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The mechanically destroyed elementary primary Zn—MnQO, batteries were studied using elect-
rochemical impedance spectroscopy, scanning electron microscopy and elemental analysis
of the surface. It has been experimentally proved that the change of the average capacity of
the destroyed elements in time is a function of not only the geometry of the surface, but also
its component composition. During study the correlation of the photomicrographic images
of the electrodes surface with three-dimensional contour diagrams in coordinates: changing
of capacitance means value, dispersion of capacitance and frequency was found.

Keywords: primary batteries, electrodes, mechanical destruction, impedance spectro-

scopy, capacitance dispersion.

INTRODUCTION. Today the modern me-
thods of electrochemical impedance spectrosco-
py (EIS) are widely used for measuring and in-
vestigation interphase and bulk electrochemical
properties of materials and devices based on
them [1]. The most well-known method is the
construction of equivalent electrochemical cir-
cuits with the corresponding set of elements that
simulate the behavior of components of the elec-
trochemical system (electrodes, interphase inter-
actions of the electrode and electrolyte, ion dif-
fusion, etc.). But disputes over the interpretation
of the elements of these chains, especially of the
constant phase element (CPE), are continued [2—
6]. It is well known, that a perfectly polarized
electrode is an electrode without any RedOx re-
actions on the surface. According to impedance
theory such electrodes are modeled by the ele-
ment of capacitance [3-6]. The formation of the
perfectly polarized electrode is possible only

© O.L.Riabokin, O.V.Boichuk, K.D.Pershina, 2019
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on the geometrically and atomically homogene-
ous surfaces such as liquid mercury or single
crystals (monocrystal) electrodes. The surface of
polycrystalline solids is never completely homo-
geneous on an atomic level — as a result, ener-
gy heterogeneities along the surface are formed.
Such lack of homogeneity is reason of the for-
mation of kinks, dislocations, and on a much lar-
ger scale corrugation, scratches, pits, grooves, etc.
This makes the surface "disordered” from a geo-
metric point of view, so it has two types of geo-

metric irregularities: on the atomic level and le-
vel, that is much bigger than 10 nm [7]. Superfi-
cial disorders and roughness are interrelated be-
cause the mechanically rough surface has a large
number of dislocations. Therefore, on polycrys-
talline solid electrodes (even on smooth ones) the
impedance is not purely capacitive. This is con-
nected with such effect as the double electric
layer frequency dependent capacitance formation
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named as "frequency capacitance dispersion", or
simply — a "capacitance dispersion”, which de-
pends on the geometry of the surface and its
roughness. Thus, the total impedance of the elec-
trode is the sum of the real and complex functi-
ons of the resistive and capacitive elements for-
med in the volume of the solution and on the elec-
trode/electrolyte interphase, respectively, the inter-
facial capacity become a frequency dependent.
Assuming a certain geometry of the electrodes (po-
rous [3-5] or fractal [6]), the CPE element is
often use to calculate this capacity. However, ac-
cording to [7] these calculations were to give in-
flated results which can not be used for inter-
preting the actually existing relationship bet-
ween roughness and the capacitance dispersion.
The second physicochemical explanation for the
occurrence of the capacitance dispersion is the
formation of a double electric layer (DEL) at the
electrode/electrolyte boundary with the atomic in-
homogeneities due the specific adsorption of ions.
The presence of such adsorption causes the dis-
tribution of the activation energy during kinetic
processes on the electrode surface [8-10]. The
relatively narrow distribution of the activation ener-
gy causes a wide distribution of reaction speed
constants (or time constants), because they con-
nected by the exponential relationship. This rela-
tionship gives a more pronounced frequency de-
pendence of capacitance [11]. This dependence
with combination of Kirgoff’s laws makes pos-
sible to use the principles of commutation [12—
14] for calculation of the impedance spectra of
batteries electrodes after changing surface geome-
try (mechanical destruction). So the purpose of the
current study is to obtain regularities between
the changing of the capacitance in time, the fre-
quency capacitance dispersion and the degree of
mechanical destruction of the electrodes of the
primary current sources.

EXPERIMENT AND DISCUSSION OF
THE RESULTS. We chose the new commercial
alkaline zinc-manganese batteries 6LR61, with a
voltage of 9.0 V as the samples under investiga-

tion. Such elements consist of the six primary cur-
rent sources, which are connected in series by a
sequential circuit. Each primary current source
has the form of the square tablet and consists of
a cathode — the mixtures of MnO, (pyrolusite)
with graphite (95 %) impregnated with an alka-
line electrolyte (mixtures of KOH and NH4CI)
and an anode — the powder metal zinc (fig. 1).

“electrolyte

En - C+MnO,

Fig. 1. Scheme of the elementary element.

According to the design of the elemen-
tary battery, the cathode with a current collector
(graphite) is inside of the tablet, and the anode is
on its surface. Therefore, the level of mechanical
destruction should change not only the electro-
chemical characteristics of a single source, but
also the chemical composition of the surface.
Thus, the nine-volt batteries are a good system
for investigating the effect of mechanical dam-
age on the electrochemical and chemical proper-
ties of these energy sources. Mechanical impact
on elements with varying degrees of depth and
area was made by force using a scalpel. Electro-
chemical impedance spectra were measured in
two electrode cells on an electrochemical modu-
le Autolab-30 PGSTAT302N Metrohm Autolab,
with FRA (Frequency Response Analyzer) in-
stalled in the range of 107°-10° Hz. Wrecking
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electrodes were further impregnated with 1M aqu-
eous solution KCI to ensure good contact during
measurements. Control of the FRA module was
carried out using the program Autolab 4.9 at an
amplitude perturbation signal of £5 mV with
further processing of the obtained results in the
package Zview 2.0. Calculations of the capacity
dispersion were performed using impedance spec-
tra in Bode coordinates based on the Zview 2.0
software package, using the formulas:

C(w) = ([Zw) - Z(w » ©)]w), (1)
where C(w) — dispersion of capacitance; Z(®) —
impedance data on preset frequency; Z(w—wx) —
impedance data on high frequency.

C= : 2
- Z2mf ] @
C — capacitance data on fixed frequency; Z’— data
of real part of impedance; f — frequency.

Photomicrographic images and chemical
composition of the surface were obtained by a
scanning electron microscope (TESCAN VEGA
3) with Bruker Company software, which is
used for determination the local chemical com-
position and building a “map” of distribution of
chemical elements on the electrodes surface.
The degree of the surface destruction of the ele-
ment was calculated by the ratio of the visual
area of the destroyed surface (Sg) to the total sur-
face area (Sy):

Sd
aq = — x 100 %. 3)
ST

During comparison of the impedance spec-
tra of elements with different degrees of destruc-
tion with their chemical composition and surface
photomicrographs were determined that the radii
of the semicircles of the spectra correlate with
the degree of surface destruction (fig. 2, 3). It was
found that the values of the capacitances calcu-
lated according to equation 2 are a function of
the radius of the semicircle of the impedance
spectra (table 1).

Fig. 2. SEM images of the elements surface.

Z" O
110 4

g

i

Fig. 3. EIS of the elements in the Nyquist plots,
numeration of samples according fig. 2.

Increasing of the capacitance and the de-
gree of the element destruction has an antibate
character.

The capacitance of samples is increased in
following way: Ne 2 > Ne 1 > Ne 4 > Ne 3, and the
degree of destruction is decreased in similar way:
Ne 3> Ne. 4> Nol> Ne 2. Thus, a decreasing of
the value of the capacitance is correlated with
an increasing of the degree of destruction of the
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Table 1l
The degree destruction and the calcula-
ted capacitance of the elementary elements

Sample og, %0 C F
1 5 1.34:10°°
2 7 1.28:10°°
3 25 7.46:10°°
4 85 9.94:10°°

electrode surface. The subsequent studies of the
chemical composition of the surface found that
the mechanical destruction of the electrodes le-
ads to a change in the Zn : Mn ratio, which had
changed the value of the capacitance (table 2).
The maximum value of the capacitance is rea-
ched at the ratio Zn: Mn = 2:1 and accorded
with the minimum destruction of the electrode
surface. The minimum capacity is observed in
sample Ne 3, which has the maximum concent-
ration of Manganese on the surface (Zn: Mn =
1:3) and the maximum degree of destruction
(fig. 2). That is, the destruction of the electrode
surface leads to a change in the ratio of Zinc and
Manganese. With strong volume destruction of
the sample, the number of Manganese increases

significantly. But the anode surface destruction

Table 2
Chemical composition of the samples surface,
mas. %

Sample [Zn] [ Mn] [C] Zn:Mn

1 45.29 21.32 33.39 2:1
+0.01 +0.03 +0.01

2 26.66 42.96 30.37 1:2
+0.01 +0.03 +0.01

3 17.46 46.92 35.62 1:3
+0.01 +0.03 +0.01
60.76 16.40 22.84 41

4 10.01 +0.03 +0.03 '

Fig. 4. SEM images and components “map” of
the samples: minimum (a) and maximum (b) of
the surface and volume destruction.

has influence, which comparable with volume de-
struction (sample Ne 4) (table 1, 2, fig. 4). So, the
capacitance is a function not only of the geome-
try of the surface, but also of its components com-
position. This gives grounds for its further use as
a test parameter for the assessment of the state
of art and the degree of destruction of the batte-
ries. It is possible to use a capacitance’s disper-
sion as a second test parameter to account for a
certain electrode surface geometry for increasing
the self-descriptiveness of the analysis [3-5]. Mo-
reover, the using of only this testing function le-
ads to high errors gaining, which allows it to use
only for qualitative evaluation of the electrode
surface [7]. Based on the exponential relation-
ship between the impedance value and frequen-
cy — dependent capacitance:
1

Zu =y Gy

(4)

Yo — frequency-dependent factor; n — level of
frequency dependence. With n—oo, the frequ-
ency dependence is increased. So, such depend-
ence gives reason to use imaginary part of im-
pedance as a concentrated parameter. It is me-
ans, that it is possible to consider the changes in
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the AC wavelength from the moment of its oc-
currence to a certain point in time as function
of the impedance of the system in the assign
frequency range. Then, based on Kirchhoff's
circuit laws, the dependence between changing
of the capacitance, current and voltage will be
looking as:

duc 1 i i 1
= —1l, + 14 + - .
( 2 1 ]) C(—:g+l2 +])

To solve this equation at different time in-
tervals we suggesting to use Duhamel's integrals:

it ¢

()

for the interval 0 <t < t;:
uc(t) = fy ae™ Py (v)de; ®)
for the interval t; <t < t,:
uc(t) = fotl ae~ "Dy, (t)dt + Auy % (1-
— gmalt=t)y 4 ffl ae~ Dy, ()dr;  (7)

for the interval t > t,:

uc(t) = fotl ae~ Dy, (1)dt + Auy % (1-

— emalt=t)) 4 fttf’ ae™ "Dy, (t)dt —
(8)

So, if impedance spectra of samples sepa-
rate into three frequency zones, which satisfied
for such mathematical conditions, it has been ob-
tained an integral picture of the sample. Moreo-
ver it can be possible to register the surface
changes of the destroyed electrodes using this
method. For obtaining EIS images the capaci-
tance value and capacitance dispersions calcu-
lated in the three frequency ranges: 10°~10" Hz,
10%-10* Hz and 10*-10° Hz, after that, the ob-
tained value was used for building contour dia-
grams in coordinates: capacitance means value,
dispersion of capacitance and frequency. So, the
obtained picture gives the ability to trace the la-
yer-by-layer change of the electrical parameters
of the research objects and to establish the inter-

— Au, —R(ae‘a(t‘tZ)) .

nal structure of the electrode/electrolyte bounda-
ry. That is, according to existing ideas [15], such
dependence falls under the signs of a tomogram.
Also, the comparison of the obtained diagrams
with photomicrographs showed the correlation
between them. The general appearance of the ob-
tained diagrams repeated the contours of surface
damage (fig. 5). It is fixed a presence of sections
with local concentrated deviations from the total
distribution of capacity in the specific frequency
range in the case of deep damage of the samples
on the obtained diagrams.

Moreover, the ratio of the capacitance
values (Cp) and the dispersion of the capacitan-

EIS image Ne 1
- y

SEM image Ne 1

SEM image Ne2
- 3

EIS image '~ Ne3

&

EIS mage '™ W4

SEM image N g

Fig. 5. Photomicrographs of samples surfaces (SEM
images) and integral diagrams of capacitance chang-
es on their surface (EIS images).
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ce (Cy) are correlated with the component com-
position of the surface of the destroyed samples
(table 2, fig. 4, 5). Thus, these diagrams can be
used to estimate the type of damage to the elec-
trodes of chemical current sources.
CONCLUSIONS. The results of the cur-
rent study show that the changes in the capaci-
tance and dispersion of capacitance of destroyed
primary Zn—MnQO; batteries in wide frequency
range is a function not only of the geometry of
the surface, but also of its chemical composition
of the surface. The using of the second frequen-
cy-dependent value (dispersion of the capacitan-
ce) as a concentrated parameter allowed the ap-
plication of the principles of the electric current
commutation to register the layer-by-layer chan-
ges of the destroyed electrodes and obtained a
visual picture of the quantitative and qualitative
changes of the destroyed samples. The images gai-
ned through calculation of the impedance spec-
tra have a strong correlation with SEM images.
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PesynpTatn mpoBeneHUX AOCIiIKEHb MOKa3a-
T, 110 3MiHA CepPeJHbOT EMHOCTI 3pyHHOBaHUX eJie-
KTPOJiB XIMIYHHUX JKEpell CTpyMy B 4Yaci € (yHKIIi-
€10 HE TUILKHA reOMeTpil MOBEpXHi, a U il KOMITOHEH-
THOTO CKJIaay. MakcHUMallbHe 3HA4YEeHHS CeperHbOl

€MHOCTI JTOCSTA€EThCS TIPH CIiBBigHOMEHHI ZN:Mn =
2:1 Ta MiHIMaNBHIA 3pYHHOBAHOCTI MTOBEPXHI €JIEKT-
poma. MiHiManbHa €MHICTP Ma€ MaKCUMAalIbHy KOH-
LEHTpAIlil0 MapraHup Ha mnoBepxHi (Zn:Mn =1:3)
Ta MakCHMANbHUI CTyMiHb 3pyHHOBaHOCTi. ToOTO
pyHHYBaHHsI MOBEPXHi €NEKTPOMAIB MPUBOIUTH 0
3MIHH CHIBBITHOIICHHS IUHKY Ta Mapradio. [Ipu
CHWJIBHOMY pyWHYBaHHI MOBEPXHI KiJTbKICTh MapraH-
L}0 3HAYHO 3pocTae. BukopucranHa opyroi 4acToT-
HO-3QJIC)KHOI BEIMYHUHU (AHCTIEpCii EMHOCTI) B SIKO-
CTI 30CEepemKEHOro mapameTpy A03BOJIUIO 3aCTOCY-
BaHHS NPUHIMIIB KOMYTallii eJIEeKTPUYHOTO CTPY-
My JUIS peecTpalii MomapoBoi 3MiHH €MHOCHUX Xa-
PaKTEepUCTUK 3PYyHHOBAaHUX €NEKTPOIIB Ta OTPH-
MaHHS HAa0YHOI KAapTHUHHU KIUTBKICHUX Ta SKICHHX
3MiH, MO BiAOYBAaIOTHCS B pe3yNbTaTi pyWHYBaHHS.
3araJibHUI BUTTISIL OTPUMAHMX JiarpaM BiATBOPIOBAB
KOHTYpH IOIIKO/KEHb MOBEpXHi. Y pasi TIMOOKHX
MOIIKO/DKEHb Ha Jiarpamax CIOCTEPIraeTbCs HasiB-
HICTh JUISHOK 3 KOHIICHTPOBAaHMMH BiJIXWUJICHHSIMHU
Bil 3arajlkHOrO PO3IOMITY B Yaci MOKa3HHUKIB €M-
HOCTi. OT)Xe, OTpUMaHa KapTHHA Ja€ MOXKIHUBICTbH
BIJICTE)XYBaTH TMOMIAPOBI 3MiHH ENEKTPUYHUX Mapa-
MeTpiB OO'€KTIB JOCHiKEHHS Ta BCTAHOBIIOBATH
BHYTPILIHIO CTPYKTYpYy MeXi eJeKTponaa/eneKkTpo-
nity. ToOTo, 3rigHO 3 ICHYIOUHMH iJesIMH, i Taka 3a-
JICOKHICTh MiJNAJae ]l O3HaKu ToMorpamu. Ta-
KO TIOPIBHSHHS 00pOOJIeHNX JiarpaM 3 MiKpohoTo-
rpadisiMi TOKa3ajo KOpEJLilo MK HUMH. 3arajib-
Ha XapaKTepUCTHKA OTPUMAaHHUX JiarpaM HOBTOPH-
Ja KOHTYpH IIOBEPXHEBOIro nmoukopkeHHs. Ha one-
pKaHUX Jiarpamax TakoX (IKCyeTbCsi HasBHICTD
CEeKIi 3 JIOKAIbHUMH KOHIEHTPOBAHUMHU BiJIXH-
JICHHSIMH BiJ] 3arajibHOTO PO3IO/Iy EMHOCTI Y KOH-
KpEeTHOMY [ialla30Hi 4acToT y pasi riamboKoro mo-
LIKO/DKEHHS 3pa3KiB.

KnrwouoBi cxoBal mepBUHHI XiMiYHI JpKepera
CTPyMy, €IEKTPO/IN, MEXaHIYHe pyHHYBaHHS, CIICKT-
POCKOIIisS IMIENAaHCy, JUCIEPCiS EMHOCTI.

OBHAPYXEHUE MEXAHUYECKUX IIOBPE-
KIEHUI TIEPBUYHBIX Zn-MnO, XUMUYE-
CKMX HUCTOYHHUKOB TOKA CIEKTPOCKO-
[UEN SJIEKTPOXMMUYECKOI'O UMIIEJIAHCA

0.J1.Psi6okons’, A.B.Boitayk?, E.JIIlepumna’
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[IpoBeneHo wccrnegoBaHUE MEXaHHYECKH I10-
BPEKACHHBIX DJICKTPOJIOB MEPBUYHBIX XUMHUECKHX
HCTOYHMKOB TOKA C HCHOJIb30BAHHEM CIEKTPOCKO-
UM 3JCKTPOXUMUYECKOTO HMMIIENaHCa, CKaHHPYIO-
el SNEeKTPOHHOH MHKPOCKONMHMU W 3IIEMEHTHOTO
aHaNM3a MOBEPXHOCTH. DKCIEPHUMEHTAIBHO JJOKa3a-
HO, YTO U3MEHEHHE CpeTHEeH eMKOCTH Pa3pyIIeHHBIX
3NIEKTPOIOB BO BpEMEHH ABIseTCs (YHKLIUEH He
TOJIBKO T€OMETPHU MOBEPXHOCTH, HO U €€ KOMIIO-
HEHTHOTO cocTaBa. HalizeHa Koppemsauus MexAy
MUKpodoTorpadusIMH MOBEPXHOCTH U TPOWHBIMHU
KOHTYPHBIMH JHarpaMMaMH CKOPOCTH HW3MEHEHHS
€MKOCTH, IUCTIEPCUH EMKOCTH M YaCTOTHI.

KniouyeBb € cJ0Ba: NepBUYHBIH XUMUYe-
CKMIl HCTOYHHUK TOKA, DJIEKTPOJbI, MEXaHHYECKOe
MOBPEXKICHUE, CIEKTPOCKONMS HMIIEIaHCa, JIHC-
Mepcust €MKOCTH.
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MertongoM necopOIiiiHoi Mac-CIIeKTpOMEeTpil AOCTIIKeHO OKWUCHEHHsS 13 crupTiB Ha Kara-
mizaropi CeO,/Al,0;. BcraHOBICHO JTiHIHHY KOpENSIiI0 MDK CHEPri€l0 akThBamii peakii i
XIMIYHAM 3CyBOM O (R®COH) E,= 183 — 1.48 (x/Ix/mous). Iloka3aHO, IO 3IATHICTH CIup-
TIB JI0 OKUCHEHHS 3MCHINYETHCS 3 MiJBUICHHAM EIEKTPOHHOI TYCTHHH Ha aTOMaX BYIJICIIO
y CIHPTOBUX Tpylax B HACTYNHOMY MOpPSAKY: 1-peHineTaHON = TiIpOoKCHAleTOH ~ IUKJIOTreK-
CaHOJ > aJIOBUH CIIUPT =~ 2-0yTaHOJ = j-0yTaHOJ =~ {-IPOMAHOJ > METOKCHIIPOIAHON-2 = H-
MPOIAHOJ ~ H-OyTaHOJ ~ OCH3WIOBHH CIIUPT ~ €TaHOJ >> MeTaHoJ. Ha mpukiami eraHomy
0OTOBOPIOETHCS cxeMa OKHCHeHHs cnupTiB Ha CeO, 3 MpHeAHAHHSIM aTOMApHOTO KHCHIO TI0
3B’s13ky C—H cniupToBOi rpynu 3 MpOMiKHUM yTBOPEHHSM Tif[paTy aneTaiblerTiay.

KmnmoagoBi cxaoBa Ce-BMICHI Karami3aTopu, OKUCHEHHS CIIMPTiB, TeMIIEPaTypHO-

MPOTpaMoBaHi peaxiii.

BCTVII. TlapuiansHe OKHCHEHHSI OpraHi-
YHUX CIIOJIYK, 30KpeMa CIUPTIB, BIAHOCUTHCS JI0
TUMOBUX MPOLECIB OPraHIYHOrO CHUHTE3Yy 1 M-
pOKO 3acTtocoByeThcsi Ha mpaktuii [1]. Cepen
YUCIICHHUX KaTaji3aTopiB OKUCHEHHS MOXKHA BijI-
MITHUTH JI0KCHJ LEPit0, OCOOJIMBICTIO SIKOTO €
3[IATHICTH BiJIHOBIIOBATUCH MPH MiJBHUIIECHUX TEM-
nepatypax 10 Ce;Os, reHepyrour akTUBHUM K-
CeHb, 1 peokucitoBaTHCh 0 CeO7 3a 000pOTHOIO
peakitiero [2-4]:

2Ce0;y « Ce03 + 1/20.,.

