM 13
3aMINIEHUM U O€H3aHIIaMH, 10 YTBOPIO-
I0TbCS (KUCIIOTHUM KaTaii3), a TaKOX MapIil-
pPYTH 1HrIOyBaHHS KaTaji3y 3a paXyHOK BOJH
Ta iMiIHOT ()OPMU BIJTOBITHOTO 3aMiIlleHO-
ro OCH3aHUIIY.

Ockinbku cjabka B3a€EMOJIS aHUTIHY 3
XBK B opmo-kcunomni 0yne mpu3BOAUTH 0
oTpumaHHid H-KOMIUIEKCiB, B MEpPIIOMY Ha-
OJvbkeHHI MOJKHa Oyino O OdYiKyBaTH, IO
kpuBi  3a1eXHOCTI  1Q(Kyrx/Kiary) BiX  O©-
koHcTaHT a60 Bia 1Q(K,x/K,y) y mocmimky-
BaHi#l peakiii Tako>X OyIyTh CXOXlI Ha aHa-
JoriyHi KpuBi, omucani B poboti [6]. Ha
npaktuil (puc. 2, 3, kpui 4 1 puc. 4) 1pOrO
HE CIIOCTEPITalTh, M0 MOXE CBIIYUTH TIPO
HU3KY 1HIIUX B3a€MOJiil 1 cTaAiil B mpoueci
NPOTIKAHHSA  KaTalITUIHOTO  aMiJTyBaHHS.
CnouaTKy y BUXIIHIM peakiiiiHiii maci 3Ha-
xonaTteest Bona, aHimiH 1 XBK. Octanfas
ICHye K y BUIbHINA (popMi, Tak 1 TOB'A3aHA 3
anuiHoM y H-xomrutekci (Ky):

K
XCe¢H,;COOH + NH,Ph +—

«— (XC4H,COOH --NH,Ph).

VY cnpoieHOMy BUTJISIAT PO3TOAINT MiX
nuMu 1Boma dpopmamu 3anexso Bia [ XbK]
1 [AH]p, mpu pO3YMHEHHI BUXIAHUX PEYOBUH
B OpmMO-KCWIOJI MOJHA YSABUTHU SIK:
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[XBK], = [XBK]+ K;-[XBK] [An],
[XBK] = [XBK],/(1+ Ky [Anly).

AHaJNOTIYHO BIUTMBY 3pOCTaHHS [AH], 1
3MEHIIEHHS 3HA4Y€HHS OG-KOHCTAaHT X B
sapi AuX [6, 18], y Mipy 3HIKEHHS eJeK-
TPOHO-JTOHOPHUX BJIACTUBOCTEH 3aMiCHUKA
X 1 30UIbIIIEHHS 3HAY€Hb G-KOHCTAHT X 'y
XBK, Oyne 3pocTtaty 3B'I3yBaHHS OCTaHHHOT
B H-KoMIUIeKc, 1 3HMKYBATHUCS KOHICHTpAIIS
i BimbHOT popmu (puc. 6, kpuBa 1).

67
| 62
i 2 )
o 1" 358
=
g 9
1 2/ 14
1 758

08 06 -04 02 0 02 04 06 0,801

Puc. 6. MoxuBi 3MIHH KOHIIGHTpAIlid KaTasi-
3aTOpIB, KOHCTAHT IIBUAKOCTI Ta PIBHOBArU IpH
KaTIITHYHOMY aMigyBaHHI K QYHKOIl ©-
KOHCTaHT: 1 — KoHIIeHTpallisi BUTbHOT (opmu
oenzoitnoi kucnoru [XBK] mpu ¢opmyBanHi
aKTHBHOTO KaTta-iizaropa PBBT; 2 — xoHieHn-
TpaIis KoopauHaliiaoro kataiizaropa [PBBT]o
Ha TI0YaTKy MPOIeCy aMidyBaHHS; 3 — YacTka
iMinHOT dopmu 3amirieHux OeH3zaHTinB (K3);
4, 5 — peakuiiiHa 31aTHicTh aHUTHY Ta XbK;
6, 7 — 3miHa KOoHCTaHT MBHAKOCTI K1 1Ko KoOp-
TUHAIITHOTO Ta KHUC- JIOTHOTO KaTaiiy Bilmo-
BinHO; 8 — xmcnoTHiCTh KomIiekcy PBBT i3
XBA; 9 — koHIIEHTpaIlil KUCIOTHOTO KaTani-
3aTopa B MOMEHT 4acy t.
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Ponp XBK, sik i panime 6eH30iHOT KH-
ciotu [19, 20], Mmoske monsATaTH y B3aEMOJII1
3 puxigauM PBT 1 dopmyBaHHI CTpyKTypH
noyimepy O0yTokcioenszoarta turany (PBBT),
IO € ICTUHHUM Karaji3aTopoM aMiJyBaH-
HS.

Takli THUTAHOBI KOMIUIEKCH BIZIOMI B
JmiTepaTypl AJsS  PI3HUX KapOOHOBHX KU-
ciot, BTOMy uwmcai i qui XBK. ¥V pobo-
Ti [21] moka3aHo, MO TPH TiAPOJI31 TeTpae-
TOKCHWIA THUTaHy B TPUCYTHOCTI METaKpH-
JOBOi KHUCJOTH YTBOPIOIOTHCS KiIacTepu
Ti604(02C4H5)8(OCH2CH3)8, mo MICTSATh
3QIUIIKY CIUPTY 1 METaKpWIaTHI JHTaHmu.
Okcoxmactep TigOg(OPr),(OOCR)s oTpu-
mytoTh peakiiero Ti(OPr), i3 metakpmio-
BOI0O KHCIIOTOIO Ta 1HIIUMHU KapOOHOBUMH
kucioramu R-COOH [22]. BiaznadyeHo
KUIbKa  mporeciB  3amimeHHs (a) 1
KOoHAeHc Al (6), [0 MPOTIKAIOTh MIPH IHO-
My:

Ti(OPr); + k HOOC-R
Ti(OOCR)(OPr)ak + k HOPr (a)

X TI(OOCR)k(OPr)ax +NH,O0 +—
TiOn-2n-x-a-01H(OH)2n-1x-(4- k) (OOCR)x. ()

[Toxazano, mo Bix pK, KapOOHOBOI Ku-

—>

ciotu (mo Hwkye pK,, TO MBUILIE
npoxoauth il B3aemomis 3 Ti(OPr),),
CIBBIIHOIIEH,  KapOOHOBAa  KHCJIOTa
QIKOKCHI THUTaHy X N 3amexarb K
MIBWIKICTh YTBOPEHHsA, TaK 1 CTPYKTypa
OKCOKJIac Tepa.

TeTpaizoO0yToKCHa THUTaHy pearye 3 3-
XJIOpOEH30 MHOI0 KHUCIIOTOIO B TOJIYOJl 3
yrBopeHnsiM  (Ti4O,(0i-Bu),,(0,CCH,CI-
3),); 3 3-HITpOOEH3OMHOI KHCIOTOK B
THF — 3 ytBopennam  (Ti,O,(Oi-
BU)10(02CC6H4N02'3)2) [23], a ThT B3aemo-
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nie 3 4-aMiHOOEH30HHOIO KHCJIOTOIO 3 OJiE-
PIKaHHSIM:
[TigOg(0i-Bu)s(O,CCq-H,NH,-4)6] [24].