Tobro CeO; 3abe3reuye OKHMCHEHHS Pi3-
HUX CIOJYK 3a MexaHi3MoM Mapca—KpeseneHa.
3aBAsIKH €MHOCTI 110 aKTUBHOMY KHCHIO «OXY-
gen storage capacity» J1OKCHJ IIEpII0 TOCUTH I~
POKO BHKOPHCTOBYIOTh y NMPAKTHYHOMY KaTalli-
31 MepeBaxHO K CTaOlIbHUI, BUCOKOTEMIIEpa-

TYpHUI KOMITOHEHT KOHBEKTOPIB 3HEIIKO/KEH-
© B.B. bneit. AM. Munin. 2019
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HSl aBTOMOOLTbHAX BHKHIIB, KATATi3aTOPIB y MPO-
1ecax MapoBoi KOHBepcii BYITIEBOAHIB Ta pe-
aKkuii BOJSHOTO 3CYBY, B €KOJOTIYHOMY KaTaui3i
JUIS OKMUCHEHHSI TOKCUYHUX BUKUJIB, 4 TAKOXK SIK
KOM-TIOHEHT €JIGKTPOJIHUX MaTepialliB AJis TOI-
JUBHUX KOMipok [2—4]. PaHime Hamu mokazaHo
[5], mo Hanecenuit kartamizatop CeO,/Al,O3 3a-
Oe3mneuye CeleKTUBHE OKMCHEHHS TIiIepUH-eTa-
HOJIBHOI cymimn B eTun jakrar. Mera 1ii€i po-
00TH — 3HAXOJHKEHHS KOPEIALii MiXK 3JaTHICTIO
psily CIUPTIB J0 IX OKMCHEHHS Ha KaTali3aTopi
CeO,/Al,03 i XiMiYHUM 3CYBOM O (R13COH).
EKCIIEPUMEHT I OBI'OBOPEHHA
PE3YVJIPTATIB. 1ns nocsirHeHHsI MeTH OyJIo 3a-
CTOCOBAaHO MeTOJ AecopOliifHOT Mac-CHeKTpo-
MeTpii, sikuit 1o3Bossie Bu3HaunuTH 3 TIIP-criekt-
piB TeMIepaTypy MakCUMaJIbHOI MIBUAKOCTI pe-
akmii 7y, 1 po3paxyBaTH €HEprito akTuBalii F,
peakiii. Mu gocniguiu okucHeHHs 13 ciupTis
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Ha IEePIHOKCUIHOMY KaTajli3aTopi B yMOBax Jii-
HIAHHOTO IiIBUIIEHHS TEMIIEPaTypH 3 Mac-CIeK-
TPOMETPUYHUM KOHTPOJIEM TPOIYKTIB peaKIii
32 METOJMKOI0, OJIN3BKOIO JI0 OMUCAHOI B POOOTI
[6]. TIIP-tipodisi yTBOpEeHHS anbAeriiiB abo Ke-
TOHIB 3 aJIcCOPOOBAHMX HA KaTalli3aTopi CIHPTIB
OyJi0 oJlep)KaHO Ha MOJICPHI30BaHOMY MOHOIIO-
npHOMY Mac-criektpomerpi MX-7304A (Ykpa-
ina). [Tonepennpo 3pa3ok karamizaropa (4—6 mr)
y KBapIoBiil kroBeTi BakyymyBaiau mpu 100 °C,
OXOJIO/DKYBAJIM JI0 KIMHATHOI TeMmmepaTypu i
MPOBOAMIIN ajicopOItito ciupty. Jlami, micns Ba-
KYyMYBaHHS HAQJJIAIIKY CITHPTY, PEECTPYBAIU
TIIP-nipoii MpOAYKTIB OKUCHEHHS CIIUPTY MPHU
IIBUAKOCTI CKaHyBaHHS 2 a.0.M./C 1 MIBHIKOCTI
HarpiBy 3paska 15 °C/xB. 3a3Buuail gecopOrriii-
HY Mac-CIEKTPOMETPII0 3aCTOCOBYIOTh JIJISl JIOC-
J/DKEHHST MOHOMOJICKYJISIPHUX PEaKIliid, HarpH-
KJIaJI, PO3KJIaJy TECTOBOI MOJICKYIH |-OyTHH-2-
METHJI-2-0JTy Ha alleTOH 1 aleTHJIeH Ha OCHOB-
HUX IIGHTpax KaTaji3aropa 4YH JeripyBaHHS
CIHPTIB Ha MiIbBMICHOMY KartaiizaTopi [6]. B
JAHOMY BHUIIAJKy MU BHUBYAIM OIMOJEKYISpHIi
peakiii OKMCHEHHS CIHPTIB, 1 caMe BUJIUICHHS
kucHIo 3 rpatku CeO; 3a0e3nedye MOMXKIUBICTh
nepediry 1ux peakiiiii Ta, BIAMOBIIHO, pEECTpa-
if0 iX MPOAYKTIB METOJIOM Mac-CIIEKTPOMETii.
Crnin 3a3HayuTH, MO JKOBTUM KOJIIp KaTali3a-
topa CeO,/Al,O3 micnst  TIIP-ekcriepumeHTy 3Mi-
HIOBAaBCSl Ha KOPUYHEBUH, IO € XapaKTepHUM
mist Cey03. B excepuMeHTax 3acTOCOBYBAIU
CIUPTU — €TaHOJ, METAHOJI, H-TIPOTAaHO, i-TIPO-
MaHoJI, H-0yTaHoJ, i-OyTaHON Mapku X.4., 2-0y-
tanon (Sigma-Aldrich, >99 %), nuknorekca-Hoi,
1-¢enineranon, METOKCUIPONAHOA-2, OEH3UIIO-
BUW CIUPT, amiIOBUNA COUPT MAapKU X.4., TiJl-
pokcuarieton (ABCR Gmbh & Co., Karlsruhe,
95 %). InenTudikanito yTBOPEeHUX albJETiliB i
KETOHIB 3/1ICHIOBAJIU 3a 1X XapaKTepHUMH 10Ha-
mu y BignoBigaux TIIP- mac-cmekTpax, a came
eraHo’ (M/e = 31 ta 45) — aueranperiz (29, 44),
n-miporranon (31) — mpomanans (29, 58), i30-
npomnano (45) — anetoH (43, 58) Ta mpormiieH

(41, 42), rinpokcuarnieTon (43) — miBypans (43,
29, 45), n-6yranon (31, 56) — Oyranans (44, 43),
i300ytanon (43) — 2-metunnponanans (43, 41,
72), 2-6yranon (45) — 2-0yranon (43, 72), meTt-
okcurpomnanon-2 (45) — wmerokcuarieron (45,
43), uumkimorekcanon (57) — MHMKIOr€KCaHOH
(55), 1-denineranon (79, 107) — aunerodenon
(105, 77), 6ensunosuii ciiupt (79, 108) — Gens-
anpaerin (77, 106).

3paszok karamizaropa CeO,/Al,033 10 %
Mmac. BMictoM CeO; OyJ10 CHHTE30BaHO 3a JIeTa-
JBHO OMHCaHOI0 Yy poboTi [5] MeTomukoro. Bix
XapaKTePU3Y€EThCsl HACTYITHIMHU TEKCTYPHUMH Ta-
pameTpamu: nuToMa rnosepxHs — 240 Mor (BET);
sarabHUil 06°eM mop — 0.68 cM>/r, pamiyc mop
(BJH) — 2.9 um, cepenniit pagiyc nop — 3.7 HM.
3a manumu PDA, Ha moBepxHiI LBOro KaTali-
3aropa 3 BmictoM CeO;, y 10 % mac. He crocrte-
piraeTbCcsi yTBOPEHHSI TETParoHaJbHOI KpHCTa-
nignoi ¢azu CeOy.

Ha puc. 1 naBeneno TIIP-cnexTpu okuc-
HEHHS Py JOCITIKYBaHUX CIIUPTIB 32 y4acTIO
kucHio kataiizatopa CeO,/Al,O3, sxi cBig4arh
Ipo Te, II0 TPOIEC OKUCHEHHS [UISl PI3HUX CIIUpP-
TiB MPOXOAHUTH y JOCHTH IIUPOKOMY TeMIIepa-
TypHOMY inTepBani Bix 130 xo 280 °C. Tax, Ha-
MpHUKJIaa, MK YyTBOPEHHs (popMalblerinty 3 aj-
copOOBaHOTO Ha KaTali3aTOPl METAHOIY CIIOCTe-
piraerscs mpu 280 °c (puc. 1, a), a niku yTBO-
pPEHHS METWITIIOKCATIO 1 BOIU 3 afcopOOBaHO-
ro rigpokcuanerony — mpu 135 °C (puc. 1, 2).
Temnepatypa MmakcumymMma (7y) MiKiB yTBOPEHHS
anpreriaiB abo ketoHiB y TIIP-criektpax mn0o3Bo-
JIsi€ OLIHUTH €HEeprilo aKTHUBallli peakiii mo pis-
usauuio E, = 25RTn,, nme T B K [7], i Takum
YMHOM BiJ0Opakae 3JaTHICTb CIIUPTIB JI0 OKHC-
HeHHs. Po3paxosani 3 TIIP-ciekTpiB 3HaueHHS
FE, Ta 3HaveHHs o (R13COH) JUTSL CIUPTIB, B3SITI 3
BiIOMO1 0a3u CHeKTpaJdbHHUX JaHUX (WWW.aist.
£0.Jp), HaBelIeHO B Tabmnuill. AHali3 ofep>KaHUuX
TIIP-criekTpiB CBITUMTH, IO 3JATHICTH CIUPTIB
no okucHeHHs Ha katamizatopi CeO,/Al,O3
3HWXKYETbCS B HACTYMHOMY MHOpSAKY: l-genin
-€TaHOoJ ~ T1JIPOKCUAIIETOH ~ IIUKJIOT€KCaHO >
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Puc. 1. TIIP-ipodini okucHenns criuptiB Ha CeO,/Al,O3: @ — metanon (1) go hopmansaeriay (2);
6 — etanoi (3) no aneransaeriay (4, 5); ¢ — nukiorekcaro (6) 1o rukiIorekcanony (7);
2 — rigpokcuare-ton (8) mo mermirmiokcanio (8,9, 3).
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Puc. 2. Kopessiis Mixk eHeprier0 akTHBaIii jae-
rigpyBaHHs crnupTiB Ha Katajiizatopi CeO,/

Al,O; i ximiunnm 3cyBom & (RYOH): 1 — me- 100 +
TaHOJI, 2 — €TaHOJ, 3 — H-TIPOnaHoi, 4 — j-1po-
na”on, 5 — aminoBuid crmpt, 6 — TiAPOK-
CHALIETOH, / — METOKCUIIPONaHoa-2, 8 — u-0y- a0 4

taHois, 9 — i-Oyranon, 10 — 2-Gyranon, 11 —
LUKJIOTeKCcaHoJ1, 12 — OeH3wIoBHiA crupT, 13 —
1-denineranon.
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Temnepatypn MakcHMaJbHOI IIBHAKOCTI i eHeprii akTuBanii peakuiii OKNMCHEHHS CHUPTIB Ha
karagizaropi CeO,/Al,O; Ta 3HavYeHHs XiMiYHHX 3CyBiB O (R13COH)

Crapr, 5 °C T °C E., x/lx/Monb 8 (R®COH), m.u.
Metanon CH;OH 280 115.2 50
Eranon CH3CH20H 215 100.7 58
18 58
n-Ilponanon CH3;CH,CH,OH 190 96.5 64
10 26 64
i-Ilpormanon CH;CH(OH)CH3 165 91.3 64
25 64
AmninmoBui CITUPT CHZZCHCHQOH 160 90.2 64
115 138 64
INppokcuaneron CH3;COCH,OH 135 85.0 69
25 208 69
Mertokcumpomnanon-2 CH;OCH,CH(OH)CHj3; 185 95.4 66
59 79 66 18
#-byranon CH3CH,CH,CH,OH 200 98.5 62
14 19 35 62
i-ByTaHOJ'I (CH3)2CHCH20H 165 91.3 69
19 31 69
2-byranon CH;CH(OH)CH,CH,OH
23 69 32 10 160 90.2 69
ukorexcaHomn 135 85.0 70
bensunosuii cimpt PhCH,OH
65 200 98.5 65
1 CDGHIJ'IeTaHOJ'Ingg(P;]())CHOH 130 84.0 70

aNIOBUI crupT = 2-0yTaHoN < i-OyTaHON < i-
MPOMAaHONl > METOKCHUIIPOMAHON-2 =~ H-MpoIla-
HONl = H-OyTaHON =~ OEH3WJIOBUH CIUPT = eTa-
HOJI >> METaHOJ. 3aJIEXHICTh MK 3JaTHICTIO
CIUPTIB 10 OKUCHEHHS 1 XIMIYHUM 3CYBOM O
(R¥®COH) B koopamHarax E,—& mpeacrasiie-
HO Ha puC. 2. 3 pUCYHKY BHUJHO, 1110 €HEepris ak-
TUBALi] peakiii OKUCHEHHs CIUPTY JIHIHHO 3HU-
xyetbest (E; = 183-1.4) 3 miaBHUIEHHSM 3Ha-
gens & (RPCOH).

BiamoBigHo, MakcMMaibHa IIBUIKICTH OKH-
CHEHHs, Hampukian, meranony (50 m.4.) cro-
ctrepiraetbes npu 280 °C, eranony (58 m.u.) mpu
215 °C, a arerony (69 m.u.) mpu 135 °C (tab-
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auis, puc. 1). Jlobpe BigoMo, 1110 XIMIYHUHN 3CYyB
Ha sapax “C BifoOpaxae eIEKTPOHHY I'yCTHHY
Ha aToMax BYIJICIIO, a OUIbIl 3HAYEHHS O BiJ-
TOBIZIAIOTh HU3BKOIOJILOBUM curHaiiam [8]. Lle
O3HayYae, 110 Ha aTOMI BYTJIELO CIUPTOBOI Ipy-
M, HATPUKIA[, IukiIorekcadony (70 m.4.) erne-
KTpPOHHA T'YCTHHA € HIDKYOI0, HDK Ha BIJMOBIJI-
HOMY aToMmi ByrJemto B eraHoumi (58 m.4.). ToOTo
3IaTHICTh CIUPTIB /70 OKUCHEHHS aTOMapHUM
KHCHEM MOJKHA IIOB’S13aTH 3 1X MO3UTHUBHUM 3a-
pSIOM Ha aTOMi BYIJICHIO TiIPOKCHIIBHOI Tpy-
I, SIKKA aTaKyeTbCs aTOMapHUM KHUCHEM. Yum
OUTBIIMI MO3UTUBHUN 3aps],, TUM MEHIIa €Hep-
ris akTUBAIll peakiii OKUCHEHHS.
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Sk BKe BiJ3HAYAIOCh, KaTaJiTHYHA aK-
THUBHICTh JIOKCHTY IIEpir0 TTOB’s13aHa 3 HOTO 3/1a-
THiCTIO TeHepyBaTH aroMapHuii kucenb [2Ce*,
071 — [2Ce™, Vo] + 1/20, [9]. Hani aromap-
Huii kuceHb atakye RCOH -rpyny B monekysi
a71copOOBAaHOTO CHHUPTY 3 MPOMIXHUM YTBOpPEH-
HsM HectabuteHOTO Tipaty RC(OH),, skuit Big-
HICTUTFOE BOJAY 3 YTBOPEHHSM ajbleriny (Kero-
Hy). Ha mpuknani eranomy cxemy OKHCHEHHS
MOYKHA TIPEJICTABUTH TaK:

CHa CHy Chy
H.l . H., | |
'l TR H
i E}i H
[
el CEEI!_T}

BUCHOBKH. Taxkum uMHOM, IIOKa3aHo,
[0 3JaTHICTh CIHPTIB JI0 OKUCHEHHS aromap-
HUM KHCHEM KOPENIIOE 3 EJIEKTPOHHOIO TyCTH-
HOIO Ha aTOMax BYTJICII0 CIIUPTOBOI IPYyIH, TOO-
TO XIMIYHUM 3CYBOM O (R13COH). Yum MeHia
SJICKTPOHHA TYCTHHA, THM MCHIIIA CHEPTis aKTH-
BaIlii peakilii OKUCHEHHsS. 3HaiieHa KOpessiis
E, — & (R®*COH), six i xopemsiuist E,—& (R*OH)
[6], € koprCcHOIO B TOMY CEHCI, 110 JI03BOJISIE OIIi-
HUTHU 3JIaTHICTh CHUPTIB J0 OKUCHEHHS 1, BiJl-
MOBIJHO, JI0 JETIAPYBaHH, Ta TEMIIEPATYpHI 1H-
TEPBAIA [HUX TIPOIIECIB, BUKOPUCTOBYIOUHU JOC-
TYIHI 3HAY€HHS XIMIYHUX 3CYBIB Ha sIpax B¢,

OKUCJIEHUE CIIMPTOB HA LEPUI-OK-
CUJIHOM KATAJIM3ATOPE: KOPPEJISILIUS
MEXJY SHEPIMEN AKTUBALIMM PEAK-
LU U XUMUYECKMM CJIBUT'OM & (RPCOH)

B.B. bpeii*, A.H. Mbuua

Hucmumym copbyuu u npobrem 3HO03KOI02UU
HAH Yxpaunw, ya. I'enepana Haymosa, 13, Kues,
03164, Vkpauna

*e-mail: brei@ukr.net
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MeronoM JIecOpOIMOHHON Macc-CIIEKTPO-
METPHUH HCCJICIOBAHO OKHCJICHHWE 13 CIuUpTOB Ha
karanuzatope CeO,/Al,O;. YcranosneHa nuHeitHas
KOPPEJSIHAS MEXKIy dHEpruell aKTHBAIMHA PEaKIInu
¥ xuMmaecknM casurom & (R™COH) E, = 183 — 1.48
(xdx/moib). IlokazaHo, 4TO CIIOCOOHOCTH CITMPTOB
K OKHCJICHUIO YMEHBILIAECTCS C IMOBBIILICHHEM 3JICK-
TPOHHOW IUTOTHOCTH Ha aTOMax yriepojia B CIHp-
TOBBIX TpyHmax B clexymoomeM nopsake: 1-de-
HWIATAHON ~ THAPOKCHALETOH ~ IUKJIOTEKCAHON >
AUTWIOBUN CHUPT =~ 2-OyraHonm =~ j-OyTaHom = i-
MIPOTIAHON > METOKCHUIPOITAHON-2 = H-TIPOTIaHON ~
H-OyTaHON =~ OEH3WJIOBBIH CIUPT ~ STAHONI >> Me-
tTaHon. Ha mnpumepe sTaHona oOcyKIaercss cxe-
Ma okucieHus cnuptoB Ha CeO, ¢ mpUCOEAUHEHU-
eM aTtoMapHoro kuciopona mo cessu C—H crup-
TOBOHM TPYMNIBI C MPOMEKYTOYHBIM 00pa3oBaHHEM
THpaTa aneTalbIeTHaa.

KnwouueBs e cao B a Ce-comepxaiiue
KaTaJln3aTopbl, OKKCICHUE CIIUPTOB, TEMIEPATYPHO-
[IPOrpaMMHUPOBaHHAS PEaKLIHSL.

OXIDATION OF ALCOHOLS OVER CERI-
UM-OXIDE CATALYST: CORRELATION BET-
WEEN THE ACTIVATION ENERGY OF THE
REACTION AND THE CHEMICAL SHIFT
§ (R COH)

V.V.Brei*, A.M.Mylin

Institute for Sorption and Endoecology Problems,
National Academy of Science of Ukraine,

13 General Naumov Str., Kyiv, 03164, Ukraine
*e-mail: brei@ukr.net

The oxidation of thirteen alcohols over sup-
ported CeO,/Al,O; catalyst with 10 wt.% of CeO,
have been studied using a desorption mass-spec-
trometry technique. A catalyst sample 4-6 mg in
quartz cuvette was evacuated at 100 °C, cooled to
room temperature, and then adsorption of a alco-
hol was provided. After vacuumation of alcohol
excess, the TPR profiles of products of alcohol
oxidation were recorded at sweep rate 2 a.u.m./sec
and heating rate of 15 °C/min using MX-7304A
monopole mass- spectrometer. lIdentification of
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formed aldehydes and ketones was provided on the
bases of their characteristic ions in obtained mass-
spectra, namely, acetaldehyde (m/e = 29, 44); pro-
panal (29, 58); acetone (43, 58); butanal (44, 43);
methyl propanal (43, 41, 72), 2-butanon (43, 72);
methoxyacetone (45, 43); cyclohexanone (55); ace-
tophenone (105, 77); benzaldehyde (77, 106). It was
shown that the oxidation of several alcohols pro-
ceeds in a wide temperature interval from 130 to 280
°C. So, peak of formaldehyde formation from me-
thanol adsorbed on CeO,/Al,O; is observed at 280
%C whereas peaks of methyl glyoxal and water
formation from adsorbed hydroxyacetone are re-
corded at 135 ° C. The linear correlation between
activation energy of reaction and chemical shift &
(R™COH) of studied alcohols was found as E,= 183
—-1.45 (kJ/mol). Respectively, the maximum oxi-
dation rate, for instance, for methanol (50 ppm) is
observed at 280 °C, for ethanol (58 ppm) at 215 °C,
for n-butanol (62 ppm) at 200 °C, for n-propanol
(64 ppm) at 190 °C, for 2-butanol (69 ppm) at 160
oC, for hydroxyacetone (69 ppm) at 135 °C, and for
1-phenylethanol (70 ppm) at 130 °C. Thus, ability
of alcohols to oxidation decreases with increase
of their electronic density on carbon atom of alcohol
group in following order: 1-phenyl ethanol ~ hyd-
roxyacetone =~ cyclohexanol > allyl alcohol ~ 2-bu-
anol =~ i-butanol = i-propanol > methoxypropanol-2
~ n-propanol = n-butanol = benzyl alcohol = ethanol
>> methanol. On an example of ethanol, the scheme
of alcohol oxidation on ceria that assumes the
addition of atomic oxygen to C-H bond of alcoho-
lic group with intermediate acetaldehyde hydrate
formation is discussed.

Keywords: Ce-containing catalysts, oxidation
of alcohols, temperature -programmed reaction.
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KPUCTAJIIYHA BYJOBA I TAYTOMEPISI Y PO3YMHAX

AJIKIJIAMIHO-B-KETO€E€HOJIB**
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Metonamu PCA, I4-, [IMP-cniektpockomii Ta XpoMaTo-Mac-CIIeKTPOMETpii TociikeHo Oy-
JOBY aJKiIaMiHO-[-KETOEHONIB, Oep)KaHUX LUIIXOM PO3MHKAHHS MipaHOBOIO ILIMKIY Xai-
KOHIB Ha OCHOBI JETi/IparieToBOi KUCIOTH. BeTanoBmeHno crabimizariito miaHapHoi KoHGIrypa-
1ii B-KEeTOEHONMBHOTO (parMEeHTy BOAHEBHUMH 3B'SI3KaMH MK TiJPOKCH- 1 KETOTPYIOIO Ta aMi-
HO- 1 KETOrpymor B KpucTamiyHOMy cTaHi. 3a manumu [IMP- Ta xpomaTo-mac-criekTpomer-
pii y po3uMHAxX AaHi CIOJNYKH iCHYIOTH y AEKITBKOX CTaOiIbHUX 130MepHHUX PopMax.

KnmoduoBi cmoBa: geriapaneroBa KUCIOTA, XaJIKOHH, aJKiIaMiHO-[-KETOEHOIH.

BCTVII. JlerinpaneroBa kucioTa (3-are-
THI-4-TiApoKCcH-6-MeTiiI-2H-mipan-2-0H) € 1ika-
BUM O0’€KTOM KOOPJWHAIIMHOI Ta OpraHivyHOT
ximii. BiloMi KOMIUIEKCH IETipamneToBoi KHC-
JIOTH 3 10HAMH TIEPEXiTHUX Ta IHIIUX MeTajiB [1
—6], 3 ¢TanomianiHaTaMU IUPKOHIIO Ta TapHIIO
[7]. Bona 3ampornoHoBaHa SIK KOMILJIEKCOYTBO-
proBad B aHAJITHYHIN XiMil U1 BU3HAYEHHS 10-
HIB Miji, aimoMmiHito 1 6epwriro [8,9]. AHenboBa-
HUI aHaJOr JIeripaneToBOi KUCIOTH — 3-alle-
THT-4-T1IPOKCIKYMapyH 3alpoIOHOBAHO IS BH-
3HaveHHs i0HiB THTaHy (IV), nepito (IV) Ta in.
[9-12]. EnexTponHy OyI0BY KOMILIEKCIB Tepe-
XiTHIX METAJIB 3 JIETiJPAIleTOBOIO KHCIOTOIO JI0-
CIpKEHO B poooTi [13]. YTBOpeHHS XenaTHUX KOM-
TUIEKCIB 3 10HAMU IIUHKY, KaJIMil0 Ta MapTaHIo
(IT), B skMX aToM MeTaly KOOPJIWMHOBAHHUI Yepes3
3-aleTUIIbHY 1 4-OKCUTPYIH JIET1IpaleTOBOT KH-

ciotu, miaTeepmkeno ganumu PCA [1,3]. Jeri-
JpalieToBa KUCIOTA € MOXIHUM O-TIPOHY 1 MO-
K€ ICHYBaTH y BHIJIAJI YOTHPHOX TAyTOMEPHHX
dbopM SIK 3 BHYTPIIIHbOMOJIEKYJISIPHUM BOJTHE-
BHM 3B'SI3KOM, Tak 1 6e3 [14]. 3aBasku Taxiii Oy-
JIOBI BOHA BCTYIIA€ B JICCATKH PEaKIliii 3 yTBO-
PEHHSM PI3HOMaHITHUX KiaciB pedoBwH [15]. [le-
K1 3 TIUX KJIACIB CIIOJYK MICTSITh Y CBOEMY CKJIa-
Jli B-KeTOEHOJBHI Ta iHII (DYHKITIOHAIBHI TPYTIH,
SKI MOKYTb TPUBEPHYTH yBary (¢axiBLiB 3 He-
opraHiyHO1 Ximil gk giraaau [16—19] (puc. 1).
Hanpuknan, B3aeMoist JeTiApaneToBoi KUCIOTH
3 aMiHaM¥ Ta TiIpa3uIaMH KUCIIOT PUBOUTH 0
yrBOpeHHs1 ocHOB Illuda [20-23], a 3 rigpasu-
HaMH, B 3aJISKHOCTI BiJI YMOB, 710 OiIbIN CKIIaJI-
HUX TpoAyKTiB [24]. KoHmeHcarltis nerijapamnero-
BOI KHUCIIOTH 3 apOMaTHYHUMH ajbJeTilaMH 3a
peakiiero KneBeHaremnst mpuBOIUTh O YTBOPEH-

** Po6oTy BHKOHAHO 3a (hiHAHCOBOI MiATPUMKH IIILOBOI MporpaMu HaykoBux pociimkers HAH Ykpa-
inn «HoBi (yHKUIiOHATBHI PEYOBMHHM 1 MaTepiajay XiMIYHOrO BHPOOHHMLTBa», foroBip Ne 17-19 ta H2020-

MSCA-RISE-2014-RISE-645628 METCOPH.
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Hs BiAMOBiAHMX XankoHiB [15, 18, 25-27]. Ile
3a0apBiIeHI pEYOBUHH, SIKi POPMYIOTH KOMILIEK-
cu 3 metanamu [28, 29]. Ilpu B3aemoii xanko-
HIB 3 ajiaTUYHUMU aMiHaMU BiJJOYBa€ThCS pO3-
MHUKaHHs [IPaHOBOI'O LIUKITY 31 30epeXeHHAM [3-
KETOEHOJBHOTO Ta XpOMO(OPHOTO (hparMeHTiB i
YTBOPEHHS BIANOBITHUX aJIK1IaMiHO-[3-KETOEHO-
miB (puc. 2). IcHye HeBeslnKa KiIbKICTh poOiT, B
SIKUX OINKUCAHO Taki crionykwu [14, 31, 32].
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Puc. 1. Ilpukmagy croiaykK, OTPEMAHUX 3 JeTiapare-
TOBOT KHUCJIOTH, 3/TATHUX /IO KOMIUICKCOYTBOPCHHS.
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Puc. 2. Cxema cuHTE3y amnKigamiHO-[B-KETOEHOIIIB.

CuHTe3 alKiIaMiHO-B-KETOEHONIB BiI0y-
BAETHCS TIPU B3a€MOIii MPOAYKTIB KOHJICHCAITT KO-
PUYHOTO a00 apOMATUYHUX AJIBJETIAIB 3 JIeTiapa-
IIETOBOIO KHCJIOTOKO (XQJKOHIB) Ta iX IMOJAIBIIION
B3a€EMO/Ii€I0 3 amipaTnuHMu aMiHamu (puc. 2).
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MexaHi3M 1i€i peakiii BUB4aBcs y pobo-
tax [31, 32]: BoHa BiAOyBa€eTHCS UYepe3 HYKIICO-
GinpHY aTaky 6-ByTJIeIeBOTO aToMa MipaHOBOTO
UKy XaJKOHY, IO BEJe 0 HOro po3MUKaHHS
Ta JeKapOOKCHITIOBaHHS. MU BHSIBHJIM, IO HA T1e-
pIIOMY eTari Ii€i peakilii B3aEMOIisl XaJIKOHIB 3
amiHamu (puc. 2) NpUBOAUTH 10 YTBOPEHHS Bij-
MOBIAHOI couti (Y BUMAIKy TPETOYTUIAMIHY peak-
1151 3yNUHAETHCS HA ik craxii). [Ipu HarpiBanHi
CUIb TUCOIIIOE 1 OJJHOYACHO aMiHOTpyIa aTa-Kye
aTOM BYTJICIIO METWIBHOI IPyNH B MipaHOBOMY
KUTBITI, IO BUKJIMKAE PO3MHUKAHHSI IIUKITY 3 HACTY-
THUM JeKapOokcrioBaHHsM [31, 32]. V Bunanky
N-aJIKiJIaMiHIB YTBOPEHHSI BIAMOBITHUX COJIEH, pO3-
KPUTTS KUIbILSL Ta JeKapOOKCUIIOBaHHs BiOyBa-
€TBCSI JIOCUTH JIETKO, aJie TIPOCTOPOBO YCKIIaIHEH1
NEePBUHHI aMiHM pearyroTh 3HAYHO TiplIe 1 BUMa-
raloTh OLIBII BUCOKOI TEMITEPATypH PeaKLii.

EKCIIEPUMEHT I O OBOPEHHA PE-
3VIIBTATIB. CtpyKTypHi (OpMysH ajKil-aMiHO-
. [}-KeTOEHOIB, MOCTIKCHUX Y
JaHii poOoTi, TpEeACTaBICHO
Ha pHUC. 2, IX METOAN CHUHTE3Y
omucaHo y poborax [31, 32].
il [Y-criektpu oxepkaHUX CIO-
JyK € TUIMOBUMHU s [-Ke-
TOEHOJIIB: B HUX MPUCYTHI CMY-
ru konuBanb OH-rpyn B 00-
nacti 3000 cM Y, BajeHTHHX
KOJIMBaHb KapOOHUIBHOI TPY-
m1 C=0, mo 3HaXOIUTHCI B
KOH forariii 3 MmojBIHUM BYT-
nenp-Byrienesum C=C-3B’s-
3KOM, TOOTO MICTSATh CMYTH T10-
TNIMHAHHS KONMBaHb, Xapak-
TEPHUX JUIS KETOEHOJbHUX
dopM [-TUKETOHIB.
BcranoBneno kpucraii-
yHy OynoBy (2Z,5Z,7E,9E)-6-rimpokcu-
2-(metunamino)-10-peninneka-2,5,7,9- TerpaeH-
4-ony (puc. 3, 1) Ta mpoBeneHO 1i MOPIBHSIBHUN
aHaji3 3 paHille OMMCAHUMHU HAMU CTPYKTypamu
(2E,5Z,7E)-6-rinpokcu-2-(2-MeTOKCH-E THIaMi-
HO)-8-(deninokra-2,5,7-Tpuen-4-ony Ta mpoBe-

K (H
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Kpucmaniuna 6yoosa i maymomepis y po3uuHax aixkiiamino-f-KemocHoie
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L
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Puc. 3. Kpucraniuaa OymoBa ankizamiHo-f-KeTo-
enmoms 1, 11, Ta 12.

JIEHO 11 TMOPIBHSJIBHHUMA aHAJ3 3 paHilIe Omuca-
HUMH HamH CTpykrypamu 2E,5Z,7E)-2-(6en-
3UJIaMiHO)-6-Tigpokcu-8-(4-npomnokcudeHin)-
okrta-2,5,7-tpuen-4-ony (puc. 3, 11, 12 Bignosi-
nHO 1 1adm. 1) [32].

Taonuums 1

BciTpu cronmyku KpuCTalli3yloThes Y BU-
TJISTI JKOBTUX TUTACTUH B MOHOKITIHHINA KpHCTA -
JiuHii cucteMi (mpocropoBa rpyma P21/n), Bo-
HU MAalOTh [UTAHAPHE PO3TAITYBaHHS MOJIIEHOBOTO
JaHIora Ta GpparMeHty B-KeToeHoIy, 10 KOH'I0-
TOBaHMH 3 apOMaTHYHUM KiiblieM. [lnanapHa KoH-
¢iryparisi -KeTOEHOIBHOI IPYIH TaKOX CTaOi-
J3Y€EThCS BOJHEBUMHU 3B'SI3KAMU MK T1IPOKCH-
1 KerorpynaMu. AHaJOTiYHO, BOJTHEBUH 3B’S30K
ICHY€ MDK aMiHO- 1 KETOTPYTIOrO

Hageneni B Tabm. 1 maHi H03BOJNSIOTH 3pO-
OUTH BUCHOBOK, IO JIOBXKMHA IOJIMETHUHOBOTO
JIAHITIOTA, TIPUPOJA 3aMICHUKIB B apOMAaTUYHIN Ta
amidaTHYHIi YaCTHHI MOJICKYJIM CYyTTEBO HE BILIH-
BAIOTh HAa PO3MIPH Ta TEOMETPII0 aIKiIaMiHO-[3-
KeTtoeHoJsiTHOrO  (pparmenty. [Ipubnam3HO piBHI
IOBYKHHM 3B’SI3KIB, BIACTaHI MIXK aroMaMH Ta

OcHoBHi kpucTanorpadiyni mapamMerpu aakijiamiHo-B-KeTO€HOIB

Hywmepariist atomis CrpykrypHa dopmymna
R S o R Ph. =S, == Fh = = Bri
Y LR | TR | Qe
H1 H2 OH  LF Ilhul’ll
JloBxwuHa 3B’ 3Ky, A
O1-H1 0.820 0.97(3) 0.8198
N1-H2 0.860 0.86(3) 0.8607
01-Cl1 1.342(3) 1.348(2) 1.339(1)
02-C3 1.289(3) 1.289(2) 1.291(1)
N1-C5 1.332(3) 1.336(2) 1.338(1)
Bincranp mix atomamu, A
01-02 2.469(2) 2.506(2) 2.478(1)
N1-02 2.671(2) 2.681(2) 2.655(1)
H1-02 1.733 1.60(3) 1.7386
H2-02 2.007 2.00(3) 2.0057
Kytn, °
01-C1-C2 121.1(2) 121.4(2) 120.9(1)
C1-C2-C3 121.4(2) 122.1(2) 121.1(1)
C2-C3-02 118.2(2) 118.4(1) 118.99(9)
02-C3-C4 122.3(2) 122.1(2) 121.5(1)
C3-C4-C5 123.8(2) 124.4(2) 123.9(1)
N1-C5-C4 122.8(2) 122.2(2) 122.4(1)
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KyTH CBIIYaTh MPO T€, IO BCi Ili CIIONYKH MOXYTh
MaTd MOAIOHI XenaTyrodl BIACTHUBOCTI.

Binomo, mo P-keroeHonu (y JiTepaTypi yac-
TO BiJIOMI fIK [3-AUKETOHH, a00 B-AUKapOOHLIBHI
CHOJYKH) € KOH IOTOBAaHHUMHU CUCTEMaMHU, Y SKUX
BMICT €HOJIbHOI (hopMH AOCUTH BUCOKHM. Harpu-
KJaJ, aleTuIaleToH MIiCTUTh O0ym3bko 75-80 %
€HOJIBHOT (POpPMHU SIK Y YHCTIMl pEUOBHHI, TaK 1y
razoBiif ¢asi [33]. VY Bumaaky HeCUMETPUYHHX [3-
KETOEHOJIB MOXYTh iICHYBaTH JIBa CTPYKTYPHO 130-
MepHuX €Hoau. L1i kondopmartii cTadii3yrOThCS
BHYTPIIIHBOMOJICKYJIIPHUM BOJHEBHM 3B’SI3KOM,
mpoTe [3-KEeTOEHOJIM TaKOX MOXKYTh ICHYBaTH y
MEHIII CTabiIbHUX [UC- a00 TpaHC-KOH(popMaIli-
SIX BIJIHOCHO €HOJIBHOTO TOJBIMHOTO 3B’s3Ky. Ta-
Ka TMOBEIHKAa 3HAYHO YCKJIAIHIOE aHali3 LUX
CHOJYK y pO3UMHAX.

3a nanumu [IMP-cniekTpockomii oxepskaHi
HaMH CIIOJYKH B PO3YMHAX 3HAXOIATHCS Y Je-
KUTbKOX i30MepHHX (popmax. [IMP-ciektpu 1o-
CUTH CKJIQJIHI I iHTepHpeTamnii, OUIbIIicTh OC-
HOBHUX CUTHAJIIB MICTATh carenitu. Ha puc. 4
HaBesieHo criekTp [IMP ankinamiHo-B-keToeHoTy
5, caTemiTH CIOCTEPIraloThes K B aniaTuyHii,
TaK 1 B apOMaTUYHIN YacTUHAX CHEKTPY. Takox
BOHHU TIPHCYTHI B 00JIaCTi CHTHAaJIiB METHHOBUX
MIPOTOHIB B-KETOEHOIBLHOTO (pparMeHTy B Jiara-
30H1 4.5-5.5 m.4. (puc. 4, a). OcobIMBO HAOYHO
TayTOMEPHI ()OPMH CITOCTEPITatOTHCS Y CIAOKHUX
MOJISAX CIEKTPY, JI€ 3HAXOISATHCS CUTHAIM IPO-
toHiB OH ta NH-rpyn (puc. 4, 6). 3 anamnisy Bia-
HOIICHHS IHTETpalbHUX IHTEHCHBHOCTEH OCHO-
BHUX Ta CaTEJITHUX CUTHAJIIB MOKHA 3pOOUTH BU-
CHOBOK, III0 TayTOMEPHi ()OPMH Y pO3UHHIi ICHY-
I0Th Y CHiBBiAHOIIEHHI 6:13bK0 9 110 1.

Ha namy aymky, mi ¢gopmu y po3uuHi €
BHCOKOCTa0IbHIUMH, BOHH HE TIEPEXO/STh OJHA
B OJIHY. JIOKa30M LIbOTO € MPUCYTHICTh CaTeIIT-
Hux curHaiiB y [IMP-cniekTpax, 3anucanux y pi-
3HUX JIEHTEpOBAaHUX PO3UMHHUKAX (Ta0I. 2).

Ha puc. 5 naseneno IIMP-cniektpu B 00-
nacti curHaiiB npotoHiB OH- ta NH-rpym mms
ankinamino-f-keroenony 10. 3 mux crekTpiB Bu-
JTHO, 1110 Y TaKUX po34rHHUKAX, K JIMCO, 6en-

mEBE5 = - M I 0% E
~ =~ o we oo o=t ] e ——
i
(4 | i |
| e MU
,l AN A ,l .J LM JVWL A
o5 oh oo O O e = = E = S s
————— = = i i e i e
7 [ 5 3 2
z = 2 &
-OH [ -on NH ||-NH
I |
P - /! L, N
17 16 15 11 1

Puc. 4. TIMP-cnektp 5 B 00iacTi CHJIBHHX TIOJIB
(@), ta B obOnacti curnanieB OH-, NH-npoToHiB (6)
B JIMCO-ds (* catenmiTHi cUTHaH).

1;. . 1_'& T |i= T 11 T
Puc. 5. ®parmentu IIMP-criektpiB ankimamino-f3-
keroenony 10 B obnacti curnanis nporonis OH- Ta

NH-rpymt y 6ensomni (a), JMCO (6), xmopodopmi (6),
areToHi (2), Metanori (0), TPU(TOPOITTOBIi KUCIOTI (e).

3071, XJIOpoOpPM Ta aleTOH, AKiIaMiHO-[-KeTo-
eHost 10 3HaXOAUTHCS y BUTJISL IBOX TayTOMEp-
HUX (GopM. Y BuUmaaky meraHony curHanu OH-
ta NH-1ipoToHIB BiZICYTHI, a 111 TpUPTOPOITO-
BOT KHCIIOTH CIIOCTEPITaEThCS JIUIIE CUTHAI TPO-
tony NH-rpymu. Le cBiquuTh nipo Te, 1mo j1adiib-
Hi OH- ta NH-mporoHn 3HaxonmsiThcsi B 00OMi-
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TaObnunmsa 2

IlososkeHHs Ta iHTerpaibHi IHTEHCHBHOCTI CHTHAJIB NPOTOHIB
NH-Ta OH-rpyn aaxinamino-p-keroenonais y IIMP-cnexTpax B
pi3HHX aeliTepoBaHHX Po3uMHHHMKAX (G, M.4. (iHTerpajibHa

IHTEHCUBHICTB)

cur"anis nporonisB NH- ta OH-
rpyn JOCTIDKCHHUX aJIKiJlaMiHO-[3-
KETOEHOJIIB IMPAKTUYHO HE 3alle-
XKaTb BiJ IPUPOAM PO3YMHHUKA.
Ix iHTerpanbHi iHTEHCHBHOCTI Ja-

' ' IOTh CIHIBBIJHOIIECHHS TayTOMEpiB
No CDCls DMSO,' do : | CFCO,D Bix 7:3 y neiirepoxiopodopmi 10
NH | NH | NH | NH | NH 9:1 y JIMCO Ta CF5CO,D. Criip-
2 104(07) 150(0.8) 10.3(0.8) 15.1(0.5) 10.3(0.g)  PVAHOUICHHA IHTCIPATBHMX IHTCH-
10.9 (0.3) 10.7 (0.2) 10.7 (0.2) CHBHOCTCH I OKPEMHX PEUOBHH
o B o [IOKAa3y€ HU3bKY 3aJICKHICTh BiJ
3 104(09 149(08) npupoau po3zunHHUKa. Lle cBin-
10.9(0.1) YHUTh MPO HASIBHICTH JIOCHTH CHJIb-
109(0.2) 149(0.7) 10.7(0.1) 15.1(0.5) 10.7(0.1) BOJHEBUX 3B’3KiB Y MOJIEKYJII.
5 10.3(0.9) 15.2(0.9) CrocoBHO OynoBU TayTOMe-
10.7 (0.1) pHUX (OPM MOXKHA CKa3aTH HACTY-
6 10.4(0.8) 15.0(0.8) 10.3(0.9) 15.0(1.0) 10.3(0.9 MHe. AHaJl3 KOHCTAHT CITIH-CIIHO-
10.8 (0.2) 10.7 (0.1) 10.7 (0.1) BOT B3a€MOJII1 CHTHAJIIB MPOTOHIB
7 105(0.7) 15.0(0.8) 10.4(0.8) 15.1(0.6) 10.4(0.9 nojiMerrHoBoro jaxmrora (15-16
11.0 (0.3) 10.8 (0.2) 10.8 (0.1) Hz) cBimuuth mpo Te, 10 BiH 3Ha-
8 105(0.7) 15.0(0.7) 10.3(0.8) 15.2(0.5) 10.3(0.9) XOIUTHCS y TpaHC-KOH(DIrypariii.
10.9 (0.3) 10.7 (0.2) 10.7 (0.2) TakuM 4YMHOM, 3a HAasBHICThH Tay-
9 10.4(0.8) 15.0(0.7) 10.3(0.9) 152(0.6) 10.3(0.9) TOMEPIB BIANOBLIAC ANKLIaAMIHO-B-
10.9 (0.2) 10.7 (0.1) 10.7 (0.1) KETOEHOJSITHUN ()parMeHT MoJie-
10 10.4(0.7) 150(0.7) 10.3(0.9) 152(0.6) 10.3(1.0)  KyJu. Mu IPHIyCKAEMO HACTyIHY
10.9 (0.3) 10.7 (0.1) Oy/10By TayTOMEPHAX (OpM:
11 105(0.8) 15.1(0.7)
10.9 (0.2) A
12 10.7(0.7) 15.1(0.6) 0L O Nk
11.2 (0.3)
s i i
. . . . 0 M
Hl 3 PO3YMHHUKOM, CAaTEJiTHI CUTHAJIU y OUIbII HTOHT ALk

CHJIBHHX TIOJISIX 30€piratoThes.