[Toxi6Hi mpouecu, MaOyTh, Bi10 yBarO Th-
cst B opmo-kcwinom B cuctemi PBT + XBK +
An + H,O. Ilpu gomaBamni PBT y macy
CTPYKTypa KaTajizatopa 3aKpiIUTIOETHCS 1n
situ 3a paxynok B3aemonii 3 XBK (Kj)) i
OTpUMAaHHI MOJIOYTOKCIOEH30aTIB TUTaHY
(PBBT) 1 e, cynauu 3 BumijieHHs OyTHIOE-
H30aTy 1 OyTaHOIy, BiIOYBaEThCA B MepIli
KUTbKa XBHWIHH, BIIpa3y 3K MICTS MPUTOTY-
BaHHs pEaKIlifHOI Macu Ha TOYaTKy i1 Tmji-
rpiBy [6]:

K;
XbK + PBT «— PBBT.

SKmo B Maci MPUCYTHBO JIyXKE Majo
BuUtbHOI XBK, TO BupimanpHY poib MOXe
rpatu B3aemonis PBT 3 Bomoro (K3), mio
NPBBOAUTE O OTPUMAHHSA HEAKTUBHHUX B
KaTadi3l MPOJAYKTIB TJIMOOKOTO TiAPOJI3Yy
(ymoBHO mo3HavyeHo sik TIO,) [6], a MobHE

CIBBiAHOMICHHS T :
K3
HzO + PBT «— TiOZ,

BOJa 3 ypaxXyBaHHSM BOJIOTH, IO 3HAXO-
IUTHCA B TOYATKOBOMY  OpmoO-KCWIOMI, 1
MOTJIMHYTOT 3 TOBITPS TIPU  aKTHUBAINQ
KaTtalizaTopa, CTaHo BUTh 0nm3bko 1:4.3-4.4.
3a Takoro CHiBBIJHOIIEHHI BOJa MOXeE BUK-
JIUKATU CYTTEBE 3MEHIICHHS AKTUBHOCTI 1
KOHIIE HTpaIlii KataiizaTtopa [25, 26].

MOXJIMBUM € TakO>X 3HIKEHHS OCTaH-
HbOi 3a paxyHok B3aemonii PBBT i3 nagnu-
mkoM XBK y Mipy 301/1b1IeHHS G-KOHCTAHT 1
3pocTanHs K}, 0 TPU3BOAUTH 10 YTBOPEHHS
MaJIOaKTUBHOTO B Karaji3i, «3LIUTOTO» TO0-
mimepy PBBT*, B sikoMy yTpymHeHHI TOC-
tyn XbK no aromiB tutany [19]:
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Ky
XBbK + PBBT «— PBBT*.

Toni 6ananc 3a nepBiCHOI KOHIEHTpAIi
[PBT]y MOXHA  3amucard 'y BUIIBIAL
PIBHSHHS:

[PBT], = [PBT] + K,-[PBT]- [XBK] +

K> K, [PBT] [XBK]* + K3:[ PBT]-[H,0l.

[Ipu 1POMy MOYATKOBA KOHICHTpPALIsL

akTUBHOTO Katam3atopa [PBBT],, 1o
YTBO PIOETHCS, CKIIAJE:

[PBBT], = K,'[ PBT] [XBK] =

~ K5-[PBT]o-[XBK] _
"~ (14K, [XBK]+Ky-K4-[XBK]2 +K3-[H,0]9)

:KZ[PBT]O[XBK]O(].'l'Kl[AH]O) (7)
Q
ne Q = (1+Ky[Anlo)*(1+Ky[H,0]o) +
+(1+ Ky [Aulo) Ky [XBK]o + Ky Ky [XBK]o” .
Skmo X € CHIIbHUM €JIeKTPOHOI0HO-
pom, 3HaueHHA K, K, K, mam. Tomi Mox-
miBo, wo K, [XBK]y + Ky Ky [XBK]y? <<
1+ K3 [H,0]p; 1 >> K [AH]p, a piBHIHHS
(7) 6yne maru BHIIISA:

_ K,-[PBTly-[XBK],

~ (1 +K3-[H,0],)
[PBT]y-[XBK]g

(1 +K3-[H,0],) "

[PBBT], = constl - K;,(8)

e constl =

SAx Bugso 3 piBHAHHA (8), [PBBT]y mpu
IIbOMY MOXe€ HaOupaTH MiHIMaJIbHOTO 3Ha-
YEeHHs, a 3a MepeXoly 10 CIa0KUX eJIeKTpo-
HO-JJOHOPIB MOJKHA CIOCTEpIraTu ii MOHO-
TO HHE 3pOCTaHHI rapaseJib HO 31
30imbiieHHsaM K, (puc. 6, kpusa 2).

Skmo X € CUIbHUM €JIe KTPOHOAKLIE IT-
topom, 3HaueHHs K, K, K, Bemuki, [XBbK]
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Mazna. ¥ po6orti [18] 3a 10TIOMOTOI0 METOY
IIMP-crniexTpockomii MOKa3aHo, 10
301IbIIICHAS KOHICHTpAIi aHiJIiHY IPHUBO-
IUTh 10 Bce Oinpioro 3B's3yBaHHs bK y H-
KOMIUICKC, IO TIePEIIKOKae ii B3aeMoaii 3
TBT i orpumanHi0 OyTOKCHOEH30aTIB THTa-
Hy. Tomi moxe O6ytu, mo 1 + K3 [H,0) <<
Ky [XBK] + KKy [XBKT'; 1 << K;-[At], a
piBusiHHA (7), 3 ypaxyBaHHAM TOTrO, IO
[AH]y = 2[BK]g, MaTume HacTynHUWd BU-
TS

(PBBT], = K,-[PBT] - [XBK]

(K, -[XBK]+ K,-K,-[XBK]2)

_ [PBTly, _ [PBTly-Kq-[AH],

" (14K, [XBK])  (Ky-[AH]o+ K, [XBK]y)
_ [PBT]o-Kq-[AH], _
" (K- [AElg+ K4-0.5-[An])

_ [PBTlgK;

~ (K{+ K4-0.5)

(9)

SAx Bugso 3 piBHAHHA (9), [PBBT]y mpu
[IbOMY TaKOX MOe Hab UpaTu MiHIM ajlb HOTO
3HAYEHHA, a 33 MEePEeXOoay A0 CIA0KUX eeK-
TPOHOAKIETITOPIB MOJXKHA CIOCTEpIiraTu ii
MOHOTOHHE 3POCTaHHSI B Mipy 3MEHIICHHS
K i K, napaneabHo 31 30iapme HasM K/ (K +
05'K;) (puc. 6, xpuBa 2). Skmo X wmae
ciabKi eJIeKTPOHOJIOHOPHI ab0 eJEeKTPOHO-
aKLIENTOPHI BJIACTHUBOCTI, 3 ypaxXyBaHHSIM
KBaJIpaTUMHOTO 3HaYeHHI K Yy 3HAMEHHUKY
piBasiHHsa (7), BenmmuuHa [PBBT], moxe
MPOXOUTH depe3 MakcumyMm [27] (puc. 6,
KpuBa 2).