AHaui3 IHTEerpaJbHUX 1HTEHCUBHOCTEH Jia-
611pHuX npoToHiB y [IMP-cniekTpax He nae 3mo-
TH OJIEP’)KaTH TOYHI pe3yJbTaTH IIOJ0 CITiBBiJI-
HOIIIEHHSI TayTOMEPIB Y PO34YUHi, MPOTE IS ce-
pii (2E,5Z,7E,9E)-6-rinpokcu-2-(ankinamino)-10-
dbeningeka-2,5,7,9-rerpacH-4-oHiB HamMu OyII0
BCTAHOBJIEHO X NMPUOJM3HE CIIBBIAHOIICHHS Y
xsopoopmi, IMCO Ta TpudTOpOUTOBIl KH-
cioti (tabum. 2). 3 HEi BHIHO, IO IOJOKEHHS
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[Ile omHUM AOKa30M CTaOUTBHOCTI TayTOME-
piB Yy pO34MHI € JaHi XpOMaTO-Mac-CIEKTPO-
MeTpil Juid  ankinamino-p-keroenony 10 (puc. 6).
3 XpoMarTorpaMu BUAHO, 10 Y CUCTEMI IPUCYTHI
TPU OCHOBHI MiKU. BIU3BKICTH Yacy BHXOAY
(1.40-1.56 xB) HE ma€ 3MOTH BHU3HAYHTH X CITiB-
BIJTHOILLIEHHSI. Mac-ClIeKTpH TayTOMEPIB MICTATh
MOJIEKYJISIpHUH 10H 3 Macoro 354.2 Jla Ta ¢par-
MEHT 3 Macoro, om3bkoro 10 182 Jla, T00TO €
NPaKTUYHO 1JCHTUYHHUMHU.
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1339 -
1561
1470,

SO0
¥
03 1 1.5
time=1.338 N
7 3342
182.3 3853
0
LU 250 300 350
time=1.4735 1549
2 1542
182.1 1553
]
'z 200 250 300 350

tEme=1_561 354.2

1823 3353
me 0 250 300 30

Puc. 6. Xpomatorpama Ta Mac-CIeKTp
ankizamino-B-keroeHoxy 10.

@parmeHTallisi TayTOMEpHUX (POpM aJIKiI-
amiHo-P-keroeHomny 10 BitOyBa€eThCsl 3a CXEMOIO:

NH |

C.H s
HO
Co3Hy NOy [MIEH])* = 354,25
L]
NH .
CH e ﬂ
Ho
CplpNO™ [M]7= 182,15 Chatly O [M]” = 171,08

IIMP-cniekTpu 3apeecTpOBaHO Ha CIIEKT-
pometpi Varian VXR (poboua gactora 300 MI'm),
BHYTpilHii crannapt — TMC, neiitepoBaHi po3-
YUHHUKH — XJyiopodopmMm, 6enzon, JIMCO, are-
TOH, METaHoJI, TpHdTOpoLITOBA KUcoTa (Sigma-
Aldrich Co). PCA BiamoBigHOTO KpHUCTaNy BH-
KOHaHO Ha judpakTometpi SuperNova Atlas (Bu-
npomintoBadHs CuK,) 3 kpiocucremoro Oxford
Cryosystems CryoStream 700 mpu T = 123 K.

BUCHOBKH. BctaHoBi€HO, IO y KpHC-
TJTIYHOMY CTaHI B JOCIIDKEHUX alKiJaMiHO-[3-
KETOEHOJIB CTa0lIi3y€eThCs TUIaHapHA KOH)ITY-
pariisi 3-KeTO€HOJIBHOTO (parMeHTy 3a paxyHOK
BOJTHEBHUX 3B'SA3KIB MK TIPOKCH- 1 KETOTPYIIOIO
Ta amiHO- 1 KeTorpymoto; 3a ganumu [IMP Ta
XpOMaTO-Mac-CIIeKTPOMETPIi JTaH1 CIIOIYKH Y PO3-

YHMHI 3HAXOAATHCS Y IEKUTBKOX CTaOLIbHUX Tay-
TOMEpPHUX (popmax.

ABTOpH ASKYIOTH TOKTOpY Malikiy boxe-
Hiuteitnepy (LlenTpanbHa aHaniTuka; YHiBepcH-
tet PerencOypry) 3a PCA.

KPUCTAJUIMYECKOE CTPOEHHE U TAVYTO-
MEPHA B PACTBOPAX AJIKUJIAMUHO-B-KE-
TOEHOJIOB
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Merogamu PCA, VK-, [IMP- cnekrpockonuu
U XpOMaTO-MacC-CIEKTPOMETPUH HCCIEIOBAHO CTPO-
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The structure of alkylamino-f-ketoenols obtained by
opening of the pyran cycle of chalcones based on
dehydracetic acid was studied by X-ray diffraction,
IR, *H NMR spectroscopy and chromatography-mass
spectrometry. The infrared spectra of the compounds
appear to be typical of B-ketoenols. The crystalline
structure (2Z,5Z,7E,9E)-6-hydroxy-2-(methylami-
no)-10-phenylethoxy-2,5,7,9-tetraene-4-one was first
determined. A comparative analysis of it with 2 pre-
viously published structures has been carried out.
All of these compounds are crystallized in the form
of yellow plates in the monoclinic crystalline system
(spatial group P2,/n), they have a planar arrangement
of the polyene chain and B-ketoenol fragment con-
jugated to the aromatic ring. It has been established
that the planar configuration of the [-ketoenol
fragment is stabilized by hydrogen bonds between
the hydroxy and keto group and the amino and keto
group in the crystalline state. The length of the
polymethine chain, the nature of the substituents in
the aromatic and aliphatic part of the molecule do
not significantly affect the size and geometry of the
alkylamino-p-ketoenolate fragment. Approximately
the same lengths of bonds, the distance between
atoms and the corners indicate that all these com-
pounds may have similar chelating properties. Ac-
cording to *H NMR spectroscopy in various deu-
terated solvents (benzene, DMSO, chloroform, ace-
tone, methanol and trifluoroacetic acid), most of the
main signals of the obtained compounds have sa-
tellites, which indicates the existence of several
isomeric forms in solutions. The analysis of integral
intensities of labile protons in 1H NMR spectra does
not allow to obtain accurate results regarding the
ratio of tautomers in a solution, but for a series of
compounds their approximate ratio in chloroform,
DMSO and trifluoroacetic acid have been established
(from 70:30 in CDCIl; to 90:10 in DMSO and
CF3;CO,D). The stability of the tautomers in the
solutions is confirmed by the data of chromatogra-
phy-mass spectrometry.

K ey wor ds: dehydracetic acid, chalcones,
alkylamino-p-ketoenols.
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CHUHTE3 TA JOCIIIKEHHSA AHETUJIALHETOHATHOI'O T'ETEPOAAEPHOI'O
KOMIIVIEKCY Nd{II) ta Ni(II) SK IPEKYPCOPY JJIsi OTPUMAHHSA

CKIIAJHOOKCHUJHUX CTPYKTYP
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CunTte3oBaHo rerepomeranidnuii arermnaneronatauii komrmieke NANi(AA)s 6H,O mis oxep-
JKaHHS HIKeITb-HEOAUMBMICHUX CKIIATHOOKCHIHHMX MaTepiainiB. JocmimkeHo ¢Gi3uKo-XiMidHI
BJIACTUBOCTI KOMIUIEKCY (elleMeHTHHU# aHami3, [Y-CreKTpocKomis, TepMorpaBiMeTpHIHHI
anamni3, PDA). PentrenodasoBuii anamiz ta nani [Y-cmexrpockomii CHHTE30BaHOI CHONYKH
MiATBEPIMIN YTBOPEHHS HOBOTO TreTepoMmeTaiiunoro omgHogasuHoro xomiuiekcy NANi(AA)s -
6H,0. IpoBeneHa oriHka HOro TEpPMiYHOI CTIMKOCTI Ta IOKa3aHO, IIO OisjepHa CIIOIyKa
cy6mimyerbest B inTepBam Temmeparyp 160-270 °C, mpu mpomy Tepmiuma crifikicTs ii Buma,
HDK y 1HAWBIAyaJIbHUX MOHOMETATIYHHMX aueTuaaneToHariB. CHHTE30BaHUH KOMIUIEKC BUKO-
pUCTaHUN SK TPEKypcop IS OJep>KaHHS OKCHIHUX reTepoMeTamiuHux cTpykryp. Iliposi-
3om komruiekcy NANi(AA)s 6H,O oxepxano Oimbin wmctuii  ckimagauii  okcua NdoNiOy,
HDK 13 cyMillli MOHOKOMILIEKCIB.

KniwodoBi coBa: KOMIUIEKCH, HEOJIUM, HiKelb, alleTHIIAIETOH, CHHTE3, TePMIUHUI aHa-

i3, [Y-cnextpu, peHTreHoda3oBuil aHai3, CKJIaIHI OKCHIH.

BCTVII. OnHieo 3 HaOUIBII BaXJIMBUX
npo0iieM Cy4yacHOro MaTepiajlo3HaBCTBA € Ojie-
PPKaHHS OKCHJIHUX KEPaMiYHMX CHUCTEM, TaK SK
came Il CHCTEeMH CTaHOBIISITh OCHOBY Cy4YacHOI
enekTpoHHOi TexHiku: CBY, nazepHoi, pamxiore-
XHIKH, ONTHKH, OOYHCITIOBAIBLHOI TEXHIKHM 1 T.JI.
3 KepaMiYHUX OKCHJHUX MaTepiaiiB HaiOiIb-
MK 1HTepec BUKIMKAIOTh GepuTH, KoOanbTaTu,
HIKeNaTH, KympaTd, Hio0aTw, MoJiOmaTd, MaH-
raHaTl piAKICHO3EMEJIbHUX €JIEMEHTIB, a TaKOXK
ix pi3Hi ckiaaHI KoMOiHaii. YHiKalbHI BIaCcTH-
BOCT1 BUSIBJISIFOTH OKCHUJIHI KE€paMiuHI MaTepiain
Ha OCHOBI JlaHTaHiaiB [1-4].

OaHMM 13 HUIAXIB BUPILIEHHS MPOoOIeMH
CTBOPEHHsI (YHKIIIOHAJILHUX MaTtepiajlliB € po3-
poOKa METO/IiB CHUHTE3y pi3HOMiraHaHux, 3d-4f-
reTepoMeTaTiuHUX KOMIUIEKCHUX CHONYK, Kl €

iX MOJEKyJISIpHUMH INpekypcopamu. [Ipu mpomy
KOMIUIEKCU-TIPEKYPCOPH  TTOBUHHI MICTHUTH Te-
TEPOMETANIN Yy CIHiBBIJHOIICHHI, SKE BiAMOBIIA€
CTEX10METPUYHOMY B L1IIbOBOMY CKJIaTHOMY OK-
cuni. ToMy momryk i po3podka eQpekTUBHUX (Ha-
CKUJIBKM MOJKJIMBO MPOCTUX 1 3 BUCOKUM BHUXO-
JIOM) METO/IIB CHUHTE3y TaKUX reTepoMeTaliyHIX
CHOJNYK Ha JaHWW Yac € JOCUTh aKTYaJIbHOIO
npobiaemoro. TepMoaecTpyKIliss KOMIO3UILIH Mo-
HOKOMIIJIEKCIB pI3HUX MeTalliB abo rerepoMera-
JIYHUX KOMIUIEKCIB JTO3BOJISIE OTPUMYBATH IO-
POILKOBI 1 KepaMiuHi CKJIaJHOOKCHUIHI MaTepia-
JM, a TaKOX ITIBKOBI 1 TOBCTOLIAPOBi (PyHKITIO-
HaJbHI MOKPUTTS Ha Pi3HUX HOcisAxX. Jns oTpu-
MaHHS SKICHHX OJHOPIIHUX CKJIaJIHOOKCHIHUX 1
METaIIuYHUX IUIIBOK B SIKOCTI BUXIJHUX MpPEKyp-
COpiB HEOOXiTHO BHUKOPHUCTOBYBAaTH TIeTepOMe-
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TaliyHi crnonyku. [y cuHTe3y MarepiaiiB 3
[IHHAMH BJIACTUBOCTSIMH IHTEPEC IMPEICTABIIS-
I0Th KOMIUICKCH, JIO CKJIaay SKHX BXOJSTH JIaH-
Tanigu 1 3d-meranu.

HaiiBa)xuBimmuM MOMEHTOM € ONTHMIi3a-
Iisl TIPOIECIB CHHTE3Y CKJIAJHOOKCUIHUX Mate-
piaJiiB 3 TOUKH 30py MiHIMi3allil BUKUAY B aTMO-
chepy MmKIAIMBHX pedoBUH. Bubip ckmamy
KOMITO3UIIIN Uil MipOJIi3y JA03BOJIIE OTPUMYBa-
TH Ta3010/110H1 HETOKCUYHI MPOAYKTH: MOJICKY-
JISIPHUIA HITPOTEH, BOAY Ta BYTJICKHCIIUHI Ta3.

OnHuM 3 METOAIB oJlepKaHHS OiMeTamiy-
HUX CIIOJIYK 3 f-IUKETOHAMH MOX€e OyTH METO/I,
o 0a3yeTbcsi Ha BIACTUBOCTSX IUX JITAHIIB —
1, Iepur 3a Bce, 3aTHOCTI PO3KPUTTS XEIATHOTO
mukiny [5, 6], ske moxe BigOyBaTHcs mpu Y d-
a00 eeKTpoMarHiTHOMy 30y/KEHHi, MpH Mac-
CIIEKTpOMETpHUYHIN (pparmenTariii abo npu tep-
MigHOMY 30Y/DKCHHI TIOOIH3Yy MOPOTY TUCOIIia-
1ii KOMIUIEKCIB, @ B s/l BUIAJKIB 1 TPU YTBO-
PEHHI 3MIIMIAHOMITaHAHUX aayKTiB. Takox MmpH-
BepTae ypary Tou (akT, mo Oarato arneTHiare-
TOHATHUX KOMIUJICKCIB YTBOPIOIOTh TUMEPH YU
omromepu. Ha mifcTaBi peHTIE€HOCTPYKTYPHHX
JIOCITI/DKeHb JTUT1IpATIB alleTUIIAIeTOHATIB JIaH-
TaHy, HeoauMmy Ta itepbito [7-10], Tpurigpatis
alleTHJIAIIETOHATIB €BpOMit0 1 Taxominifo [11,
12], TerparimpaTy aneTWIaleTOHATY TOJbMIiIO
[13] BcTraHoBieHo, 10 mojieaApu 00'enHaHI B
JIAHIIOTH JIBOMa BHYTPIITHBOC(EPHUMH MOJIE-
KyJIaMU BOJIH, SIKi 3'€IHYIOTh BOJHEBHMH 3B'SI3-
KaM{ aTOMH KHCHIO PI3HUX MOJIEKYJ alleThiIa-
1eToHy. JIaHIFOTH MoeaHaHI Mk cO0O00 BaH-IEp-
BaaJIbCOBHMH 3B'S3KaMH. 3aMIiHIOIOUH B TaKHX
KOMIUIEKCaX OJMH METaJ Ha 1HIIMHA, MOXIIUBO
OJIep)KaTH TETEPOMETANTIuHy CHONIyKy. B psimi
pOOIT TOBITOMISIETECSA TPO CHHTE3 f-IUKETO-
HATHUX TE€TEPOMETATIYHUX KOMIUIEKCIB 1 TpHu-
BOJIUTHCS 1X cTpykTypa [14-16]. B [17-19]. Bera-
HOBJICHO, 110 OCHOBHHM CTPYKTYpHHUM (parme-
uToM komiuiekcy Cu(tfa), Pb(hfa), e koopauna-
IiHI TOJIMEPU y BHUIJISAIL JIAHIIOTIB, B SKHUX
Mosiekysn komiuiekciB Cu(tfa), ta Pb(hfa), uep-

ryiotbes. B poOoti [20] posrisiHyTa CTpyK-
Typa IpOJIYKTY B3aeMOJIii rekcadropaneTuiane-
TOHATY ITPIIO 1 aleTHIANETOHATY KyNpyMy Ta
MIOKa3aHO, 10 MOJICKYJM MOHOMETaJiYHuX [-
nuketoHatiB Y (I11) Ta Cu(ll) 38's3aHi B 3ursaro-
nMoAiOH1 JIAHIFOTH MIKMOJICKYJIIPHUMHU BOJTHE-
BUMH 3B'SI3KaMHU.

Mertoro naHoi poOOTH € BH3HAYCHHS YMOB
CUHTE3y, BUBUCHHS CKJIaTy 1 BIACTHBOCTEH re-
TEPOMETATIYHOTO aICTUJIAIIETOHATHOTO KOMII-
JICKCY HEOAMMY 1 HIKEJIO Ta OJepKaHHS CKJIaJ-
HOTO OKCHJYy Ha OCHOBI CHHTE30BaHOTO KOM-
TUICKCY.

EKCIIEPUMEHT TA OFI'OBOPEHHA
PE3YJIBTATIB. Jlna cuHTe3y aleTuiianeToHa-
tiB Nd(AA);3 -3H,0, Ni(AA), 2H,0 Gyau BHKO-
pucrani HactynHi peaktuBu: NdA(NOs)s -6H20,
NiCl; -6H,0, anerunanetoH (g, = 137 °C). Ko-
MILICKCH OJICP)KyBaJi 32 MeToukamu [21-23].

CuHTe3 reTepoOiMeTaTiyHoro areTHIale-
toHatHoro komiwiekcy NANi(AA)s -6H,O mpo-
BOJWIM CITIBKPUCTAJII3AIIE0 MOHOMETATIYHUX
KOMIUIEKCIB. J[0 MPUTOTOBAaHUX TapsduX PO3UH-
HiB coueit (t ~ 50 °C), ski MICTHIIU €KBIMOJISPHI
kimpkocTi NA(NO3)3 -6H,0O i NiCl,-6H,0 (1o
0.003 M), mocTynoBo JoAaBaJii PO3YWH aIle-
TUJIAIIETOHATY HATPI0, B3ATOTO B HEBEIHKOMY
HAJUTHIIKY, Ta PETEIBHO MEPEeMIlllyBalH MPOTS-
roMm 3 roj. IloTiM po34WH OXOJOIKYBaJH, 3a-
JWINAIK Ha J00Y, MiCIs 90T0 0Cajl, M0 yTBOPH-
BCS, BiI(DIIBTPOBYBAIH.

JlaHi eJIeMEHTHOTO aHalli3y reTepoMeTa-
miuHoi crnonykr NANi(AA)s -6H,O minrBepau-
au criBigHomenns Metamis NA:Ni=1:1. s
NdNiCz5H470g 3Haiineno (po3paxosano), %: Nd
18.13 (17.87), Ni 7.38 (7.28), C 36.82 (37.23),
H 5.63 (5.83).

Jis mOoCHipKeHHST OJIep)KaHUX MPOAYKTIB
Oymu mpoBeneHi peHtreHodaszoBwmii, [Y-crek-
TPOCKOMIYHHH 1 TEpPMOTPaBIMETPUIHHI aHAITI3H.

[Y-criekTpu OJepKaHUX KOMILJIEKCIB 3a-
peectpoBano Ha mpuiaai Specord M-80 y Ta6-
netkax 3 KBr.
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TepmorpaBiMeTpU4HI JTOCTIKEHHS TIPO-
BoamiM Ha aepuBatorpadi Q-1500 D F.Paulik—
J.Paulik-L.Erdey B kepamiuyHuX BIIKPUTHX MiK-
POTHIIISAX IPH IIBUAKOCTI HArpiBy 5 'C/XB, Maca
HaBaxku ctaHoBuia Bix 80 mo 100 mr.

PentrenodasoBuil anaii3 cHnoiayk 3.iiic-
HIOBAJIU HA PEHTTE€HIBCbKOMY IU(paKTOMETpl
JAPOH-3M. ExkcnepuMeHT BHKOHYBaBCs IIpU
HOpMaJIbHUX yMOBax 3 BUKopucTaHHsM CUK,-
Bunpominopanns, A = 1.54187A, 3 xomm’roTep-
HOIO PEECTPAIi€l0 BUXIHOTO CHUTHATY. 3MOMKa
Benacs B iHTepBaii KyTiB 10° < 20 < 80°, 3 kpo-
koM ckaHyBaHHs 0,04° Ta 3 yacoMm eKkcrno3uuii t
= 1 c. Ans posmuppoBkun POA BUKOpHCTOBY-
Banm 6a3y nanux JCPDS.

Binomo, mo xoxxHa kpucraniyHa ¢asza gae
IHaUBiNyanbHy audpakTorpaMmy, sika BU3Haua-
€THCS TIOJIOKEHHSIM CMYT Ta iX iIHTEHCHUBHICTIO.
Pentrenorpama cymimri Aekiibkox ¢a3z € pesy-
JHTATOM HAKJIaJaHHS PEHTICHOTPaM KOXHOI 3
HUX, MPUYOMY TOJIOXKEHHS pedIeKCiB, K1 BiJi-
HOCATBCSL IO OKpeMHX (a3, He 3MIHIOETHCS, a
BiTHOCHA IHTEHCUBHICTh 3aJIC)KUTh BiJl BMICTYy
¢a3 B cymimi. ToMy BuU3HaueHHs oOfHiel (a3u
abo cymii AeKkuIbKoX (a3 Moxke OyTH BUKOHA-
HO LUIAXOM IOPIBHSHHS PEHTI€HOTPaM BiIOMHX
1 pociimxyBanux cronyk. Jlani pentreHogaso-
Boro anaiizy moHokomiuiekciB Nd(AA); 3H,0
(mudpakuiiiHi TiKA 31 3HAYCHHAMH 20 9.130,
10.24° 13.24°, 16.77°, 21.59%) i Ni(AA); 2H,0
(mudpakuiiHi TiKA 31 3HAYCHHAMH 20 8.000,
16.03°, 21.46°, 23.52°, 24.12° ninTBepIKYyIOTH
IHIMBITyabHICTh OJIEpIKaHUX KOMIUIEKCIB ([24];
kaptouka 00-013-0739, 6a3a nanux JCPDS).

AHaii3 peHTTeHOTpaMH T€TEPOKOMILIIEKCY
NdNi(AA)s -6H,O mokasas, 110 BOHa HE € pe-
synbraTtoM Hakmaganas cMyr Ni(AA); 2H,0 Tta
Nd(AA); 3H,0, a oxep:kaHuii KOMILIEKC € iH-
nuBiayansHO0 (asoro (puc. 1).

bynu 3msari [Y-cnexkTpu anerunaneroHa-
THUX KomruiekciB Hikenro (II), aeomumy (II1) i re-
TEPOMETATIYHOTO KOMILIEKCY (puc. 2, a, 6; Tad.
1). BigHeceHHsT OCHOBHUX CMYT B CHEKTpi Mmpo-
BEJICHO 3 ypaxyBaHHIM JIaHHX pooit [25-27].
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Taonunpsa 1

Xapakrtepucrnuni  4acrorn (em ') B IY-crekt-
pax xommiaexciB NA(AA):-3H,0, Ni(AA),-2H,0,
NdNi(AA)s6H,O

Kowmmuekc / wacrora, cM *
Bigne-
Nd(AA);- | Ni(AA), | NdNi(AA)s CEeHHS
3HZO 2H20 6H20
370 390 360 Yv M-0,
400 CKeJIeTHi
415 430 420 KOJIMBaHHS
442 462 X€JIATHOT'O
493 KUTBLIA
545 540 578
596
665 660 614 Yv C—CHjs
660 v M-O
682
729 724
777
1280 1280 1278 vs Cz==C
1410 1380 1290 8CH3
1380
1448
1455 1470 1470 Vs C22=0
1480
1530 1540 1530 Vg C==C
1540
1552
1585 1580 1578 v Cz==0
1600

[TonoxxeHHs, IHTEHCUBHICTH 1 (hopmMa cMyT
B Iq-CHeKTan Nd(AA)3 '3H20 i NI(AA)Z '2H20
criBnanaTh 3 [Y-ciekTpamu aHalIOriyHUX CIO-
JyK, onucaHux B jitepatypi [25-27]. B [U-cre-
kTpi NdNi(AA)s -6H20 crioctepiraerbcst 30i1b-
IIEHHS KIJTbKOCTI CMYT B 00JIaCTI CKEJIETHUX KO-
JTUBaHb XeJATHOTO Kiumbls 1 KonuBaHb V(M-O)

y mopiBHsHHI 3 MoHOKomIuiekcamu Nd ta Ni 3
alleTUIAeTOHOM. TakoK BiZOyBa€eThCsl po3Iiie-
IUICHHS CMYT Ha JIeKUJIbKa KOMIIOHEHT, sIKi BiJI-
HOCITHCI 00 V KonuBaHb 3B'13KIB C===C | Cz===-
O. lle miaTBEepaXKye YTBOPEHHS HOBOI TreTe-
pPOMETANIIYHOT CHOJMYKH. Y BHCOKOYACTOTHIN
obmacti crektpa (~3440 cM™) mst BCix KoMII-
JIe KCiB IPUCYTHI CMYTH BAJICHTHUX KOJUBaHb
(V(O-H)) rimpatHoi BOIH.

[IpoBeaeHO TepMOTrpaBIMETPUYHHUI aHATI3
CUHTE30BaHUX CMOJYK. 3HAHHA TEPMIYHUX Xa-
PaKTEpUCTHK MPEKYypPCOPY Ma€ BAXKIIMBE 3HAYCH-
HS TIpU BHOOpI TeMIepaTypH MPOBEACHHS HOro
Hipoi3y JUIsl CUHTE3Y CKJIaJHOOKCHJIHOI CIOIYy-
KM 3 3amaHuMu BractuBoctsmu [1-4]. Takox
MOPIBHSHHA TEPMIYHOI TOBEIIHKM BHXIJIHUX
anerwianeronatis Nd(I11) 1 Ni(ll) Ta rerepome
TATIYHOTO KOMIUIEKCY MOXeE JaTH JO0JaTKOBI
PTYMEHTH Ha KOPUCTh 1HAMBITyaTbHOCTI CHH-
te3oBaHol ['M cnonyku.

Ha puc.3 HaBeneHO KpWBI BTpAaTH Macu
s Ni(AA), 2H,0, Nd(AA); 3H,0, ix mexaHi-
gyroi cymimi Ni(AA); 2H,0 + Nd(AA); 3H,0
ta oxeprxkanoro komruiekcy NANi(AA)s -6H,0, a
B Ta0J. 2 — XiJ TEpPMIYHOI TIOBEIIHKHU JOCIHII-
KYBaHUX KOMILJICKCIB.

m,%
0

20 -
40 |-

60 |

80 |

100 200 300 400 500 1.C

Puc. 3 JlepuBarorpamu komiuiekcis Ni(AA), 2H,0
(1), Nd(AA); 3H,0 (2), NdNi(AA)s -6H,0 (3).

AHai3 KpUBUX BTPATH MacH IMPOIYKTIB
nokasaB, mo Ha BiamiHy Big Ni(AA)2H20 i
Nd(AA)3:3H,0, xommuteke NdANi(AA)s6H,0
TEpMIYHO OUTBIN cTitikumid. [lepmmii 1 npyruit Tep-
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Taonumsa?2

Tepmiuna criiikicte KoopauHamiiiaux cmoayk Ni(AA)2H,0, Nd(AA)z-3H,0, cymimi Ni(AA),-2H,O
i Nd(AA);:3H,O Tta rerepoxommiexcy NANi(AA)s-6H,O

o . . . Cywmim Ni(AA), 2H,0 . ‘
Hpouec, C NI(AA)Z 2H,0 Nd(AA)3 3H,0 i Nd(AA)3 3H,0 NdNI(AA)s 6H,0
Herigpararis 100 110, 150 95, 135 150, 175
Cyo0mnimartist 120-150 150 160-270
Posknazg >270 >260 >270 >310

moedektu Ha kpuBiit JITT rereposiiepHOro KOM-
mwiekcy npu 150 1 175 °C BignoBigaroTh Bijamie-
IUICHHIO  BHYTPIITHROKOOPJIUHOBAHUX  MOJIC-
KyJ BOJaH, a B obsacti temneparyp 160—270 °C
MPOXOIUTh HE3HAYHA CyOJIIMAIlisi KOMILIEKCY.
3arampHa BTpaTa Macu ckmamae 7577 %, 1o
CBITUUTH TPO AEsKY JeTKicTh 3paska I MK. Kpim
TOTO, 3aJIMIIOK BiJ] HarpiBaHHS TeTepoMeTasiv-
HOI CIIOJIyKH, TMPOXApeHWH IpH TeMIepaTypi
800 °C, 3rigHO 3 pe3yJbTaTaMH €JIEMEHTHOTO
aHaJTi3y, MICTUTh HEOJIUM 1 HIKEIb Y CITIBBITHO
meHHi ~ 2:1, 10 Bi/IMOBi/Ia€ YTBOPEHHIO CKJIAJI-
Horo okcuay NdoNiOs. 3HaiimeHo (po3paxoBa-
HO), %: Ni 14.47 (14.29), Nd 71.15 (70.12).

Buxonsun 3 HaBeJeHMX JaHHUX, MOXKHA
NPUITYCTUTH, 10 TpH Temmeparypax 160-270
°C BigOyBaeTbCcs OAHOYACHO TepedymoBa
NdNi(AA)s 6H,O crinbHO 3 cyOmimMariiero OuTbIi
JIETKOI HIKEJIEBOI YaCTUHU KOMILJIEKCY.

Ha ocranniit cranii TepmomecTpykiii
mpu t > 310 °C npoXoauTh TOBHUN PO3KIIAL]
TeTepOMETATIYHOI CTIOTYKH, SIKa CYIIPOBOJI-

KY€EThCS 3HAUHUM ek30edekToM. Takum 4uHOM,
komiuieke NANi(AA)s -6H20 Moxe OyTH BUKO-
PUCTaHUN B SIKOCTI MPEKypcopy AJIs OJep KaH-
Hs CKJIQJIHOOKCHUJHHUX HIKEIb-HECOIMMBMICHHX
CTPYKTYP.

YMoBamHu, 10 BU3HAYAIOTH BUCOKI TOKa3-
HUKU (QyHKI[IOHAIBHUX MartepialiB i BUpoOiB Ha
iX OCHOBI, € JIOCATHEHHS OJIHOPITHOCTI XiMid-
HOrO, (hasoBoro ckiamy i omHOpimHOI MOpPdO-
JIOTIYHOI OyJIOBH CHHTE30BaHUX NpPOAyKTiB. Ha

(GyYHKLIOHATBHI XapaKTEPUCTUKU MOJIKPHCTA-
JIYHUX MaTepiajiiB BEJIMKHH BIUIMB YUHHUTH Ha-
SIBHICTh JTOMIIIOK, SIKi KOHIICHTPYIOTHCS Ha IO-
BEpXHI 3epeH. Y OUIBIIOCTI BUMAJKIB JIJISI CHUH-
T€3y BHUKOPHCTOBYIOTHCSI BHCOKOYHCTI PEaKTH-
BH, SIKI MAalOTh BHCOKY BapTiCTh. ABTOPH OIJIsi-
1iB [28, 29] po3risaaTh MOXKIUBICTE 3aCTOCY-
BaHHS CyMIlIeH METaJIOPTaHIYHUX TPEKYpCo-
piB Ans oAep)kaHHS MyJIbTU(EPOITHUX ILTIBOK.
OpnHak BUKOPUCTAHHS 1HAUBIAYalbHUX TIeTe-
pomertaniyaux 3d-4f-KOoMIIEKCiB B SIKOCTI TIpe-
KypCOpiB 3MIIIaHUX OKCHJIB € OLIbII MepCIeK-
TUBHHM, 3aBJISIKU «3MIIIyBaHHIO» B MPEKypcopi
10HIB reTepoMEeTaJIiB Ha MOJIEKYJIIPHOMY PiBHI.

[Tiponi3 komrutekcy NANi(AA)s 6H,0 i cy-
Mimni MoHoMeTanmiuaux arneruianeronatis Ni(ll)
ta Nd(I11) mpoBoamm 3i 3MiHOO YMOB TEPMOJTi-
3y — BapilOBaHHA IIBHJIKOCTI HArpiBy (Big 5 10
20 °C/xB), 3MiHM KiHIIEBOI TeMIlEpaTypu Harpi-
BaHHA (10 500 1 1o 800 °C), 1 yacy BUTPUMKHU
npu KiHuesii temnepatypi (Big 1 g0 5 rox). Kon-
Tposib (Ha30BOTO CKIIAJy OTPUMAHHMX OKCHIHHX
HOPOMIKIB 3/1IICHIOBAIN 3a JIOTIOMOT'OI0 PEHTIe-
Ho(azoBoro anamizy. BcTaHoBieHo, 10 3MiHA
TeMIEpaTypHUX PEXUMIB MPOIIECY POy BILIU-
BAa€ Ha XapaKTePUCTHKH OTPHUMaHUX Marepia-
JiB (cTymiHb amopdHocTi, da3zoBuil CKial, Ha-
SIBHICTh JIOMIIIIOK).

Ha puc. 4 nHaBeseHo nudpakrorpamu 3pa-
3KiB OKCHUJHUX MOPOIIKIB, OJIEPKAHUX 13 CyMIIIl
MOHOKOMIIJIEKCIB HEOJIUMY 1 HIKEIO 3 alleTuia-
rieroHoM Ta ix rerepokomiuiekcy NANi(AA)s -

ISSN 0041-6045. YKP . XIM . XVYPH ., 2019, 1.85, Ne 8 87



JILI.Kene3znosa, JI.1.Cniocapuyx, H.b.leaxa, C.B.Kynewos, O.K.Tpynosa

WM uww

ol W VO

T L B
10 20 30 50 60 70 80

28, rpag
Puc..4. ludpakrorpamu 3pa3kiB, ofep:KaHUX MipOTi-
30M CyMillli alleTHJIalleTOHATIB HeouMy 1 Hikernro (1)
ta kommexcy NANi(AA)s -6H,O (2); t = 800 °C,
T=3rox.

6H,0, onepxaHuX 3 BUTPUMKOIO IPH TeMIepa-
typi 800 °C mpotsirom 3 ron.

Amnani3z nanux P®A mokasas, mo B 000x
BUIAJIKaX MIpOJIi3 CYMPOBOIKYETHCS YTBOPEH-
Ham ckiaagaoro okcuay NdaNiOg, a Takox m10-
natkoBux ¢a3: okcuaiB NiO, NdgO11, Nd-Ni—O.
OpHak KiJBKICTI OCTaHHIX TOMITHO MEHII Yy
BUMAJIKy BHKOPHCTaHHS TreTepokomIuiekcy. Ot-
e, TIPU 3aCTOCYBaHHI T€TEPOMETAIIYHOTO KOM-
TUIEKCY JUTSE OTPUMAHHS CKJIAHUX OKCHJIB OJe-
pkano 3pasku nopomky Nd;NiOs 3 kpartroro
($a30BOI0 OAHOPITHICTIO, B TIOPIBHSIHHI 3 IPOAY-
KTOM MipoJIi3y CyMilli MOHOKOMILJIEKCIB HEOIH-
My 1 HIKEIIO 3 aleTUIaleTOHOM. TakoX 3HaYHO
3HWXKY€ETbCA TEMIIEpaTypa TepMOOOpPOOKH TreTe-
POMETaTIYHOTO KOMILJIEKCY 1 4ac Miposi3y B MO-
pIBHSIHHI 3 METOJaMu TBEepPAO(a3HOTO CHHTE3Y
[30, 31].

BUCHOBKH. CuHTe30BaHO 1 BUJUICHO B
KPUCTATIYHOMY CTaHi HOBHU TeTepOsICPHUIN
komruiekc NANi(AA)s6H,0. Kommeke mocmi-
JOKeHO MeTojamu [Y—crekTpockortii, TepMigHO-
ro 1 peHTreHo(}azoBoro aHaji3iB. 3a JaHUMU Tep-
MIYHOTO aHaJli3y CTIHKICTh Te€TEPOMETATIYHOTO
KOMIUIEKCY BUIIA, HIX Y 1HIWUBIIyaIbHUX KOM-
mwrekcie Ni(AA); 2H,0 ta Nd(AA); 3H,0. Cro-
ayka NdNi(AA)s ‘6H,0 moxe OyTH BUKOpHCTA-

Ha B SIKOCTI MPEKYPCOpy Ui OAEP KaHHS CKIIa/I-
HOOKCHUIHUX CTPYKTYp. JocmimkeHnHs ¢a3oBux
neperBopenb npu Tepmoutizi NdNi(AA)s -6H20 i
cymitri MoHoMetaniuHux anermnaneroHatis Ni(ll)
ta Nd(I1l) mokazamo yTBOpeHHs CKJIaJHOTO OK-
cuny NdaNiOg, onHak y BUIIAAKy reTepoMeTati-
YHOTO KOMIUIEKCY Horo uncToTa Bumia. [lokasa-
HO, 1110 BUKOPUCTAHHS [-TMKETOHATHUX TIPEKyP-
COpIiB JIO3BOJISIE 3HM3MTH MaKCHUMaJbHY TEMIIC-
patypy cunresy 3 1100 o 800 °C ta 3MeHIIUTH
yac TepMooOpoOkH 3 12 10 3 roJ y nopiBHIHHI 3
OIMCaHUM B JIITEPATYPl PEKUMOM.

CUHTE3 U MCCJIEJJOBAHUE ALIETHJIALIE-
TOHATHOI'O TETEPOSIJIEPHOTO KOMIIJIEK-
CA Nd(II) n Ni(I) KAK [TIPEKYPCOPA JUJ151 TTO-
JIVYEHUST CJIOXKHOOKCHUHBIX CTPYKTYP

JL.N.Kene3noBa, JL.U.Cmocapuyk*, H.b.lBaxa,

C.B.Kynemos, E.K.TpyHoBa

Hucmumym  obweil u  HeopeaHuyeckou  Xumuu
um. B.U. Bepnaocxoco HAH Ykpaunwi, npocn. Axa-
oemuxa Iannaouna,32/134, Kues, 03142, Ykpauna
“e-mail: soleillyuda@gmail.com

CHHTE3UPOBaH T'eTEPOMETAIUIMYECKUIN allThII-
arreronatbiii komruieke NANi(AA)s 6H,0 mist mo-
JIYYEHHUS] HUKEb-HEOANMCOACPIKAIINX CII0KHO-OKCH-
THBIX MaTtepuanoB. VccnemoBaHbl (U3NKO-XUMU-
YeCKHE CBOMCTBA KOMILIEKCA C MOMOIIBIO JIEMEHT-
Horo aHanu3a, MK-crekrpockonuu, TepMOrpaBUMeT-
pUYECKOro U pPeHTreHo(a30BOro aHaau3oB. JlaHHbie
PDA u UK-cnekrpockoruu NANi(AA)s 6H,0 mox-
TBEpPAWIM 00Opa30BaHHWE HOBOIO TI€TEpOMETa/LIHYE-
ckoro omHotaznoro coemgmuenus. B HK-cnexrpe
NdNi(AA)s ‘6H,0 HabmromaeTcss H3MEHEHHE KOJIHYE-
CTBa M IIOJOXKEHMS IOJIOC B OOJACTH BaJIEHTHBIX
konebanwmii cBsizeir M—0O, Cz==C, Cz==O mno cpas-
Henuto ¢ MK-crnekTpaMu MOHOMETANTUYECKUX KOM-
mwiekcoB Ni(AA), 2H,O u Nd(AA); 3H,0.

[IpoBeneHa oLeHKa TEPMHUUECKON yCTOMYHUBO-
CTH CHHTE3MpOBaHHOTO KoMruiekca. [lokazaHo, 4To
rerepomeramueckuii kommuieke NANi(AA)s -6H,0
TEPMHUYECKU OO0Jiee YCTOWYHB, YeM MOHOMETaJUTHYE-
ckue anermwianeronarsl Ni(l1) u Nd(I11). Terepokom-
IJIEKC MOKET OBITh WCIIOJI30BaH B KadecTBE IIpe-
Kypcopa JijIsl TOJIy4YeHHUsI OKCUIHBIX T€TePOMETaILIH-
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yeckux cTpykryp. Iupomus kommmmekca NANi(AA)s -
6H,0 u, st cpaBHEHHSI THPOITN3 MOHOKOMILIEKCOB
Ni(AA); 2H,0 u Nd(AA); 3H,0, npoBoaunu co
CMEHOHW YCIIOBUH TEPMOJIHM3a — U3MEHEHUE CKOPOCTH
HarpeBa (ot 5 1o 20 °C/MuH), n3MEHEHHE KOHSTHOU
temnepatypsl HarpeBauus (mo 500 u mo 800 °C),
W3MEHEHUE BPEMEHH BBIACPIKKU MPH KOHECYHOW TEM-
mepatype (ot 1 10 5 9acoB). YCTaHOBIICHO, YTO W3-
MEHEHHUE TeMIIepaTyPHBIX PEXHMOB IPOIIecca MUPO-
JM3a BIUSIET Ha XapaKTePUCTHKH ITOJyUYeHHBIX MaTe-
puasnoB (creneHb aMoppHOCTH, (Ha30BbIi cOCTaB, HA-
mu4ave npumeceii). MccienoBanue cocraBa MpoTyK-
TOB IMHUPOJIU3a TETEPOKOMILJICKCa U CMECH MOHOME-
tanmnudeckux anerunaneronatoB Ni(ll) u Nd(111),
MOJy4YeHHBIX B ycioBusix Harpea 10 800 °C u BbI-
JIepKKe TIPH TOH TeMIlepaType B TEYeHUE 3 YacoB,
nokasano obpazoanue ciokHoro okcugaa NdoNiOy,
a Taxoke ¢aszsr okcugoB NiO, NdgOy;, Nd-Ni-O. Ox-
HAaKO MX KOJIMYECTBO MEHbIIE B CIy4ae UCIOIb30Ba-
HUSI TeTEePOKOMILIEKCA.