Bin3naummo, mo i 3HaYeHHS 3JaTHE IIe
OUIBII CHILHO 3MIHIOBATHUCSA 3aJIE)KHO BIJ
npupoau X, SKIIO BpaxyBaTH acoIlaliio
XBK. V¥ poborti [6] mokazaHO, IO KiJIbKICTh
moHomepa BK npu [bK], mo nopiBaroe
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0.205 mou/n, 3a KIMHATHOT TeMIieparypH Ko-
amBacThcsa B Mexax 0.011-0.012 mon/n, 3a-
JEeXHO BiJ OOJIKYy OTpUMaHHA JuMepa i
tpuMmepa bK, mo B 17-18 pa3 menme 3Ha-
yeHnns [bK]y. Jdas XbK Bigomi mpubiauzHO
Takl X pe3yJbTaTu mo acomami [12, 28]
BHACJIIMOK ONM3BKUX 3HAYEHb €HTAJbIIH
JUMepu3ari.

[Ticns ytBopenns PBBT, miairpiy pe a-
KiiitHo1 Macu o 145 °C, moyarky 1HTEHC -
BHOTO KHUMIHHS 1 BIATOHY BOJH TIOYMHAETHCS
Oe3nocepeHbO TIpoliec aMmimyBaHHs. l[lpwu
IbOMY BOJ1a, 1[0 YTBOPIOETHCS, BIATAHAETHCS
B HEPIBHOBAXXHOMY TIpOIlECl 1 BXE He
BIUTMBAE Ha aKTHUBHICTh Karajizatopa [6].

He BukiroueHo O1IbIII CKIIAIMHUN BIUIVB
npupoaun XBK Ha edexkTHBHICTH KaTam3zy,
[0 CTOCYETHCS 3MiH B €JIEKTPO(1IbHOMY 1 B
HYKJI€O(IIbHOMY IeHTpax Oi()yHKINOHAIb-
Horo katamizatopa. lle moOpe mokazaHo B
po6oTi [29] mo karamizy 3amimeHUMH O€H-
3oatamu OytunonoBa (1V) 3arampHOi dop-
myau Bu,Sn-(OCOCgH,X),, (X = H, 4-
OCH;, 4-Br, 3-Br, 3-NO,) y cunre3si amifis
peakli€lo aMiHIB 31 CKJIaaHuMu edipamu
KapOOHOBHX KHCJIOT:

R,C(O)OAr + H,NR;

— R,C(O)HNR; + HOAr . (10)
CTpyKTypy 3alpOMOHOBAHOTO B CTATT1
KaTaJliTHIHOTO KOMIUIEKCY, B SKOMY OJIO-

BO € eJeTpodiIbHUM I[EHTPOM KaTali3y,
HaBEJICHO HUXKYE.

/T\OC @x
H
Hl‘\lRl 0
H
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bewzoaTHuit nirann, BIATATYIOUH €ICK-
TPOHH BiJl 0JIOBa, 30UIBIIYE €IEKTPODiNIb-
HICTP ~ OCTAHHBOTO. 31  301JbIICHHIM
KUJIBKOCTI 3aMillle HuX O€H30aTHHUX JITaHIIB
3pOCTaEe MBUIKICTh peakili. 3 1HIIOro 60Ky,
KapOOHUIbHA TpyTa 3aMile HOTO O0€H30aTHO-
ro JIra"gy  CIyXuTb  HyKJEO(]iabHAM
HEHTPOM KaTaji3y, 3B'A3yIOUUCh 3 aTOMaMHu
BOJIHIO aM1HOTPYTH aMiHy 1, TUM CaMUM, aK-
THUBYIOUHM aMiH J0 HYKJIEO(]ibHOT aTaku Ka-
pOOHIILHOTO aTroMa BYTJEIEO. 3alieKHICTh
mBuakocti peakmii (10) moOpe kopemoeThes
BIJIpI3KaM U TpsMUX 3a piBHAHHAM ['ameTa 3
p = 0.34 nns nuOyTmIIUOeH30aTIB 0JI0BA, Ta
p=10.41 nns TpudyTmIomoBoOEH30aTIB (I =
0.956). Mani mo3uTWBHI 3HAYEHHSI P TIOB'SI-
3YIOTh 13 TIPOTWICIKHOIO Ji€l0 X Ha HYKJEO-
GbuThHUH 1 €eKTPODUIbHUN [IEHTPU KaTami3y
3 IEPEBaKHUM BIUIMBOM Ha OCTaHHIMN.

Y po6oTti [30] BUBYUEHO MpsAMe aMiny-
BaHHI (EHIJONTOBOI KHUCIOTH OeH3MIaMi-
HoM, 1o Karamizyetbes ZrCl,. KsanroBo-
MEXaHIYHe MOJCIIOBAHHS 1 PO3paxyHOK €He-
preTHaHUX Tpo(iiB MoKa3zanyu ONTUMAILHY
CTPYKTYpPY MEPeXiTHOTO KaTaJliTUIHOTO KOM-
IUIEKCY, B IKOMY TaKO>X BPAaxOBaHO aKTHUBa-
M0 aMiHOTPYNW aMiHy 3a paxyHok H-
3B'13Ky 3 KapOOHIIbHOO TPYyTIOIO arijiaTta Iu-
PKOHIFO, IO YTBO PUBCH.

3 ypaxyBaHHSIM HaBeIeHHX JaHuX [29,
30] moa0 BIUIMBY alMJIATHOrO JHraHga B
KOOPAMHAI HHI ¥ cdepl e HTPaTIbHOTO aTOMY
KaTallizaTopa HaBeJACHO MPUKJaA ¢parMeHTy
FIMOTETUYHOTO KAaTaJITUIHOTO KOMIUIEKCY
() (cxema HIKYE), CTPYKTYPY SKOTO CKIIa-
JIEHO 3a aHaJOTI€I0 3 KOMIUICKCAMH s
peakiriii (1) aHuTiHY 1 ¥OTO 3aMilIeHUX 3 OCH-
301HOI0 KUCJIOTOI0, OMHCAHMMHU B POOOTax
[6, 8]. ¥V HboMy MoxiuBa akTuBaiis XbBK
3a paXyHOK KOOpAMHAIi ii KapOo HiJIbHOT 1
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R=XCgHsCOO, BuO, OH,=0;n=1, 2..5...10...

OKCUTpYIU 3 YOTHpPMa aTOMaMHu THTaHY;
IT1 1B MIITIE HHSA eexkTuBHOCTI KaTalizy
arToMaM¥u THTaHy SK eJeKTpodiIb HUMHU
[EHTPaMU Karalizy, SKIo X — 3aMilleHui
OCH30aTHU JITaHI; aKTHBAINs aHIJIIHY TpH
yrBopeHHI H-3B'I3Ky KHCHIB KapOo HiJbHUX
TPy IBOX 3aMillle HUX 0€H30aTHUX JITaHIIB
3 BOJHEM aMiHOTPYIIH.