IToka3aHo, YTO 3HAYUTEIHHO CHIDKACTCS TEM-
meparypa TEepMOOOpPaOOTKH TeTepPOMETaTHIECKOTO
KOMIUIEKCA U BpPEeMs €ro MUpPOJIN3a M0 CPABHEHHIO C
METOaMH TBepA0()a3HOTO CHHTE3A.

KnmoueBse cJ0Ba KOMIJIEKCH, HEOAUM,
HUKEJIb, alleTHJIAleTOH, CHHTE3, TEPMUYECKUil aHa-
3, UK-cnexTpel, peHTreHo(]a3oBbIil aHamu3, Cio-
JKHBIC OKCHHI.

SYNTHESIS AND STUDY OF THE HETERO-
NUCLEAR ACETYLACETONATE Nd(Ill) AND
Ni(ll) COMPLEX AS A PRECURSOR FOR OB-
TAINING COMPLEX-OXIDE STRUCTURES

L.l. Zheleznova, L.l. Sliusarchuk*, N.B. lvakha,
S.V. Kuleshov, O.K. Trunova

V.1.Vernadsky Institute of General and Inorganic
Chemistry of the National Academy of Sciences of
Ukraine, 32/34 Academic Palladin Avenue, Kyiv,
03142, Ukraine

* e-mail: soleillyuda@gmail.com

The heterometallic acetylacetonate complex
NdNi(AA)s 6H,0 has been synthesized to obtain ni-
ckel-neodymium-containing complex oxide materi-
als. The properties of the complex have been investi-
gated by physico-chemical methods of analysis (ele-

ISSN 0041-6045. YKP . XIM . XVPH ., 2019,

mental analysis, differential thermal analysis, IR spec-
troscopy, X-ray powder diffraction). The data of X-
ray powder diffraction and IR spectroscopy of
NdNi(AA)s 6H,0 confirmed the formation of a new
heterometallic single-phase compound. In the IR spec-
trum of NdNi(AA)s6H,0, a change is observed in
the amount and position of the bands in the region of
stretching vibrations of the M-O, Cz==C, C===0
bonds, as compared to the IR spectra of the monome-
tallic complexes Ni(AA), 2H,0 and Nd(AA); 3H,0.

An assessment of the thermal stability of the
complex has been performed. It was shown that the
synthesized heterometallic complex NdNi(AA)s 6H,O
is thermally more stable than monometallic acetyl-
acetonates of Ni(ll) and Nd(lI1). The heterocomplex
can be used as a precursor to obtain heterometallic oxi-
de structures. The pyrolysis of the NdNi(AA)s ‘6H,0O
complex and, for comparison, the pyrolysis of the
monocomplexes Ni(AA), 2H,0 and Nd(AA); 3H,0

were carried out with changing the thermolysis con-

ditions — change of heating rate (from 5 to 20
°C/min), change of the final heating temperature (to
500 and to 800 °C), change of the exposure time at
the final temperature (from 1 to 5 hours). It has been
established that a change in the temperature condi-
tions of the pyrolysis process affects the characteris-
tics of the materials obtained (degree of amorphism,
phase composition, the presence of impurities). The
study of the composition of the pyrolysis products of
the heterocomplex and the mixture of monometallic
acetylacetonates of Ni(ll) and Nd(lll), obtained un-
der heating to 800 °C and holding at this temperature
for 3 hours, showed the formation of a complex oxi-
de Nd;NiQ,, as well as other phases NiO, NdgO11,
Nd—i-O. However, their amount is smaller in the ca-
se of using a heterocomplex.

It is shown that the temperature of heat treat-
ment of the heterometallic complex and the time of
its pyrolysis are much less in comparison with solid-
phase synthesis methods.

Keywords: complexes, neodymium, nickel,
acetylacetone, synthesis, thermal analysis, IR spec-
tra, X-ray powder diffraction, complex oxides.
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IIpoanann3upoBaHbl NOAXOABI K CHHTE3y MMHIA30JINEBBIX, MUPUINHHUEBBIX M TETPAATKUIAM-
MoHHEBBIX [IAB, (QyHKIMOHATM3UPOBAHHBIX OKCHMHOW TPYNIOW. YCOBEPIIEHCTBOBAHBI Me-
TOJIBI TIOJIyYEHHS Psfa MPOMEXYTOUYHBIX M LEJIEBBIX MPOAYKTOB, MPHBEACHbI HanOoJee ONTH-
MaJIbHBIE METOJUKH WX CHHTE3a, a TaKKe AaHHbIC (PU3MKO-XUMHUYECKHX HCCIEIOBAHHUN, IOA-
TBEPKAAIOLIMX HUX COCTaB U CTPOCHHE.

KnmoueBbe clImoBa: (1)yHKLII/IOHaHI/I3I/IpOBaHHLI€ HAB, OKCHUMBI, COJIHM MMUIOA30JIMA, ITH-

pUaAHAA, TCTPAAJIKUIAMMOHHA.

BBEJ[EHUE. B nociieanve AeCATUICTUS
n3ydeHne (PU3NKO-XUMUYECKHX CBOWCTB MHK-

pPOOPraHNU30BaHHBIX CpPEJ — PacTBOPOB IO-
BEPXHOCTHO-aKTUBHBIX BemiecTB (IIAB), mux-
PO3MYJIBCHN, NOHHBIX KUJIKOCTEN U JIp. — Ha-

XOJUTCSI B LEHTPE NPHUCTAIBHOIO BHUMAaHHS
uccnenosareneit [1-5]. IlpoBenenne peakunii B
MHUKPOOPTraHW30BaHHBIX Cpe/laX, KOTOpbIe B ps-
Jie CIy4acB MOXXHO pacCMaTpuUBaThb KakK CBOE-
oOpa3Hble HAHOPEAKTOPHI, TPEJICTABIAET HE
TOJILKO HAy4HbIA, HO W NPAKTHUYECKUN HHTE-
pec, MOCKOJIbKY OTKPBIBAE€T HOBBIE BO3MOYKHO-
CTH PEryJIMpOBaHUS CKOPOCTEN M HaNpaBJICHUN
XUMUYECKUX TiporieccoB [6]. Tak, muiiemisipHbie
spdextsl [IAB B peakiusx aHMOHHBIX HYK-
71€0(UI0B MOTYT OBITh UCIOJIB30BaHBI MIPH CO-
3JaHAU OPraHW30BAHHBIX MOJIEKYJISIPHBIX CHUC-
TeM, OBICTPO M HEOOpATHMO PaCIICTUISIOIINX

BBICOKOTOKCHYHBIE (hocdop- U cepaopraHnde-
ckue coenuHeHus. [IpumeHeHrne TOKCUYHBIX Tie-
CTUIMJIOB, K YHCITy KOTOPBIX OTHOCSATCS S(UPHI
mrankuihochopHoi, ruankunTrodochopHoii u
TAATKIIIATHO(POCHOPHONU KHUCIIOT, COMTPOBOXK-
JTaeTCsl 3arpsi3HEHUEM TIOUBBI U TPYHTOBBIX BO/,
a OTPOMHBIE 3amachl ATUX BEIIECTB TPeOYIOT
pa3paboTKH METOJOB 3KOJIOTHUECKH Oe3orac-
HOM yTunu3auuu [2, 7]. Jlu3aiiH peareHToB 11t
OBICTPOro M HEOOPATUMOTO PA3NOKEHHS HKO-
TOKCHKAHTOB, B TOM YHCIIe COeAMHEHHH (hoc-
dopa u cepbl, TpeOyeT KOHCTPYHUPOBAHUS CHUC-
TeM, 00Ja/Ial0MIUX KaK BBICOKON HYKJIEO(UIIb-
HOCTBIO, TaK U BBICOKOW COJIFOOMIIM3UPYIOIIEH
CIOCOOHOCTBIO TI0 OTHOIIEHUIO K TUAPO(OO-
HBIM cyOcTpaTam.

Hamu Obutd CHHTE3MpOBaHBI MOHOMEp-
Hble U qumepHbie [TAB, B roioBHyto rpymiy Ko-
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Cunmes ynxyuonanusuposanuvix oxcumuvimu epynnamu IIAB na ocnoge umuodazona ...

Halm —,
Hal NT:N\/}kNOH
— Ak

[\
AIk/NVN\JWWOH

Alk = CHj (1), Ci6H33 (1a)

+
Am’NjiN‘CH3

Hal" “SNOH

Alk = CH; (1V), Ci2Hps (IVa),
C14H29 (IV6), C16H33 (IVB)
NOH

CH, CH, Br
HC T+ ° s
~
CiHys NOH
XV

TOpPBIX BXOAWT umuaazonuenoe (1-V), mupu-
muaueBoe (VI-XIIl) u terpaankunammonue-
Boe sapo (XIV-XV), dyHKIMOHATU3NPOBaH-
HbI€ KOBAJICHTHO CBA3aHHOM OKCHUMATHOW IpyTI-
MO, a TaKKe WX METHIIbHBIC aHAJOTH.

OKCIIEPUMEHTAJIBHAA YACTh. Cun-
Te3 coeauHeHui 1-XV ocymiecTBisuM o paspa-
OOTaHHBIM HAMH METOJMKAM U C YICTOM JIUTE-
parypHbix AaHHbIX [8—11]. CocrtaB, cTpyKTypa u
YUCTOTA MOJYYEHHBIX COCIMHEHHH MOATBEPX-
neHbl gaHHbiMH SIMP-cnektpockonuu, TOHKO-
CIIOWHOM XpoMatorpaduy U SJIEMEHTHOTO aHAIU-

CH3
Alk = CHj (1), CigHs3 (11a)

HsC
Hal H3C

NS

Alk = C12H25 (l“), C14H29 (IIIa)

Hal Hal

NOH =—

Nk/NSEL\/)L\/N<}N\Am

Alk = CHj3 (V), Ci2Hzs (Va)

C16H33 C16H33
Xl X1
- CH, NOH CH -
Cl HSC\ | N 3 I N 3CH C|
/N NTZ''s
C12H25 C12H25
XV

3a. SIMP-cniexTps! 3anucbiBaiu Ha npudope BRU-
KER Avance Il 400 (400 MI'1), B kauecTBe BHY-
TpeHHero craHaapra ucnoab3zoBamu TMC. Xpo-
MaTorpaguio B TOHKOM CJIO€ CHIJIMKAress BbINO-
masm Ha tiactuHax Merck SilicaGel 60 Fosg
(mroeHT — xmopodopm : meranoa = 10:1).
Bbutn  ycoBepiieHCTBOBaHBI METOJIBI TIO-
Jy4eHHs pAfa IPOMEKYTOUHBIX MPOIYKTOB, Mpe-
JKJIe BCETO JUISl PEaKIMy ANKIIUPOBAHUS UMUJI-
a307J1a, C UCTOJIb30BAHUEM YCIIOBHM MexK(pa3HOTO
Katanu3a TBepnaas (aza—xunkocts. Takoi Me-
TOJ, C IPUMEHEHHUEM CHCTEMBbI TMJIPOKCH]l Ka-
JMs—AalEeTOH, TI03BOJIIT CBECTH K MUHIUMYMY 00-
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pa3zoBaHHe MOOOYHBIX MPOAYKTOB KBapTEHHU3aA-
LM BTOPOTr'O aToMa a30Ta IeTepoLuKIa, CyIlle-
CTBEHHO YIPOCTUTh HUX OYHUCTKY M IOBBICUTH
BBIXOJl LIEJIEBOIO IPOAYKTA.

Cunmes K1104egvlx nOAYRPOOYKMoe

1-Jlooeyunumuoazon. K pactBopy 0.06
MOJIb UMHUAa30y1a B 60 MJI cyXoro ameToHa Jo-
o6aBmsumm 0.06 mosp 1-Gpomumonexana u (.07
MOJIb TINATENIBHO PAacTepPTOro TUAPOKCHIA Ka-
aus. 3aTeM CMeCh KHISITHIN § 4acoB, alleTOH
yHoapuBalid, OCTaTOK TMEPErOHSUIM B BakyyMe
(0.5-0.8 mm pr.ct.). Beixoqx — 92 %, T.xun. —
165-170 °C. Crextp SIMP *H (CDCls), 8, m.x.
(J, T'w): 0.88 (3H, T, J = 6.8, CH3), 1.19-1.40
(18H, M, (CH2)g), 1.71-1.81 (2H, M, CHy), 3.92
(2H, 1, J = 7.2, CH>-N), 6.90 (1H, c, CHapon),
7.05 (1H, ¢, CHapom), 7.48 (1H, ¢, CHapow)-

Hatineno, %: C 76.24; H 11.92; N 11.83.
Ci5H2sN,. Beraucieno, %: C 76.21; H 11.94; N
11.85.

1-I'excaoeyunumuoazon. Cmech 1.76 momb
umugazona u 0.71 momp nermwidpomuma B 350
MJI MeTaHolla KUMATWIH B TeueHue 40 dYacos,
pPacTBOPUTENIb OTIOHSIH, OCTATOK IPOMBIBAIIN
BOJIOM, Cymmin OEH30JI0M ¢ Hacaakoi [[nHa—
Crapka. ITociie ynanenus 6eH301a MOTYYSHHBIH
MPOIYKT JBaXAbl MEPETOHSIN B Bakyyme (5—7
MM pT.cT.). Beixog — 31 %, T.xumn. — 243-250
°cC. Crextp SIMP 'H (200 MTI'; IMCO-ds), 9,
m.a.: 0.80-0.90 (T, 3H), 1.10-1.35 (m, 26 H), 0-
1.75 (m, 2H), 3.90 — 4.00 (T, 2H), 6.85 (c, 1H),
7.15 (c, 1H), 7.60 (c, 1H).

Hatineno, %: C 77.93, H 12.48, N 9.61.
Ci9H3sN2.  Brrumcneno, %: C 78.02, H
12.41, N 9.58.

1,3-Huxnopayemoxcum. Cmecwr 0.05 moinb
1,3-nuxnoparierona, 0.1 Mons THAPOXTIOpPHUIA THI-
poKCcWIaMuHa, 25 MJI 3TaHOJIa U 2.5 MJI BOABI
KUMIATUIN B TedyeHue 8 yacos. [locie oxmaxnie-
HUSl CMeCh BbUIMBANU B 50 MII BOJBI U SKCTparu-
poBasii 00pa30BABIIMICS MPOAYKT XJIOPUCTHIM
METHUJICHOM, KOTOPBIN OTIENSIIN, CYUIMIN CYJIb-
dbaToM MarHus u ynapuBaliu aocyxa. Beixoq —
62 %, np> = 1.5041. Crexrp SIMP *H (CDCls),
o, m.a.: 4.29 (2H, ¢, CHy), 4.41 (2H, ¢, CHy),

7.91 (1 H, ¢, yur., N-OH).

Haiineno, %: C 25.40; H 3.52; Cl 49.91;
N 9.89. C3H5CI>NO. Breruucaeno, %: C 25.38; H
3.55; CI149.94; N 9.86.

1-/lumemun-2-(cuopoxcuumuronponui)-
amun. PactBop 0.09 monp 1-xnopanerokcuma B
20 mut sranona u 50 mi 40 %-ro BogHOTO pac-
TBOpa IUMETHJIAMHHA HArpeBajd B T€PMETUYHO
3aKphITOM cocyae npu 60 °C B Teuenue 24 ua-
coB. Ilocie oxnakaeHHs pPEaKIUOHHYIO Maccy
JBAX/Ibl SKCTPArupoOBaJId AUITUIOBBIM 3(hUpOM.
OObenuHeHHbIe 3(DUPHBIE BBITSHKKU CYLIHIIU CY-
abdaToM HaTpus, mocie 4yero 3hup yaausiiu, a
OCTaTOK KPUCTAJUTM30BAIM U3 MeTaHoJa. Brixos
57 %. Crmektp SIMP 'H, &, m.a.: 1.74 ¢ (3H,
CHj3), 2.09 ¢ (6H, 2 CH3), 2.83 ¢ (2H, CHy),
10.50 ¢ (1H, N-OH).

Haiigeno, %: C 52.07; H 10.87; N 23.94.
CsH1oN20O. Brruaucaeno, %: C 51.70; H 10.41; N
24.12.

1-Memun-2-(eudpoxcuumurnomemun)umuo-
aszon. PactBop 0.055 Monb rugpokcuaa Kaiaus B
10 M meTanona gobaBisu k cycrensuu 0.055
MOJIb THJIPOXJIOpHUJA TUApoKcuiaamMuHa B 10 M
ropstuero (~ 60 OC) MeTtaHoma. Cmech mepeme-
mmBaau 40 MuH U otduibTpoBbBasK. K momy-
YEHHOMY pacTBOpy moOaBisiam pactBop 0.05
MOJIb 1-MeTHII-2-UMHIa30JIKapOOKCaIbeTHAA B
10 M MeTaHONa W BBIIEpKUBaNU 4 dYaca mpu
KOMHATHOM TeMIeparype, Mociie 4ero pacTBOpH-
TeNb yHapuBajM J0CyXa, OCTATOK KPHUCTAJLIH30-
BaJIM U3 M3omponanoia. Berxon — 85 %, T.mut. 154
~155 °C. Cnektp SIMP 'H, &, m.11.: 3,81 3 H, c,
CHs3); 7.02 (1 H, ¢, CHapow); 7.29 (1 H, ¢, CHapon);
8.07 (1 H, ¢, CH=N); 11.59 (1 H, ¢, N-OH).

Haiineno, %: C 48.01; H 5.63; N 33.56.
CsH7N3O. Brruncneno, %: C 47.99; H 5.64; N
33.58.

Cunmes umuoaszonueevix IIAB
U UX HEMUUETLI000pPA3YIOUUX AHA0208

[Tonyuenne ¢GyHKIMOHATM3UPOBAHHBIX OK-
CUMHOM rpynnoi nmMuasonueBbix [TAB npoBo-
UM IIyTEM B3aUMOJCUCTBUS Ppa3JIMYHBIX all-
KWJIMMHUZIA30JI0B € XJIOPALETAIbJOKCUMOM B arie-
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TOHUTPUIIC WM aueToHe. B apyrux ciydasix uc-
MOJIB30BAJIM XJIOPALIETOH, KOTOPBIM aJIKUIUPO-
BaJIM OJMH W3 aTOMOB a30Ta reTepoIMKia, a 3a-
TE€M IIPOBOMIN PEAKIIMIO OKCOTPYIIIBI C THJIPO-
KCUJIAaMUHOM, TIOJy4yasi COOTBETCTBYIOILIUE IIe-
aeBble mponyktel [12-14]. Beime npuBencHa
o01mas cxema moJiy4eHus: UMu1a30ueBbix [T1AB
U Jajiee PacCMOTPEHbI KOHKPETHBIE METOJIUKHU
X CHHTE3a.
1-Memun-3-(2-2uopoxcuumunosmun)-umuo-
azonutt xnopuo (1). PactBop 0.125 monp N-me-
TUauMAa301a B 50 M alleTOHUTPHIIA TPU OX-
naxjeHuu (He Bbime 30 0C) U NIepeMENINBaHNN
npukaneiBaiu k pactBopy 0.15 mons xjop-
aneranbaokcuma B 100 mi anieToHUTpuiIa B Te-
yenue 30 muH. [lanee nepememiuBaHue Mpo-
Joipkanu B TedeHue 12 gacoB. IlomydeHHBIN
0CaJIoK OT(UIBTPOBBIBAIM, MPOMBIBAIN aIleTO-
HuTpwiIoM (20 wmi), OUATHIOBBIM 3dupom (60
M) 1 usomnpomanoiaom (150 mur). Cymmnu B Ba-
KyyMm-3kcukarope. Boxon 75 %. Ty, 178-180 oc.
Crextp SIMP H (200 MTI';; IMCO-dg), 8, M.x.:
3.90 (¢, 3H), 5.05-5.10 (m, 2H), 7.50-7.55 (T,
1H), 7.80 (c, 2H), 9.55 (c, 1H), 11.40 (c, 1H).
Haiineno, %: C 41.15; H 5.81; N 23.85.
CeH10CIN3O. Berumciiero, %: C 41.03; H5.74; 23.93.
1-I"excadeyun-3-(2-eudpoxcuumurosmun)-
umuoaszonutixaopuo (la). Pacteop 0.16 monb N-
nernnumuaasona B 100 mu 3TaHona npu oxJiax-
neHun (He Bbime 30 0C) U IepeMelIMBaHUuN
npukanbiBaiu K pacteopy 0.18 Monb xjopare-
TanbaokcuMa B 50 mMi 3TaHoNa B TeueHue | yaca.
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PeakimoHHy 0 cMeCh OCTaBIISUTA Ha J[BA JHS MPH
KOMHaTHOU Temmeparype. OOpa3oBaBIIniics oca-
JIOK OT(OHIIBTPOBBIBAIIN, TIPOMBIBAIA TPHKIIBI JTH-
STHIIOBBIM 3GUPOM HOpHUSAMH 10 50 M, cymiu-
oM B BakyyM-skcukatope. Beixom 47 %, Ty
160-162 °cC. Cnextp SAMP ' (200 MTI'm;
JIMCO-dg), 6, m.a.: 0.80-0.95 (t, 3H), 1.10-
1.35 (m, 26 H), 1.70-1.85 (m, 2H), 4.15-4.25 (T,
2H), 5.00-5.10 (x, 2H), 7.55-7.65 (1, 1H), 7.80
(c, 1H), 7.85 (c, 1H), 9.45 (c, 1H), 11.40 (c, 1H).

Haiineno, %: C 65.39; H 10.41; N 10.87.
C21N40CIN3O. Brruncieno, %: C 65.34; H 10.45;
N 10.89.