He BukimoueHo, 1m0 €(EeKTHBHICTH
TAKOTO KaTtajizaTopa MOXE 3MIHIOBATHUCS
3aj1eHO Bia npupoau X, sk y podoti [29].

VY kommiekci (I1) ogun 3 atomiB TUTaHY
MOB'A3aHUM, IEPIIOD YEPror, 3 YTBOPEHUM
XBA, mo npuBOAWTH IO HAIBHOCTI y OC-
TAaHHHOTO BiJIHOCHO KHCJIOTO aTroMa BOJHIO B
NH-rpyni. IIpu mpomy kapOoHiIbHA rpymna
XBK MOke akTUByBaTHCs 3a paxyHOK B3ae€-
MOJIi SIK 3 OJTHUM aTOMOM THUTaHy, TaK 1 3a
nonoMoroto H-3B'SI3Ky 3 KHCIUM BOJHEM
NH-rpynu, mo 1 BiINOBiJaE MapUIpyTy
KUCIIOTHOTO  KaTtamizy. @parmeHtu B
kommuiekcax (1), (1), mo Bigpi3HIIOTHCS,
BUJIJICHO NI IOBHOTHU CHPHHHATTS.

120

3rigHo 3 JaHUMH PoOIT [6, 8], oTpuUMaH-
1 XBA (piBusaest (1)) Moxe 3.iiicHIO-
BaTWCs 3a JIBOMa MapluipyTaM¥u KaTam3y,
YMOBHO Ha3BaHUMH. koopauHariuuii (Kq) i
kuciaotuuii  (K;). Ha mouarky peakiii
BinOyBatoThes akTuBaisa XbK (Ks) 1 aniniHy
(Ks) B kommuiekci (1), orpumanns XBA (Ky) i
KUCIIOTHOTO Karamizatopa (K7), TayToMepHi
nepetBopeHHst XBA, mo yTBOpHMBCH, 3
aminuoi B imigny ¢opmy XBiOH (Kj),
B3aemojist octanHboi 3 PBBT  (Ky),
aktuBamisi XBK (Kig) 1 amiminy (Kyy) y
xommiekci (1), orpumanus XBA (k) 3a
MapIIpyTOM KHUCJIOTHOTO KaTalli3y:
Ks
XBbK + PBBT+— PBBT-XbK;

Ks
An + PBBT- XBK«— An-PBBT-XBK; (I)

kq

() — Xba;
K7
Xba + PBBT «<— PBBT-Xba,;
Ks
Xba +— XBIOH;
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Ky
XBIOH + PBBT «— XbiO:--PBBT;
Ko
XBK+PBBT -Xba «— PBBT-Xba XbK;

K11
Au+ PBBT-Xba- XbK «—

+«— Au'PBBT Xba  XbK;
ko
I — Xba.

Ha man. 6 (kpuBa 3) mokazaHO MOXJIH-
By 3MiHy 4actku imigHoi ¢popmu (HOBiX)
XBA B HETOJSIPHOMY PO3YHUHHUKY 3aJI€ AKHO
BiJl €JICKTPOHHUX BJIACTHBOCTEH 3aMiCHHKA

X, ik 3a3HaYeHO B poboTax [6, 8]:

(I

Qo o @05_
09 [0
(XBiOH)

Panime [6, 8], TigbKU 3 ypaxyBaHHIM
aMmigo-iMiJIHOT TayTOMEeTpii, BAaJoCs TOsiC-
HUTH KIHETHYHI 3aKOHOMIPHOCTI KaTamiTH4-
HOTO OTPUMAaHHSI OCH3aHINIY 3aIeKHO Bif
BEJIMY MHU G-KOHCTAHT X TIPW JIOJIaBaHHI 3a-
mimenux 0emanuniaiB XCsH,CONHCGH; y
peakuii BK 3 AuX, mo karami3ywoTtecs PBT.

Huwxye ©HaBeneHo (QparMeHT TaKoTO
koMmiiekcy (PBBT—-ObiX), mo yTtBopuBCS
npu peakiii 3 PBBT (Ky), sikuii, ssk BuaHO,
HE Mae€ KHCJOro aroMa BOJHIO Oinsg atoma
a30Ty, IO MPHU3BOJIUTH 10 3MEHIIEHHSI KO H-
HEHTpaLil KUCJIOTHOTO KaTajli3aropa i ImpHur-
HIYEHHS KaTai3y.

Xot~c
/
0 - __0Bu
BUO —~ I oTiZ

(PBBT-06iX)
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3 ypaxyBaHHSM HaBEJCHUX BWUIIE piB-
HaHp Oanmanc no [PBBT], y npoueci peakiii
MO>KHA 300pa3uTH fK:

[PBBT], = [PBBT]; + Ks-[PBBT];- [XbK]; +
+ K5 Kq [PBBT]y [XbK]y [An]; +
+ K7-[PBBT];:[Xba] + Ky [PBBT],; [HOBiX] +
+ Ko K7 [PBBT] [XbK]y [Xba] + Ky Kio' K7
[PBBT] [XbK]; [Xba] [An], (11)
ne [PBBT]; 1 [An]; — koHmeHtpai
PBBTi1 AH y MoMmeHT yacyt.
bananc mo amigHii Ta iMigHIE Qopmam

3amile Horo OeH3aHiIiy B MePIIOMY Had K-
KEHHI MOYHa 300pa3uTh SK:

[Xba]; = [Xba] + K- [Xba];
[Xba]= [Xba]i/(1+ Ky),
ne [Xba]; — KOHIEHTpaIls OTPUMAHOTO
Xba B momeHT vacy t. Toni:
[PBBT], _ (1+Kg)-[PBBTI,
Q1 02
ne Ql = 1+Ks [XbK]+Ks Kg [XBK]: [ AH]+
+K7 [ Xba+Kg [HOBi X+ K;-K; o [ XBK]
[XBba]+K7'Kio'Ky1 [XBK]y [Xba] [As]; .
Q2= 1+Kg+Ks5 [ XBK]+Ks: Kg: [ XBK ]+
+Ks K [XBK]; [An]+
+KsKgKg: [XBK ], [An]i+
+K7[Xba]+Kq-Kg*[Xba]t K7:Kyo [XBK]y
[Xba)+ K7'Ky9'K11 [XBK]y [Xba]r [As]

[PBBT], =

Woeam= (K"K K +Ko K1 K9 K7 [ XDba))-

Q3

'[PBBT]¢ [ XbK]y-[An}y = 0z’ (13)

ne Q3= (Ky-Ks-Ketky-Ks-Kg-Kgt ky-Ky-Kig-Kyy -
‘[Xbal]y) [Aul; [ XBK], [PBBT],.
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JI. A. lmeiinbepe

Y Mipy 3poCcTaHHs G-KOHCTAHT peakiii it-
Ha 3/IaTHICTh aHUJIIHY MO 000X MapuipyTax
KaTam3y Oyzae 3MeHmyBaTucs (puc. 6, KpuBa
4), a peakuiiina 3gatHicTh XBK, 3 ypaxy-
BaHHAM JIaHUX 31 MIBUIKOCTI peakiii 3 aHi-
JgiHoM Oemsoinxmopuny (piBusunst (5)) i
BIUTMBY 3aMIIIEHOTO OCH30aTHOTO JIiTaHaa Ha
e(eKTUBHICTb €JIeKTPO(iIbHOTO IIEHTpa Ka-
tamizy B komiviekcax |1 II, HaBnmaku, 3pocTta-
tume (puc. 6, kpuBa 5). 3a TaKMX MPOTHIIE-
JKHUX 3aJIC)KHOCTEH peakIiiitHoi 31aTHOCTI
XBK i aHiliHY BiJl G-KOHCTAHT 3HaYCHHS K 1
K, MOXyTh 3MiHIOBATHCS He3Ha4uHO (pHC. 6,
KpuBi 6, 7).

Y wmomenr uyacy t=0, [Xba]y=0,
[XBK]; 6mmeka no [XBK]y, [AH]; Omm3bka
1o [AH]g, peaymi3yeTbCsi TIJIBKM MapuipyT
KOOPJIMHAIIHHOTO KaTawi3y:

[PBBT], = [PBBT],+ Ks:[PBBT],; [XBK],+
+ K5Ke' [PBBT]y [XBK]o [AH]p |

Pigusnusa (12) nns [PBBT], moxxna mepe-
TBOPHUTH 10 BUTISAY:

[PBBT], =
~ [PBBT], _
~ (1+K[XBK],+ K5 K¢ [XBK], [AH],)’

piBssiHbs (13) — 1m0 BUIIAAY:

Weam =
_ ky'Ks'Kg:[PBBT] o [XBK] o+ [AH],
" (14K [XBK] o+ K5-Kg [XBK] o [AH] o)

= Keam* [BK]o' [AHX]p
Ac kKam =

- (14+Ks5-[XBK]o+ Ks-Kg [XBK] o-[AH]g)

(14)
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Skmo X — CWIbHHI €JIEKTPOJO0HOpP,
3HaueHHs 3HaueHwusa Kq, K, — mam, Kz — Be-
JIMKE. MoxHa IIPUILYC TUTH, 110

Ks: [XBK]otKs'Ks - [XBK]o[An]y,  >>1;
Ks[Au]o>> 1, aKkK,,, (piBusuus (14)), 3 ypa-
xyBaHHsiM Bupaszy [PBBT], 3 piBusuus (8),
OOYHCITIOETBCS SIK:

K = k1'Ks-Kgconst1l-K, _
“"" (Ks-[XBK]o+Ks-Ke[XBK]o:[An]o)
_ k1'Ke [PBT] oK, :
" Kg-[AH]y-(1+K5-[H,0]y)
B k,:[PBT] 4K, _
" [An]o-(1+K53-[H,0],)

Ak BugHo 3 piBEIHHA (15), K
B1THOCHO MIBHIKO 3MIHIOETHCS PO IO PIIi HHO
ki-K,, siki pocTyTh y Mipy 30iJbIIICHHS 3HA-
YeHb G-KOHCTAHT 1 TEpexoAy A0 CIIa0KuX
€JCKTPOHO-JIOHOPIB X, IO BIAMOBIJIAE
CKCIIEpUMEHTaNbHI i KpuBiK (puc. 2. KpuBa
A).

SAxkmo X — CUIIbHUM €JIe KTPO HOAKIIE M-
Top, 3HaueHus K;, Ki, K; — Bemuki; Kg—
MaJti. MosxHa MPUIYCTHUTH, 10
Ks [XBK]o + Ks* K [XBK]o[AH]p << 1;
Kg[AH]y << 1; a K, (piB-usauns (14)), 3 ypa-
xyBaHHsM Bupasy [PBBT]y 3 piBusiaas (9),
O0YHUCITIOETHCS SIK -

(15)

kKaT=
ki'K5'Kg[PBT] o Kq

~ (1+ K- [XBK], + K5 Kg-[XBK]o [An]g)- (K, +K,-05)
ky-KsKg-[PBT]o-K
1'K5'Kg*[PBT]p Ky (16)
(K1+ K4-0.5)

Ockumbkn Kj 3HaXOJIUTHCS B YHCEIIbHU-
Ky 1 B 3HaMe HHUKY piBHsIHHS (16) K, Ky, K
— BHIKYIOTbCS, a Kg — 3poctae B Mipy
3MEHIIIC HHS 3HAY€Hb G-KOHCTAHT 1 MepeXo/l
JI0 CIa0KHUX €JICKTPOHOAKIETOPIB, Ky, B
MepIIOMY HaONMWKECHHI, 3MIHIOETHCS MaJo,
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o OJM3BKO 10 €KCIIEPUMEHTAIbHOI KPUBOI
(puc. 2. kpuBa A).

[To Mmipi mpoTikaHHA peakiii B MOMEHT
yacy t # 0, MOXHa TPUMYCTUTH 1CHYyBaHHS
TIJIBKK MapUIPyTy KUCJOTHOTO KaTami3y, KO-
nu ¢axtnaHo Bech PBBT mos'sizanmii y
komiuieke 13 XBA, 1 K7 >> Ky (y poborTi
[31] nokazaHo, 1mo B amnpoToHHOMY 1,2-
IUXJIOPETaHl OCHOBHICTh OCH3aHINAY Ha
YOTUPU TIOPAIKH TEPEBUIIYE TaKy Il
3aMIe HUX OCH30 MHMX KHUCJOT). Tomi, BW-
xoasuu 3 piBHsHHA (12):

(1+Kg)-[PBBT],
Q4
e Q4=1+Kg+ Ky Kg[Xba]+ K;-Kyp
[XBK]y [Xba] + K7-Kyo'Ky1 [XBK] [An]y
[Xbal;+ K;-[Xba]; .

[PBBT]; =

Sk mokazaHo B poOOTi [6], KHCIIOTHICTh
samime Hux oemsanimaiB CgHsCONHCH, X
MOCWITIOETHCS €JICKTPO HO AKIIE ITOPHUMH  3a-
MICHUKAMHU 1 TMPUTHIYYETHCS €JIEKTPOHO0-
HOPHUMU T'pyHaMu, 1 15 3aJ€XKHICTh MMO0-
PAAKOBYETHCSl piBHAHHIO ['amMeTa B KOOPI M-
HaTax pK, BIATOBIIHOTO 3aMmilleHOTO O€ H-
3aHUTIIa — 6. MOJKHA MPUITYCTHUTH, IO KH-
cioTHicTh KoMIuiekciB XBA 3 PBBT Takox

3MIHIOEThCSI TOMIOHMM  duHOM  (puc. 6,
KpuBa 8).