1,2-/lumemun-3-(2-eudpokcuumurnonpo-
nun)-umuoazonui xaopuo (11). Cmecy 0.027 monb
xaopanerona u 0.027 moinp 1,2-guMeTUNIMMUA-
azona B 50 My MeTaHoOIa KUMNSTHIA B TCUCHHE
15 yacoB. 3aTeM pacTBOpPHUTENb yMapHUBaIU [0
o0wvéma 20 mui. K noiyyeHHOMY pacTBOpy IpH-
KaIbIBAIM B TeYCHHE | yaca 3KBUMOJIIPHOE KO-
JUYECTBO PAaCTBOPA THIPOKCHIAMHUHA B METAHO-
Jie, KOTOPBIH OBUT TPEABAPUTEIILHO MPUTOTOBIICH
U3 THJIPOXJIOPHJIA THUIPOKCUIIAMIHA U METHJIaTa
HATpUs B MeTaHoje. PeaklMOHHYIO cMech OcC-
TaBJISUTM Ha J[BA JTHS P KOMHATHOW TemIepa-
Type, mociie 4ero GuiIbTpoBasId, (DUIBTPAT yIia-
pHUBAJH, TIOJYYEHHBIH OCAJI0K MPOMBIBAINA TOPSI-
YUM  AllCTOHUTPHJIOM, CYIIHJIA B BaKyyM-
skcrkartope. Beixox 49 %. Ty, 230-232 °C.
Crextp SIMP n (200 MTI'; IMCO-dg), 8, m.1.:
1.80 (c, 3H), 2.55 (c, 3H), 3.80 (c, 3H), 5.05 (c,
2H), 7.75 (¢, 2H), 11.15 (c, 1H).
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Hatineno, %: C 47.14, H 6.97; N 20.65.
CgH14CIN3O. Bpruucieno, %: C 47.17; H 6.93;
N 20.63.

1-I'excadeyun-2-memun-3-(2-euopoxkcuumu-
Honponun)umudazoaut xaopud (11a). PactBop
0.039 monp xmopanerona u 0.039 mons 1-1e-
TUi-2-metunumuaasona B 300 M Toiyona Ku-
IATUIM B TedyeHue 3 cyTok. Jlamee pacTBopu-
TeNb yHmapuBald U OOpPa30BaBIIYIOCS MAaCISHH-
CTYI0 KMJIKOCThb pacTBOpsUid B 50 MJI MeTaHOJIA.
K stomy pactBopy B TedeHue 1 yaca mpHKambl-
BaJIM SKBUMOJISIPHOE KOJIMYECTBO PACTBOPA THJI-
pPOKCHIIaMUHA B METaHOJIE, KOTOPBIN ObLT Mpe-
BapUTEIILHO TIPUTOTOBIICH M3 THIPOXJIOPUIA THII-
pOKCHJIaMHUHA W MeTwiaTa Hatpus B 40 Mu1 me-
TaHOJIa. 3aTeM CMECh OCTaBIISUIM Ha CYTKH, IO-
cJie yero Kunatwin B Tedenue 10—15 muH ¢ ak-
TUBHUPOBAHHBIM yTJIeM, GUIBTPOBAIHN, (DUILTPAT
yHapyBaJiv, TOJYYEHHBIH OCaJ0K KPUCTAILIIH30-
Banu u3 50 MJI alleTOHUTPUIIA, CYIIMIU B BaKy-
yM-akcukaTope. Beixox 42 %. Ty, 195-198 ocC,
Cnextp SIMP 'H (200 MI'w; IMCO-dg), 8, M.1.:
0.80-0.95 (1, 3H), 1.10-1.35 (M, 26H), 1.65—
1.80 (m, 2H), 1.85 (c,3H), 2.60-2.65 (c, 3H),
4.15-4.25 (1, 2H), 5.00-5.05 (¢, 2H), 7.70-7.80
(c, 2H), 11.05 (c, 1H).

Haiineno, %: C 66.73; H 10.68; N 10.19.
C23H44CIN3O. Boruucieno, %: C 66.71; H 10.71;
N 10.15.

1-Jlooeyun-3-(2-eudpoxcuumunonponu)-
umuoazoauu xaopuo (1), Ty, 125-126 oC.
Cnextp SIMP n (400 MTI't;; AMCO-dg), 6, m.n.:
0.82-0.86 (t, 3H), 1.15-1.35 (m, 18H), 1.70-
1.85 (M, 5H), 4.15-4.20 (1, 2H), 4.97 (c, 2H),
7.73 (c, 1H), 7.82 (¢, 1H), 9.27 (¢, 1H), 11.05—
11.25 (ymr c, 1H).

Hatineno, %: C 62.90; H 9.98; N 12.19 N.
C18H34CIN3O. Brraucieno, %: C 62.86; H 9.96;
N 12.22.
1-Tempaoeyun-3-(2-eudpoxcuumunonponun)umuo-
asonuii xnopuo (11a). Ty, 127-128 °C. Cnextp
SIMP 'H (400 MTI'; JIMCO-dg), 8, m.a.: 0.82—
0.87 (t, 3H), 1.15-1.35 (m, 22H), 1.70-1.85 (m,
5H), 4.15-4.25 (1, 2H), 4.98 (c, 2H), 7.74 (c,

1H), 7.83 (¢, 1H), 9.29 (¢, 1H), 11.05-11.25
(ymr. c, 1H).

Haiineno, %: C 64.61; H 10.32; N 11.26.
C2oH3sCIN3O. Beruucieno, %: C 64.58; H 10.30;
N 11.30.

Cunres wumupaszonueBblx [IAB IV, 1Va,
IV6, IVB mpoBoaunu myTeM B3aUMOJICHCTBUS
1-metnn-2-(ruApOKCUMMHHOMETIIT ) MMHU/1a30J1a
(cM. BBIIIE pa3fieN MOMyYeHUs KIFOYCBBIX MOJTY-
MPOJYKTOB) C TAJIOMJIHBIM AJKWUJIOM B COOTBET-
CTBHH CO CXEMOIA:

|:| ALKEr |:|
M. =M

Br

“ \E /N\+[N“ALK

HNO KNOH
1,3-/{umemun-2-(1-euopoxcuumuromemun)-
umuoazonuit uoouo (1V). Merummogua (0.032
MOJIb) 10 KaruisiM npubasiisiiiu K pactsopy 0.008
MOJIb |-MeTHII-2-(OKCUMUHOMETHII ) UMUIA30J1a B
10 My MeTaHoOJIa U BBIIEPKUBAIM 12 CyTOK TIpU
KOMHATHOU Temmeparype. [laiee pactBop yma-
puBaNM a0 o0beMa =~ 3 M, OXJIaXKJalH, BbINa-
BITUI 0CAaJOK OT(UIBTPOBBIBAIIN, MPOMBIBATU
Ha ¢uibTpe 0.5 MIT OXJIaXKIEHHOTO METaHoJa, a
3arem 1.5 mu aneronutpuna. Bexog 80 %, Ty,
221°C (pasi.). Crextp SIMP 'H, §, m.n1.: 3.92
(6H, ¢, 2CHs3), 7.80 (2H, ¢, 2CHgpou), 8.52 (1H,
¢, CH=N); 13.0 (1H, ¢, N-OH).

Haiineno, %: C 26.97; H 3.79; N 15.71.
C6H10|N30. BBIqHCHCHO, %: C 2698, H 3.77;
N 15.73.

1-Memun-3-0o0eyun-2-(cuopokcuumurome-
mun)umudazonuti 6pomud (1Va). Beixom 65 %.
Ty 162-163 °C. Cmextp SIMP 'H, &, m.1. (J,
I'm): 0.84 (3H, T, J = 6.8, CH3); 1.18-1.31 (18H,
M, (CHy)g); 1.65-1.76 (2H, m, CHy); 3.91 (3H,
¢, CHs); 4.30 (2H,1,J =7.3, CHoN"); 7.86 (1H,
¢, CHapow); 7.90 (1H, c, CHypon); 8.55 (1H, c,
CH=N); 13.00 (1H, ¢, N-OH).

Haiineno, %: C 54.51; H 8.63; N 11.19.
CﬂngBrNgo. Brraucneno, %: C 54.54: H 862,
N 11.22.

1-Memun-3-mempaodeyun-2-(euopoxcuumu-

H
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cl NH,OH. Hel &

. - KIiNOH
KECI el

Homemun)umuoazonutl opomud (IV0). Beixon
60 %. Ty, 175-176 °C. Criextp SIMP 'H, 8, m.11.
(J, T'm): 0.84 (3H, 1, J=6.8, CH3); 1.18-1.31
(22H, M, (CHz)ll); 1.65-1.77 (2H, M, CHZ); 3.90
(3H, ¢, CH3); 4.29 (2H, 1, J = 7.3, CH,N"); 7.81
(1 H, ¢, CHapow); 7.86 (1H, ¢, CHapon); 8.53 (1H,
¢, CH=N); 13.03 (1H, ¢, N-OH).

Haiineno, %: C 56.69; H 9.05; N 10.42.
C19H36BrN3zO. Brruucaeno, %: C 56.71; H 9.02;
N 10.44.

1-Memun-3-2excadeyun-2-(cudpoxcuumu-
Homemun)umuoazonuti 6pomud (IVB). I'ekca-
nermiopomus (0.016 Moilb) TOCTENEHHO TPH-
OaBisit kK pactBopy 0.008 monp  1-meTmin-2-
(OKCUMUHOMETHIT)MMH/1a30J1a B 15 M1 anieToHu-
Tpuna. CMeCh KHUISITUIM B T€UEHHE 85 4acos,
3aTeM PacTBOP yHapuBaiu 10 o0beMa =~ § M,
OXJIQX/IaJIM, BBITIABIIUN OCAJ0K OTMAETSUIH IICH-
tpudyrupoBanuem. [lomydeHHBIH NPOAYKT TpH-
Kbl TIPOMBIBATIM H-T€KCAaHOM ToprusamMu 1o 20
MJI, a 3aTe€M JBaXK/bl KPUCTAJTU30BAIM U3 alle-
toutpuna. Beixox 67 %, Ty, 174.5-175.5 oC.
Crnektp SAMP H, 5, m.n. (J, T'): 0.84 (3H, T,
J=6.8, CH3); 1.18-1.31 (26H, m, (CHy)13); 1.71
(2H, M, CHy); 3.92 (3H, ¢, CHg); 4.31 (2H, T, J
=7.3, CHaN"); 7.86 (1H, ¢, CHapov); 7.89 (1H, c,
CHapow); 8.55 (1H, ¢, CH=N); 12.99 (1H, ¢, N-OH).

Haiineno, %: C 58.60; H 9.39; N 9.74.
C21H4oBrN30. Brraucneno, %: C 5859, H 937,
N 9.76.

Cunres (cxeMa mpejcTaBjcHa BbIIIE) -
MepHbIX (QyHKIHOHanu3upoBaHHbIX [TAB V, Va
MIPOBOJIMJIM TIYTEM B3aMMOJICHCTBUS JTUXJIOpalie-
TOKCHMA, TIPEIBAPUTENHHO MOIyYEHHOTO U3 -

O =y NOH = °F

MY M.
U TCH,

NOH cr
S
CipHas - CiHas

XJIOpAIeTOHA U TUIPOKCUIIAMHHA, C JIBOWHBIM MO-
JBHBIM KOJIMYECTBOM ATKWJIMMHIA30J1A.
3,3"-[2-(cuopoxcuumuno)nponan-1,1°’-6uc-

memunumuoazonuti ouxaopuo (V). Pactop 0.014
Mouib 1,3-nuxnopanerokcuma B 10 mit TeTparu-
podypana (TT'®) nmpunmBanu mopuusiMu K pac-
tBOpY 0.025 ™Mosp 1-meTnnumua-aszona B 10 mu
TOTO K€ PacTBOpUTENs. PeaknmoHHYyr0 Maccy BbI-
nepxkuBany 15 gacos mpu 5-10 °C, a 3areM BbI-
MaBIINEe KPUCTAIUTBI OT(QWIBTPOBBIBATIN U IIPO-
MeBan TI'®. Brixon 50 %, T, 221-222 °C
(pasn.). Crextp SIMP 'H (AIMCO-dg), 5, M.x.:
3.88 ¢ (6H, 2CH3), 5.15 ¢ (2H, CHy), 5.24 ¢ (2H,
CHy), 7.72 ¢ (2Hapom), 7.73 ¢ (1Hapow), 7.76 ¢
(1Hapom), 929 ¢ (1Hapom), 9.35 ¢ (1Hapow.), 12.23
¢ (1H, NOH).

Haiineno, %: C 43.12; H 5.58; Cl 23.19; N
22.90. C11H17CI,NsO. Beruucneno, %: C 43.15;
H 5.60; Cl 23.16; N 22.87.

3,3"-[2-(cuopokcuumuno)nponan-1,1’-o6uc-
oooeyunumuoazonui ouxaopuo (Va). Pactsop
0.007 monb 1,3-nuxnopaneroxkcuma B 10 mut are-
TOHUTPUJIA TPUIUBAIH MOPLHUSIMU B TEUCHHE 5
yacoB K pactBopy 0.014 monb 1-gomenunumu-
azona B 10 Ma toro ke pactBopurens. Peak-
LIMOHHYIO Maccy BblaepxkuBain 20 yacoB mpu 5—
10 °C, a 3areMm BbINMaBIINE KPUCTAILIBI OT(HUIIB-
TPOBBIBAIA U TIPOMBIBAITM AlETOHUTPUIIOM. BbI-
xon 98 %, T, 186-190 °C (pasn.). Crmektp
SMP 'H (CDCls), 8, m.x.: 0.88 T (6H, 2CHs, J
6.7 T'm), 1.20-1.44 m [36H, 2 (CH2)9], 1.84-1.98
M (4H, 2CH,), 4.18-4.27 m [4H, 2 (CH:N")],
5.43 ¢ (2H, CH3N"), 5.62 ¢ (2H, CH,N"), 7.33 ¢
(IHapowm), 7.54 € (1Hapow), 7.87 € (1Hapom), 8.05 C
(1Hapowm), 10.07 ¢ (IHapowm), 10.14 € (1Hapow).
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Haiineno, %: C 64.45; H 10.02; Cl 11.51;
N 11.38. C33H51C|2N5O. BI)I‘{I/ICJ'IGHO, %: C
64.47; H 10.00; CI 11.53; N 11.39.

Cunme3 2u0pOKCUUMUHOANKUII-
1-ankunnupuounuit 2anozenudos

CuHTe3 (QYHKUMOHAIM3UPOBAHHBIX OKCH-
MHOM rpynnod nupuauHueBslx [IAB nmposoan-
JM peaklyel pa3InyHbIX OKCO3aMELIEHHBIX ITH-
pPUAMHA C TUIPOKCUIIAMUHOM, a 3aTEM IOJIy4EH-
Hbl€ T'MIPOKCUMMHWHOAIKWINAPUAUHBI TOABEP-
rajluch B3aUMOJIEUCTBUIO C COOTBETCTBYIOLIUMU
raJionHeIMKU ankuiamu [15, 16]. Huxe npuse-
JIeHbI 00111as cXeMa MOIyYeHUsS MUPUIUHUEBBIX
ITAB ¥ KOHKpETHbIE METOJMKHM HX CHHTE3A.

R

3
‘/&NOH
(]

R
‘/KO
(j MHOH j
—_—
N/ N/

R=H,CHs

Obwas memoouxka cuHmesa SUOPOKCUUMU-
HOAIKUINUPUOUHO8. PacTBOp THIIPOKCHUIAMHHA B
MmeTaHose (1.1-kpaTHbIf MOJIBHBIM M30BITOK), KO-
TOPBIH OBLT IPUTOTOBJIEH U3 THAPOXIOPHUAA THI-
pPOKCHJIaMUHA W METWJIaTa HATPHsl, TPUOABIISLITN
K PacTBOPY COOTBETCTBYIOIIETO OKCO3aMEIICH-
HOTO TIMPHIMHA B MeTaHOJIe. PeakimoHHyIo cMech
BbIIep)KUBaNIK B TeueHue 30 yacoB pU KOMHAT-
HOW TeMmmepaType, IOCIe STOr0 PaCTBOPHUTENb
yHapHuBajd, a MOyYEHHBIH 0CaOK KPUCTAIIIU30-
BaIM M3 OEH30Ia.

Obwas memoouka cunme3a 2UOPOKCUUMU-
noankun-1-memunnupudunuii. uodudos. Vomuc-
Thiid MeTui (1.3 MONBHBIA M30BITOK) MPUOABIIS-
J¥ TIPU TIEpEMEIIUBAaHUN K PacTBOPY COOTBETC-
TBYIOIIETO OKCHMUHOQIKUIMUPUINHA B METa-
HoJe. CMeCh BBIICPKHUBATIH TPU KOMHATHOW TeM-

100

R
(\/gNOH
.
T
CH

R
E/
\"‘zfm_‘ %NDH

C1BH33

neparype B TeueHue 80 4acoB, 3aT€M PEaKIMOH-
HYIO0 CMECh YMapUBAIH W IOJYYCHHBIH 0CaoK
MPOMBIBAJIA TOPSIYUM OCH30JIOM M HEOOJIBIITUM
KOJMYECTBOM OXJIAXKIACHHOTO H30IMPOIUIOBO-
ro crupra.

Obwasn memoouxa cunmesa 2UOPOKCUUMU-
Hoankun-1-eexcadeyunnupuounuii 6pomudos. Co-
OTBETCTBYIOIIUI OKCUMUHOQIKHWITHPUIAH KU-
MATAIU B alETOHUTpuUiie ¢ 1.2-KpaTHBIM MOJIb-
HBIM H30BITOM OpOMHCTOTO IeTHia TeueHue 40
4acoB. 3aTeM PEaKkIMOHHYIO CMECh OXJIaXKIAlu,
BBINABIINIA OCaJI0K OT(QHIBTPOBBIBAIA M IIPO-
MBIBAJIH HEOOJIBIIIMM KOJIMIESCTBOM OXJIAKICHHO-
ro ameroHutpuia. llosydeHHbId NPOAYKT pac-
TBOPSUTA B METAHOJIC, KHITATUIN C aKTUBUPOBAH-
HBIM YIJIEM, TOcTie 4ero (puiabTpoBaiy,
3aTteM (u-1bTpar ynapuBam. Dusmko-
XAMHYECKUE XapPAKTEPUCTHKH ITOTYYCH-
HBIX COCJIUHE-HUN TIPUBEIICHBI HUXKE.

1-Memun-3-(1-eudpoxcuumuromemu)-
nupuounuii uooud (V1). T 150-152 °C.
Cnextp SIMP 'H (200 MI'r; JMCO-
ds), 0, m.1.: 4.60 (c, 3H), 8.15 —8.20 (M,
1H) 8.35 (c, 1H), 8.75 (a, 1H), 9.07 (x,
1H), 12.30 (c, 1H).

Hatineno, %: C 31.82; H 3.41; N
10.63. C;HgIN,O. Brruuciaeno, %:. C
31.84; H 3.44; N 10.61.
1-Memun-3-(1-eudpoxcuumurnosmun)-nupuounuti
uoouo (VI). T,y 210-212 °C. Crmexrp SIMP ‘H
(400 MI'; AMCO-dg), 6, m.a.: 2.25 (c, 3H),
4.38 (c, 3H), 8.10-8.15 (1, 1H), 8.72-8.74 (nm,
1H), 8.95-8.97 (1, 1H), 9.18 (c, 1H), 12.10 (c, 1H).

Haiineno, %: C 34.59; H 4.02; N 10.12.
CgH11IN,O. Brruncaeno, %: C 34.55; H 3.99;
N 10.08.

1-Memun-4(1-2udpoxcuumunomemun)nu-
pudunuti uooud (V). Ty 175-177 °C. Crexrp
SIMP *H (200 MI'ri; IMCO-dg), 8, m.xi.; 4.55 (c,
3H), 8.25-8.30 (1, 2H), 8.45 (c, 1H), 8.90-8.95
(m, 2H), 12.40 (c, 1H).

Haiineno, %: C 31.86; H 3.48; N 10.64.
C7HgIN>O. Brraucneno, %: C 31.84; H 3.44;
N 10.61.

ISSN 0041-6045. YKP . XIM . XXYPH ., 2019, 1. 85, Ne 8



Cunmes ynxyuonanusuposanuvix oxcumuvimu epynnamu IIAB na ocnoge umuodazona ...

1-Memun-4-(1-eudpoxcuumunosmun) nupu-
Ounuii uoouo (1X). Ty, 181-183 °C. Criexrp SIMP
'H (400 MI';; IMCO-de), 8, m.ii.: 2.24 (c, 3H),
4.32 (c, 3H), 8.26-8.28 (u, 2H), 8.92-8.94 (x,
2H), 12.60 (c, 1H).

Haiineno, %: C 34.57; H 4.03; N 10.03.
CgH11IN,O. Brruucneno, %: C 34.55; H 3.99;
N 10.08.

1-I'excaoeyun-3-(1-euopoxcuumuromemu)-
nupuounuti 6pomud (X). Ty 139-142 °C. Crextp
SAMP 'H (200 MI'y; IMCO-dg), 8, m.a.: 0.85—
0.95 (t, 3H), 1.05-1.20 (M, 26H), 1.85-2.00 (M,
2H), 4.60-4.70 (T, 2H), 8.10-8.20 (T, 1H), 8.30
(c, 1H), 8.70-8.75 (a, 1H), 9.10-9.15 (a, 1H),
9.35 (¢, 1H), 12.10-12.25 (ym1. ¢, 1H).

Haiineno, %: C 61.85; H 10.41; N 6.52.
CxoH39BrN,O. Brruucneno, %: C 61.81; H
10.38; N 6.55.

1-I'excaoeyun-3-(1-euopoxkcuumunosmun)-
nupuounuii 6pomud  (XI1). Tn 134-137 °C.
Cnextp SIMP " (400 MI';; IMCO-dg), 0, m.n.:
0.80-0.85 (t, 3H), 1.15-1.30 (m, 26H), 1.85-
1.95 (M, 2H), 2.25 (¢, 3H), 4.60—4.70 (1, 2H),
8.10-8.15 (t, 1H), 8.75-8.80 (x, 1H), 9.05-9.10
(m, 1H), 9.30 (c, 1H), 12.10 (c, 1H).