Cknaguima 3aleXHICTh Oyae s
KOHIIEHTpaIili  KHCJOTHOTO  Karajizaropa
K7 [PBBT]-Xba};. SAxkmo X — cuiIbHUA

eNeKTpOHOJOHOp, Ky Onmbka 10 HyJs,
imigHOT popmu HOBi1X maino (puc. 6, kpuBa
3). Toxmi moxHa npunyctutH, mo K;7-[Xba]
>>K;7 Ky [XBK]y [Xba] + K7 Ko Ky [XBK]y
[Aa]-[Xba], Kg<<1, aBwupas:
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K, -[XBal ;- [PBBTI,

K;-[PBBT]; [Xba] =

Q5
K--[XBal,-[PBBT]
=7 L % = [PBBT],=
K7’[XBa]t
K,-constl
(me Q5 = K;'Kyo'[XBK]; - [XBa]; +
K7'K10'K11'

[XBK];[An]y [Xba} + Ky [XBal)

— IIBHUAKO 3pOCTa€ NpH NEepexoal 10

cmabKkux  enekTpoHomoHopiB X  (puc. 6,
KpuBa 9).
WKaT: kg'K]_o'Kll'Kz'ConStl [XBK]t [AH]t:

= kKaT.' [XBK]t [AH]t ’
e kKaT = kz'Klo'Kll'Kz'ConStl.

(17)

[Mpu 3poctanHi o-kKoHCTAHT Ky, K, —
Mai 1 pocTyTh, K;; — Benukai magae, Kig
Ma€ CepeaHe 3HaueHHs, a K, (pIBHAHHA
(17)) 301mbIITyETHCS BITHOCHO HIBHAKO B Mi-
py Mepexoay A0 CIa0KUX eJECKTPOHOI0HOP-
HUX X, IO TaKOX OJM3BKO JI0 €KCIIEPUME H-
TaJibHOT KpuBOi (pwc. 2, kpuBa A).

Skmo X — CWIbHMI €JIe KTPO HOAKLIE IT-
Top, Kg Mae BIJIHOCHO BHCOKE 3HAYCHHI,
imigHOi popmu HOBiX Gararo (puc. 6, Kpu-

Ba 3). Tomi MoXHa MPUMYCTHTH, IO
Kg Ko [Xbal >> KgtKy[Xbal  +
K7 Ko [XBK} [Xba} + Ky Ko K

‘[XBK]y [An]y [Xbal, Kg>>1; aBupas:

K7 [PBBT]y [Xba];= =5 [XBal¢ Kg- [PBBT]():

Kg'Kg-[XBalt
_ K7[PBBT]0 _ K7’K1‘C0nst2
Kq Kg-Ky

— MBUAKO 3POCTaE TMpPH TMEepexodi [0
cnabKkux eneKkTpoHoakuenTopieB X (puc. 6,
KpuBa 9).

123
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WKaT:
_k2.K7.Klo.Kll.[AH]t.[XBK]t.[PBBT]O _
= Kg =

= kKaT' [XBK]I [AH]t J (18)
kz‘K7'K10'K11'K1'C0nSt2
e Kiar = :
Kg'K4

[Mpu 3MeHIIeHHI 6-KOHCTAHT Ky, Ky, Ki,
Ky Benwki, ane mamaroth; Kij; — Mana i
3pocTtae; K7, Kjp— MarOTh CepeaHE 3HAUE H-
v, K, (piBEsHEs (18)) Moxe 3a3HaBaTH
HEBEJIMKI 3MIHU B MIpy MEpPeXoay 10 ciad-
KHUX €JIEKTPOHOAKIENTOPHUX X, OCKIJIBKHU Y
YUCELHUKY 1 B 3HAMEHHHUKY € KOHCTaHTH,
IK1I 3MIHIOIOTBCSA CHMOATHO, IO TaKOX
OJIMBBKO 10 €KCIepU-MEHTAIBLHOI  KPHUBOL
(puc. 2, kpuBa A).

ikaBo posrmsnytu BmiuB X y XBK,
1[0 MAIOTh HU3BKY PEaKIlMHY 31aTHICTh, KA
HE BIJITIOB1/1a€ OYiKYBaHii, BUXOISUH 31 3HA-
YeHb G,-KOHCTAHT.

BignocHo Hm3bki 3HayeHHs K, 118
aMiHOOeH30MHUX KHCIOT (X = 3- 1 4-NH,)
MOXyTb OyTH 3yMOBJICHI 301JIbIIEHOIO KO H-
ICHTPAIEI0 aMiHy, B SKOCTI SIKOTO pearye
SIK aHlJIH, Tak 1 caMa aMiHOOe H30 THa KWCIIO-
ta. He BukIOYEeHO, 1O OTPUMAHHSI
Mo JTiaMifiB MOe MPUBOJIUTH OO0 OararoTo-
YKOBOI koopauHamii 3 HumMu PBBT 1
npurHideHas Katam3y peakii (1). Tak,
BiloMo [32], 1m0 THUTaHOIIC HIIiXJIO P
KOHIIEHCYETbCA 3 aMiHOKapOOHOBUMH KH-
CJIOTaMH 3 YTBOPEHHSAM TOJIIMEpIB.

Jl1s mepeBipku TakoTO BapiaHTy 1HTIOY-
BaHHA BUBYWIM CHUHTe3 O€H3aHIIILY
(piBwsians (1)) y mpucyrHocTti 10% MoJL. 1O
BigHome HHrO 10 bK 4-amMiHOOEH301HOT Ku-
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CJIOTH B TOpiBHUILHMX yMoBax. IlokaszaHo,
0 Take JOJaBaHHA HE 3HIKYE BUXIJ
OeH3aHl Iy .

Binoma xoopawuHamis CrodyK TUTaHy 3
XBK (X = 4-NH,) mo awmiHO-, a He
KapOoHiIbHIA Tpyni [33], mo He npuBo-
IWATh A0 i1 akTuBami A0 HYyKJeo(d1IbHOT
araku 1 MoXe OyTH NPUYMHOI  HU3BKOI
peakIiitHoi 37aTHOCTI  4-amMiHOOEH30 MHO1
KUCIIOTH.

HynboBuii BuXim aHUmOIB  130- 1
TepedTaneBoi KUCIOT MOXKe OYTH HACTIAKOM
BHUCOKOT KOHIIC HTpAIli KapOOKC WIbHUX TPYTI,
0, SIK TI0OKa3aHO paHimie 111 OCH30MHO1 KH-
ciot [19], mnpw3BOAUTH A0 YTBOPEHHS
wmutux» PBBT* (K,;) 1 mnpurHiueHHs
KaTtam3y. ¥ po0oti [32] BCTAaHOBJIEHO OTpH-
MaHHA NOJIOHOrO <(GIIUTOrO» MUKJIIYHOTO
KOMIUICKCY, IO SBIIIE COOOK MPOIYKT
KOHJCHCAIlll YOTUPHOX MOJEKYT Teped-
TajgeBOl KHCJIOTH 3 YOTHpPMa MOJEKYyJIaMu
JAIIAKJIO TTe HTa1€ HIJAIXJIOpHaa TUTaHY.

Henpsimum  miaTBEepIKEeHHIM  TakKOTO
MexaHi3My BIutuBy Ha PBT mosxe ciyxutu
3HWKEHHS BUXOJAy O€H3aHUIAy (piBHAHHA
(1)) y cmiBcTaBHUX yMOBax MpH J0/JaBaHHI
10 % wMox. mo BigHomeHHI0O 10 bK
tepedraneBoi kucyiotu 3 86 g0 60 % 3a 2
roJI.

VY pob6oTi [4] BcTaHOBIIEHO 1HTIOYBaHHS
katam3y TBT peakiiii O€H301MHOT KHUCJIOTH 3
aHUIHOM  JOJaBaHHAMHU 3- 1 4-0Kcu-
OCH30MHOT KHUCJIOT, 3aMpoToHOBAHUA MeXa-
HI3M Horo Aii 32 paxyHOK NEepeHEeCEeHHs elle-
KTPOHIB 3 apOMarudHO MOB'SI3aHOT OKCUIPY-
M HA aTOM THUTAaHY, IO CYMPOBOIKYETHCS
3HIDKEHHSIM €(EKTUBHOTO 3apsily OCTaH-
HBOTO.

Bimomi xommiekcu TiCl, i TBT i3 ¢e-
HOJIAaMW TI0 apOMAaTHMYHIM OKCHUIpyI, IO
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MalTh  SCKpaBe, dYacTo  IOMapaHYeBO-
yepBoHe, 3a0apeneHHs [34]. [IpoBeneHo ixHe
KBAaHTOBO-XIMIYHE MOJEJIIOBAHHS 1 IOKa3a-
HO, IO PO3paxoBaHl 3apsAau aTOMIB TUTaHY
3MiHIOIOTECS Big +1.804 mo +1.629 [35]. 11
BEJIMY MHU 1ICTOTHO BIJIPi3 HAIOTHCS Bif MEpe/I-
OauyBanux (y BHIMAIKy 10HHOTO 3B'SI3KY) 3a-
pAZliB HAa KOXKHIM MOJIEKyni Jirauay -2 i Ha
aroMi TUTaHy +4, 10 MOJE CBIAYHUTH TIPO
3HIKEHHSI JIbIOICOBCHKOT KHCJIOTHOCTI CTIOJYK
TUTaHY.

Ha npuxinani cuHTe3y KOMIUIEKCIB THITY
ArOTiCl; Big3znaueHo, mio apijbHUI KUCEHb
3MIHCHIOE €JIEKTPOHOJIOHOPHY Mdit0, 3HIKYE
KHUCJIOTHICTH JIbtoica atoma Ti 1 3MiHIOE TUM
caM¥UM KaTaJiTUIHY aKTUBHICTh KOMIIJICKCIB
y pi3Hux peakiisx [36].

3 MeTOK MiATBEPIKEHHS MOIKJIUBOTO
YTBOPEHHS KOMIUIEKCIB 13 TIEPEHOCOM 3apsi-
Iy BUBYEHE 3a0apBJICHHS 0pmMO-KCWIOJIbHUAX
po3unHiB pizHEX XbK 3 PBT. BecranoBneHo,
mo XbK (X = 3-OH 1 4-OH) yTBOpIotoTs 3
PBT opanxkoBO-uepBOHI PO3YUHH, 3 SIKHX
Burnagae yepBoHui ocax. Jmsa inmux XbK
(X = 3-NH,, 4-1, 3-OCHs;, 3-CHj, 4-CH,)
KIHIIEB1 PO3YHUHU MAIOTh >KOBTHM ab0 CBITIO-
XKOBTHUH KoJsip. MalyTh, OKCHOCH30WHI KU-
CIIOTH B NOCHIKyBaHii peakmii (1) Takox
yTBOpro1oTh 13 PBT xommieken 3 apomarud-
HO TMOB'I3aHOI0 OKCHUTPYIOIO, IO MPHU3BO-
JIUTh 10 3HW)KEHOI AKTHBHOCTI  €JIEKTPO-
(b1IbHOTO LIEHTPY KaTam3y.

TakuM 4YHMHOM, NOCIIJKEHHS KaTalli30-
BaHOT MONIOYTOKCUTUTAHAMU pEaKIii 3ami-
mIeHNX OEH30MHUX KHUCJIOT 3 aHiJIIHOM MOKa-
3aJ10 CKJIaJHy pOJIb 3aMiCHUKIB B SIApPI BUXIiJ-
HOi KapOoHOBOT KucIOTU. OCTaHHs, 3B'A3yI0-
YUCh HA CAMOMY TOYAaTKy PeaKilii 3 aHiJiiHOM
B H-koMmIiekc, BmIMBaEe TakuM YHHOM Ha
TAPOMITHIHY CTIHKICTh, CTPYKTYpPY 1 KaTa-
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JITUMHY aKTUBHICTh 3aMillIEHUX TOJIOYTOKI-
OeH30aTiB TUTaHy, IO YTBOPIOIOTHCS, € 1cC-
TUHHUM O01() YHKITIO HAJIbHUM KaTaJi3aTopoM,
KM 3abe3rneuye MPOTIKAHHA peakiii 1o
MapuIpyTy KOOPAWHALIMHOTO KaTami3y.

MosxnuBuil IBOSKUIA BIUIUB X Yy 3aMi-
IIeHUX OeH30aTax TUTaHy Ha e€()eKTUBHICTb
O0idpyskIoHanmpHOTO Karamizatopa. Illo 06i-
JbIIIe 3HAYEHHS Oy 1 BIATATYBAHHS €JIEKTPO-
HIB BiJl aTOMa THTaHYy, TO CWIbHIIIUM € eJIe-
kTpodibHUN TIeHTp Katam3y. Lo meHmuM
€ 3HAYCHHA Ox 1 cHibHImHA H-3B'130K Kap-
OOHLITLHOI TPYMH 3aMIMIEHOTO OEH30aTy TH-
TaHy 3 BOJHEM aMiHOTPYIH aHiJliHYy, TO CH-
JHHIIIUM € HYKJIeO(DIUIbHUIA UEHTP KaTali-
3y.

CuHTe30BaHMH MO XOAy peakmii 3ami-
mieHnid OCH3aHIJIJ YTBOPIOE KOMIUIEKC 13
nomioyTokiOeH3oaTaMu TUTaHy, KUK € Oi-
GyHKIIOHATTbHUM ~ KHCJIOTHUM  KaTalli3aro-
poM aminyBaums. Moro komreHTpamist 3611b-
IIYETHCS TPOTIOPLIMHO HE 10 3arajbHOi Ki-
JBKOCTI 3aMIIIEHOTO YTBOPEHOTO OEH3aHiIi-
Jly, a JIMIIEe KOHIEeHTpalli Woro amigHoi ¢o-

pMHUL IminHa dopma 3aMille HOTO
OcH3aHIIAy, M0 YTBOPIOETHCS B Maci B
pe3yJsibTari  TayTOMIPHUX  TE€PETBOPEHb,

BUCTyINa€ B poJii 1Hri0iTOpa Karamidy 1 He
YTBOPIOE KHUCJIOTHHMA Karami3aTop.

Taki ckjamHi 3aKOHOMIPHOCTI KaTami3y
BiloOpakae (opMa rameTiBChKoi KpHUBOI KO-
pessiiii KOHCTaHT MIBUAKOCTI JPYroro To-
PSAKY BOMA Bipi3KaMH MPSIMUX JJIT OKpe-
MHUX TPYI 3aCTyIHUKIB 3 p = 1.76 (enexTpo-
HomoHopH) 1 0.12 (enmeKTpoHOAKIIEITo pH).

[IpakTHaHUN CUHTE3 3aMillIe HUX OeH3a-
HIJIIB peakiiero 3aMilleHuX OeH30 MHUX
KHUCJIOT 3 aHIJIHOM MOJXHa MPOBOJUTHU yC-
MITHO y aTMOcdepi TOBITPs.
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BJIUSHUE 3AMECTUTEJIEN HA CKOPOCTD
PEAKIIMM META- U ITAP ABAMEILEHHBI X
BEH30MHBIX KUCJIOT C AHWIWHOM,
KATAJIM3UPYEMOM [MOJIMBYTOKCU-
TUTAHATAMU

JI. S1. llreiin6epr*

Hayuno-mexnuueckoe  yupeoscoenue «HMucmu-
Mym XUMUYECKOU MeXHOI02UU U NPOMblUL-
JIeHHOU  3Kono2uuy, ni. Xumuxos, 3, Pyoe-
acnoe, Jlyeanckas oon., 93009, Vipauna
*e-mail: leon.shteynberg@gmail.com

Karanu3 monuOyTrokcMTUTaHATaMU aIUiIu-
pOBaHMSI aHUJIMHA METa- U Mapa3zaMeleHHbIMU
OCH30MHBIMU KUCJIOTaMH MPUBOAUT K MOIyde-
HUIO 3aMEIICHHBIX OCH3aHWIHAO0B. KOHCTaHTHI
CKOPOCTH 3TOM peakIuu BTOPOTO mopsaka (1e-
PBBI O aHWJIMHY W 3aMEIICHHOW OEH30MHOM-
KUCIIOTE; KUIIUMi opmo-kcunod, 145 °C) xo-
POIIO KOPPENIUPYIOTCS IO ypaBHEHUIO ['ammera
JBYMsI OTpEe3KaMHM TMpsAMBIX Ui OTAEIbHBIX
rpynn 3amectuteneit ¢ p = 1.76 (31ekrpoHOo10-
Hopbl) U 0.12 (3nekrpoHoakmenTopsr). M3 aToi
3aBHCHUMOCTH BBINAJAIOT OKCHOEH30MHbBIE H
draneBbie KUCIOTHI, HE pearupylONye ¢ aHUIIH-
HOM U HHTUOUPYIOIME B3aMMOJECHCTBUE II0-
clieqHero ¢ OEH30MHON KUCIOTOM.

Ha ocHOBaHMM 3TUX JaHHBIX, a TAKKE PE3Y-
JHTATOB paHee MPOBEICHHOTO B COMOCTABUMBIX
YCIOBUSIX HCCIEIOBAaHUS B3aMMOJEHUCTBUS 3a-
MEIICHHBIX aHUJIWHOB C OEH30HHON KHJIOTOM,
MPEeAIoKEH MEXaHu3M Ou (PyH KIIMOHATBHOTO
KaTalin3a 3a c4eT 00pa3oBaHUs B MEPBbIE MUHY-
TBI peakiuu in Situ monnOyToKCHOSH30aTOB TH-
TaHa — WCTUHHBIX KaTaJIM3aTOPOB IpoIiecca.
HykneodunbHBIH IIeHTp KaTajau3aropa MOXKET
OBITh NpE/CTaBlIEH KapOOHWJIBHON IPYNION CBS-
3aHHOTO C aTOMOM THTaHa 3aMEIICHHOTO OeH30a-
Ta, oOpa3ytomero H-cBsi3p ¢ aToMaMu BogopoAa
aMUHOTPYINbBl aHWJINHA, AaKTUBUPOBAHHOTO Ta-
KUM 00pa3oM K B3aMMOJEHUCTBHUIO C 3aMeElIeH-
HOW OCH30HHOW KuciaoTol. B kauecTBe 3jeKkT-
POPUIBLHOTO LIEHTPA KaTalIM3aTopa, aKTUBUPY-
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IOLET0 KapOOHWJIBHYIO TPYIIY 3aMeleHHOU
OCH30MHON KUCIIOTHI K HYKIEO (PHIBHOM arake
AQHUJIMHOM, MOTYT BBICTYNAaTh AaTOMBbI THUTaHa
MOJIUTUTAaHATa (KOOPIMALlMOHHBIM KaTalu3) U UX
KOMILJIEKChl C 00pa3yroIMMUCS 3aMEeIleHHbBIMU
OeHzaHWIUAaMu (KUCJIOTHBIM KaTanu3z). CBs-
3aHHBIU C 3aMEILEHHBIM OEH30aTOM aTOM THUTaHa
IIPOSIBJIAET, B 3aBUCMMOCTH OT IPUPOJIBI 3aMec-
TUTENS, PA3IMYHYI0 KaTaJIUTUYECKYK0 AaKTHB-
HOCTb.

KnwouyeBble cioBa: noiuOyrokCuTUTa-
HaTbl, KWHETHKA, KOHCTAaHTa CKOPOCTH PEAKIUH,
3aMeIIeHHbIe OEH30iHbIe KHUCIIOTHI, AaHWJIMH,
3aMellleHHble O€H3aHUIINIbl, ypaBHEHUE ['amme-
Ta, KaTaJIu3.

INFLUENCE OF SUBSTITUTES ON THE
RATE OF THE REACTION OF META- AND
PARASUBSTITUTED  BENZOIC  ACIDS
WTH ANILINE, CATALYZED BY
POLYBUTOXYTITANATES

L.Ya. Shteinberg*

The Scientific-technical institution «Institute of
chemical technology and industrial ecologyy,
Chemists square, 3, Rubezhnoye, Luhansk re-
gion, 93009, Ukraine

*e-mail: leon.shteynberg@gmail.com

The polybutoxytitanates catalysis of acyla-
tion of anilines by meta- and parasubstituted
benzoic acid results in substituted benzanilides.
The rate constants of this second-order reaction
(the first in terms of aniline and substituted
benzoic acid; boiling ortho-xylene, 145 °C)
correlates well according to the Hammett
equation with two straight lines for individual
groups of substituents with p = 1.76 (electron
donors) and 0.12 (electron acceptors).
Oxybenzoic and phthalic acids, that do not react
with aniline and inhibit the interaction of the
latter with benzoic acid, fall out of this
dependence.
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Based on these data, as well as the results
of a previous studies of the interaction of
substituted anilines with a benzoic acid made
under comparable conditions, a mechanism of
bifunctional catalysis due to the formation of
titanium polybutoxybenzoates in the first
minutes of the reaction in situ — the true
catalysts of the process, is proposed. The
nucleophilic center of the catalyst can be repre-
sented by the carbonyl group of a substituted
benzoate bound to a titanium atom, forming an
H-bond with hydrogen atoms of the amino
group of aniline, thus activated to react with a
substituted benzoic acid.

The titanium atoms of polytitanate (coordi-
nation catalysis) and their complexes with the
resulting substituted benzanilides (acid catalysis)
can act as the electrophilic center of a catalyst
that activates the carbonyl group of a substituted
benzoic acid to nucleophilic attack by aniline. A
titanium atom bound to a substituted benzoate
exhibits, depending on the nature of the substit-
uent, various catalytic activity.

Keywords: polybutoxytitanates, kinetics,
reaction rate constant, substituted benzoic acids,
aniline, substituted benzanilides, Hammett equa-
tion, catalysis.
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