Haiineno, %: C 62.62; H 9.41; N 6.39.
C23H41BrN,O. Bemaucieno, %: C 62.57; H 9.36;
N 6.35.

1-I'excaoeyun-4-(1-euopoxcuumuromemun)-
nupuounuti 6pomud (XI). Ty, 124-127 °C. Criextp
SMP 'H (200 MI'; IMCO-dg), 8, m.a.: 0.85—
0.95 (1, 3H), 1.00-1.10 (m, 2H), 1.1-1.35 (m,
22H), 1.80-2.00 (M, 2H), 3.35-3.50 (m, 2H),
4.50-4.70 (t, 2H), 8.15-8.25 (1, 2H), 8.40 (c,
1H), 9.05-9.15 (1, 2H), 12.80 (c, 1H).

Haiineno, %: C 61.79; H 10.40; N 6.58.
CooH39BrN,O. Beruucneno, %: C 61.81; H
10.38; N 6.55.

1-I'excaoeyun-4-(1-euopokcuumunosmui)-
nupuounuii 6pomud  (XII). Ty, 125-128 °C.
Cnektp SIMP 'H (200 MI';; IMCO-dg), 0, m.n.:
0.80-0.90 (t, 3H), 1.15-1.40 (m, 24H), 1.80-
2.00 (M, 2H), 2.25 (¢, 3H), 3.10-3.20 (M, 2H),
4.60-4.75 (1, 2H), 8.25-8.35 (u, 2H), 9.10-9.20
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(m, 2H), 12.60 (c, 1H).

Haiigeno, %: C 62.51; H 9.39: N 6.31.
Cx3H41BrN,0O. Beraucieno, %: C 62.57; H 9.36;
N 6.35.

Cunmes ZMOPOKC‘MMMMHOMKMJI-
NONUATKUTIAMMOHUIL 2A71026HUO008

Cunrte3 terpaankmiamMmmonreBbix [1AB 06-
meid gopmynsl XIV mpoBonwin B3aumoeii-
cTBHEM |-TuMeTHII-2-(OKCHMHHOIIPOIIII)aMUHA
(cM. BbIIIE pa3fien MOJyYeHHs KIFOYEBbIX MOTy-
NPOJYKTOB) C TAJIOWIHBIM AJIKUJIOM B COOTBET-
CTBHUHU CO CXEMOM:

HyC |
NOH NH
H,C
—_—
o’ Ch,

CH, GHi  CigHugBr CHy G Br

I -
_hHSC“'“N NOH—:F 3 h MOH

C12Hﬁ

[TepBoHavyabHO, MPU MONyYeHUH 1-THMe-
TUII-1- 10 ae1T-2- (TH P OKCHUMHIHOIIPOITIIT ) aMMO-
HUM OpoMuaa UCXOaWiIH U3 l-xmopaimerokcuma
n 1,1-qumernn-1-goaenuaaMuia, HO BBIACIHATH
[IEJIEBOM MPOIYKT C HEOOXOIUMON YUCTOTOU HE
yaanoch. [loaromy OblT BBIOpaH Apyrol myTh
CUHTE3a, CBSA3aHHBIN C IMOCIIEIOBATEIBHBIM all-
KHPOBaHHEM 1-XJIOpAlleTOKCHMA JTUMETHIIAMH-
HOM U jgojernopomuioM. Takke okazanach He-
YIQ4HOM U TIOTNBITKA MPUMEHHUTH YKa3aHHBIH CIT0-
co0 s moyuenus 1,1'-(2-ruapoKCUIMMUHO)IIPO-
man-1,1'-0uc-muMeTHIAOAE NI JUAMMOHHMKI TH-
xnopuna. Ilo nanueiM [IMP-criekTpockonuu, ObI-
J1a BBIJIEJIEHA CMECh MPOYKTOB PA3IMYHOIO CTPO-
enus. [loaTtomy ObUT MCTIONB30BaH METOJ| B3au-
MojercTBusa 1,3-nuxnopanerokcuma ¢ 1,1-nu-
METWI-1-ToIeMIaMIHHOM, YTO JIal0 TOJIOXKHU-
TeNbHBIN pesynbTar [17].

1-Jfumemun-1-0odeyun-2-(cuopoxcuumuro-
nponun)ammonutt 6pomud (XIV). DMynbcuro
0.009 monps noneuunopomusa B 20 Mt 3TaHo-
na npobapisin moprmsMu K pactsopy 0.009
MOJIb 1-muMeTHI-2-(OKCUMHUHOTIPOIINIT )-aMHHA
B 20 MJ 3TaHOJIa TP KOMHATHOM TeMIiepary-
pe. CMmech HarpeBajiu B TEPMETHYHO 3aKPHITOM
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cocyze npu 65 °C B TeueHue 48 uacos, mocie
Yero pacTBOpUTENb ymapuBaiu. OCTaTOK KpH-
cTaJuM30BaiiM u3 aueroHa. Beixon 24 %, T
104-106 °C. Crextp SIMP 'H, 8, m.1. (J, T):
0.85 T (3H, CH3, J6.7), 1.19-1.33 m (18H,
(CHy)o), 1.65-1.75 m (2H, CHy), 1.96 ¢ (3H,
CHs), 3.03 ¢ (6H, 2 CH3), 3.24-3.30 m (2H,
CH>-N"), 4.07 ¢ (2H, CH>-N"), 11.77 ¢ (1H,
N-OH).

Haiineno, %: C 56.10; H 10.77; Br 21.51;
N 7.39. C17H37NQOBI'. Brruncneno, %: C 5588,
H 10.21; Br21.87; N 7.67.

Humepnsiii [IAB Ha ocHOBe TeTpaankui-
aMMOHHUs Toiydanu [17] myTeM B3auMOIEUCT-
BUs 1,3-TUXIIOpAIETOKCHMA C JIBOMHBIM MOJIBHBIM
u30bITKOM 1,1-IMMeTHIaNKUIaMUHa B CIIUPTE B
COOTBETCTBHH C IMPUBEICHHON HIKE CXEMOMU:

CigHpsBr  H,C
HH ————= 2
H,C H,C
Cl B - -
NOH r Br
Kf Heoo 9 OH
cl N t){j N—CH
— = H,C7 . 3
CyaHzs CraMzs

H,C

,N _C1EH25 — -

1,1'-(2-2uopoxcuumuno)nponan-1,1'-6uc-
oumemunoodeyun ouammornuil ouxiopuo (XV).
Cwmech 0.0019 monb 1,3-muxnopanerokcuma, 0.038
Moib 1,1-mumetungonempiamuna 1 10 M1 abco-
JFOTHOTO 3THJIOBOTO CIMPTa HArpeBaJid B TepMe-
THIHO 3aKpEIToM cocyse mpr 90 °C B TeueHue 48
gacoB. [locie oxiakaeHus peaKkIMOHHOW cMech
BBIMABIINE KPUCTAIUTBI OT(HUIBTPOBBIBATIM M TIPO-
MBIBJTI MHUHUMAJIBHBIM KOJMUYECTBOM a0COJIOT-
HOTO ATHiIOBOro cnmprta. Bexox 70 %, T, 142-
144 °C. Crextp SIMP 'H, 8, m.a. (J, ['m): 0.85 T
(6H, 2 CH3, J=6.7), 1.25 m (36H, 2(CH,)o), 1.67
—1.77 m (4H, 2CH,), 3.09 ¢ (12H, 4CH3), 3.31-
3.40 m (4H, 2CH,-N"), 4.29 ¢ (2H, CH,-N"), 4.35
¢ (2H, CH>-N"), 13.52 ¢ (1H, N-OH).

Haiineno, %: C65.35; H 11.68; Cl 12.58;
N 7.45. C3;Hg;CloN3O. Beruucieno, %: C 65.46;
H 11.87; Cl 12.46; N 7.39.

BAIBO/]bI. TlpuBeneHHbIE HAMU IKCIEPU-
MEHTAJIbHBIE JaHHBIE TI0 CHHTE3Y Pa3IHYHbIX 110
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CTPYKTYpe (PYHKIIMOHAIU3UPOBAHHBIX OKCUM-
Hoi rpynmnoii [TAB naroT BO3MOXXHOCTH MOIYy-
4aTh LEIYI0 CEPUI0 MOHOMEPHBIX M JAMMEPHBIX
IPOAYKTOB, PAa3IMYaAIOUINXCS MPUPOJON TOJIOB-
HOM TpYIIIbI, Pa3BETBICHHOCTHIO AJIKUIIbHBIX 3a-
MECTUTEICH Y TUIIOM IPOTUBOHMOHA. OTO IO3BO-
JSET co3AaBaTh LENBIA CHEKTpP CyIpPaMOJIEKY-
JSIPHBIX CUCTEM, 00JIaJar0IINX Pa3IuYHbBIMHU (PH-
3UKO-XMMHYECKMMH CBONCTBAMH U PEAKIMOH-
HOM cnocoOHOCThI0. TakuM 00pazoM, MOTydeH-
HbIE HAMM PEe3yJIbTaThl CBUJETENBCTBYIOT O IIEP-
CHEKTUBHOCTH BBIOPAHHOTO IYTU CTPYKTYpPHOI
moaudukaruu [IAB, GpyHKIIMOHAIM3UPOBAHHBIX
OKCUMHOM I'pYIIION, U JAIOT HAIIPABJICHUE JaJlb-
HEWIIero au3aiiHa MoI00HBIX MHKPOTETEPOTeH-
HBIX CHCTEM.

CHUHTE3 ®YHKIIOHAJII30OBAHNX OKCHUMHU-
MU TI'PYITIAMU ITAP HA OCHOBI IMIZA30JIY,
MMIPUAVHY 1 AJIKUIAMIHY

0.€. Ilymeiiko™**, M.JI. Kocrpikin®, 1.B. Karira-
HoB™>, I".0. Cepmiox™*, MLL. Bypaxos’, A.®. IToros*

! Inemumym @izuxo-opeaniunoi ximii' i gyeneximii
im. JIM.Jlumeunenxa HAH Vkpainu, Xapkiscoke
woce, 50, Kuis, 02160, Vxpaina

2 Iuemumym opeaniunoi ximii HAH Ykpainu,

eyn. Mypmancoka, 5, Kuis, 02660, YVxpaina

3 [lenmp nepedosozo docsidy 6 obnacmi 3enenoi
Ximii €8poneiicbk020 00CAIOH020 NPOCOPY,
Biooinennsa ximii ma 6iomexnonoeii, haxyromem
Hayk, TanninHcoKul mexHiyHuill yHieepcumem,
Axaodemia mee, 15, Tamninn, 12618, Ecmonisn

* e-mail;__ashumeiko@ukr.net

Po3pobieno MeToau cuHTE3y cepii MOHOME-
PHHMX 1 AMMEpPHHMX IIOBEPXHEBO-aKTUBHHMX CIOJIYK,
(yHKLI0HATI30BaHMX OKCHMHOIO TPYIOIO, HA OCHOBI
iMigaszony, mipHaMHY 1 ankinamuHy. BukopucroBysa-
JIUCSL aNIKUTBHI PafiiKalld Pi3HOTO CTYTICHSI PO3Taiy-
JKEHOCTI 1 B SIKOCTi 3aMiCHHKIB TpW aTOMi a30Ty TO-
JIOBHOI IpyMH, 1 AK crieficepy NpH YTBOPEHHI JUMeEp-
HUX TPOAyKTIB. Lle 103BOJINIIO CTBOPUTH LIIME CHIEKTP
CyNpPaMOJICKYJIIPHUX CHUCTEM, IO MAIOTh Pi3Hi (i3H-
KO-XIMIYHi BJAaCTHBOCTI 1 peakuiiHy 34aTHICTb.
BnockonanaeHO METOAM OTPUMAHHS PsLy Mpo-
MDKHUX TPOAYKTIB, MEPII 32 BCe IS peaKiii aJki-
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JyBaHHS 1MiJ1a30JTy 3 BUKOPUCTaHHAM YMOB Mik{]a3-
HOTO KaTami3y — TBepaa (aza—piauHa. Meton oTpu-
MaHHs [IAP Ha OCHOBI iMiJja30Jly TOJSIraB y B3ae-
MOMIT aNKiTIMIZa30/1iB 3 XJIOPANETAThI0OKCIMOM Y
BIIITOBITHOMY PO3YHHHHUKY a00 3 XJIOPAIEeTOHOM i
HACTYITHOIO PEAKITIEI0 3 PO3YMHOM TiIPOKCHIIAMIHY.
ITpu orpumanui ITAP Ha ocHOBI mipuIUHY IPOBOAM-
JIM B3a€EMOJIII0 BiJMOBIJIHOTO OKCOBMICHOTO ITipH-
JIUHY 3 PO3YMHOM TiJPOKCHIIAMiHY 3 TTOAAIBIIO0 pe-
aKITIEI0 OJIEPKAHOTO TPOIYKTY 3 TAJIOIMHUM aJIKiIOM.
Po3pobneno Merom cuHTE3y (QYHKITIOHATI30BAaHHX
ITAP =Ha ocHOBI ami)aTHIHUX aMiHIB, A¢ IS MOHO-
MEpHHUX NPOIYKTiB 0OpaHuil UIAX, MOB'A3aHUIl 3 TO-
CIIJJOBHUM QJIKITyBaHHSIM 1-XJIOpalEeTOKCHUMY JHMe-
TUJIAMIHOM 1 JIOACUMIOPOMIZIOM, a JJIs JUMEPHUX —
OesmocepenHs B3aeMois 1,3-AUXI0paneTOKCUMY 3
1,1-mumetnn-1-noaenaMiHOM.

Cknan, cTpyKTypa i UMCTOTa OTPUMAHUX CIO-
nyk Oymu migrBepmkeHi ganmmu  SIMP-cnextpo-
CKoOTIii, TOHKOIIApOBOi XpoMaTorpadii i elreMeHTHO-
ro anamizy. IMP-cnekTpu 3amucyBain Ha TpuiIami
BRUKER Avance Il 400 (400 MI'r), B IKOCTi BHYT-
pITHBOTO CTaHmApTy BuKopucTOoBYyBaym TMC. Xpo-
Marorpadiro B TOHKOMY Iapi CHIIIKarejaro BUKOHY-
Baiau Ha maactuaax Merck SilicaGel 60 F254 (emro-
eHt — xsopodopm : metanon = 10:1).

HaBeneni HamMu maHi CBi4aTh MpoO TeEpCIEK-
THUBHICTh OOPaHOr0 NUIAXY CTPYKTYPHOI Mozudika-
uii [TAP, ¢pyHKIioHANI30BaHUX OKCUMHOIO TPYIIOIO, i
JAI0Th HANpSMOK MOJAIBLIOrO AW3aiHy HOIiOHMX
MIKpOTETEepOTEHHIX CHCTEM.

KnodoBi cuo B a: ¢dynkmionanizoani [TAP,
OKCHUMH, COIli iMiJa30iito, WipHIUHIIO, TeTpaa-
KiJIaMOHIIO.
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Methods have been developed for the synthe-
sis of a series of monomeric and dimeric surfactants
functionalized by an oxime group based on imid-
azole, pyridine and alkylamines. Alkyl radicals of
varying degrees of branching were used, both as sub-
stituents at the nitrogen atom of the head group and
as spacers in the formation of dimeric products. This
allowed to create a whole spectrum of supramo-
lecular systems with different physicochemical pro-
perties and reactivity.

Methods of obtaining a number of intermedi-
ate products were improved, primarily for the reac-
tion of the imidazole alkylation using interphase ca-
talysis conditons — solid phase-liquid. The method
of obtaining surfactants based on imidazole consisted
in the interaction of alkylimidazoles with chloro-
acetaloxime in a suitable solvent or with chloro-
acetone and subsequent reaction with a hydroxyla-
mine solution. In the preparation of pyridine-based
surfactants, the corresponding oxo-substituted pyri-
dine was reacted with a hydroxylamine solution, fol-
lowed by reaction of the obtained product with al-
kyl halide. A method has been developed for the syn-
thesis of functionalized surfactants based on alipha-
tic amines, where for monomeric products a path is
chosen that is associated with the sequential alkyla-
tion of 1-chloroacetoxime with dimethylamine and
dodecyl bromide, and for dimeric ones, the direct
interaction of 1,3-dichloroacetoxime with 1,1-dime-
thyl-1-dodecylamine.

The composition, structure and purity of the
obtained compounds were confirmed by NMR spec-
troscopy, thin-layer chromatography and elemental
analysis. NMR spectra were recorded on a BRUKER
Avance Il 400 instrument (400 MHz), TMS was
used as an internal standard. Chromatography in a
thin layer of silica gel was performed on Merck Si-
licaGel 60 F254 plates (eluent — chloroform: meth-
anol = 10:1).

The data presented by us testify to the pro-
spects of the chosen pathway for structural modifica-
tion of surfactants functionalized by the oxime group,
and give direction for the further design of such
microheterogeneous systems.

103


mailto:ashumeiko@ukr.net

A.E. UHlymeuxo, M.JI. Kocmpuxun, M.B. Kanumanos, A.A. Ceporok u oOp.

Keywords: functionalized surfactants, oximes,
salts of pyridinium imidazolium, tetraalkylammo-
nium.

JIMTEPATYPA

1. Bunton C. The dependence of micellar rate effects
upon reaction mechanism // Adv. Coll. Int. Sci. -
2006. -123. -P. 333-343.

2. Popov A. Design of green microorganized systems
for decontamination of ecotoxicants // Pure Appl.
Chem. -2008. -80, Ne 7. -P. 1381-1397.

3. Rico-Lattes 1., Perez E., Franceschi-Messant S. Orga-
nized molecular systems as reaction media // C. R.
Chimie. -2011. -14, Ne 7. -P. 700-715.

4. Singh N., Karpichev Y., Tiwari A. et al. Oxime
functionality in surfactant self-assembly: An over-
view on combating toxicity of organophosphates
/1J. Mol. Lig. -2015. -208. -P. 237-252.

5. Zakharova L., Kashapov R., Pashirova T. Self-
assembly strategy for the design of soft na-
nocontainers with controlled properties // Mende-
leev Commun. -2016. -26, Ne 6. -P. 457-468.

6. Bhattacharya S., Kumar V. Evidence of Enhanced
Reactivity of DAAP Nucleophiles toward De-
phosphorylation and Deacylation Reactions in
Cationic Gemini Micellar Media // J. Org. Chem.
-2004. -69, Ne 2. -P. 559-562.

7. Morales-Roias H., Moss R. Phosphorolytic Reac-
tivity of o-lodosylcarboxylates and Related Nu-
cleophiles // Chem. Rev. -2002. -102, Ne 7. -P.
2497-2522.

8. Zana R., Xia J. Gemeni surfactats: synthesis, inter-
facial and solution-phase behavior and appli cati-
on. -New York: Marcel Dekker, 2004.

9. Ao M., Huang P., Xu G., Yang X. Aggregation and
thermodynamic properties of ionic liquid-type ge-
mini imidazolium surfactants with different spacer
length // Colloid. Polymer. Sci. -2009. -287, Ne 4.
-P. 395-402.

10. Wettig S., Novak P., Verrall R. Thermodynamic
and Aggregation Properties of Gemini Surfac-
tants with Hydroxyl Substituted Spacers in Aqu-
eous Solution // Langmuir. -2002. -18, Ne 5. -P.
5354-5359.

11. Ao M., Xu G., Zhu., Bai Y. Synthesis and pro-

perties of ionic liquid-type Gemini imidazolium
surfactants // J. Colloid. Interface. Sci. -2008. -326,
Ne 2. -P. 490-495.

12. Caooesckuii IO., Conomounuenko T., Kanumanos H.
u Op. llepoxcuruaponns 4-HUTPODOESHUIITHII-
¢dochara B MULEIUIAPHBIX CUCTEMax Ha OCHOBE
nmuazonuessix numepHeix [TAB // Teoper. u
skcrepum. xumus. -2012. -48, Ne 2. -C. 112-118.

13. benoycosa Y., Kanumanoe HU., [lymeiiko A. u op.
Bnustnue ruapodoOHOCTH QyHKIIMOHATBHBIX Ae-
TEPTeHTOB Ha MUIIEIUIAPHBIC Y(PPEKTHI B peaKITu-
X PACIIETUICHNs SKOTOKCHKaHTOB // TeopeT. u aKc-
nepum. xumus. -2010. -46, Ne 4. -C. 218-224.

14. Kanumanos U., benoycosa U., Lllymetixo A. u
Op. CynepHyKIeOo(PIbHBIE CHCTEMBI Ha OCHOBE
¢yHkunonanuszupoBanHeix [IAB B mpomeccax
pacmieruieHnss 4-HUTpOo(hEHOIOBEIX (DHPOB KH-
ciot docdopa u cepsl. |. Peakimonnas croco6-
HOCTh THJIPOKCHUMHUHHOTO TPOU3BOJHOTO HMH-
nmazonmeBoro auMmepHoro ITAB // XKypH. opras.
xumun. -2013. -49, Ne 9. -C. 1308-1316.

15. Typosckas M., Kanumanoe U., beroycosa U. u
Op. PeaknnoHHass crocoOHOCTh MHIIEIIOO0pa-
syronux | -ankui-3-(1-0KCUMUHOITHII )-TIHPUIH-
HUIl OpOMHJIOB B MpOIIECCaX MEPEHOCA AlMIBHON
rpymmsl // Teoper. u skcnepuM. xumust. -2011. -
47, Ne 1. -C. 18-25.

16. Kanumanos H., Benoycosa U., Typosckas M. u
Op. PeakumoHHas CcHOCOOHOCTH MHILEIUISIPHBIX
CHCTEM Ha OCHOBE CYNEPHYKJICODMIBHBIX (YyHK-
nnoHanbHBIX [IAB B mporeccax mepeHoca anu-
apHOM Tpynusl // XXypH. opran. xumuu. -2012. -
48, Ne 5. -C. 655-666.

17. Ilpokonvesa T., Kanumanoe U., benoycosa U. u
Op. CynepHyKiIeopuIbHbIE CUCTEMBl HA OCHOBE
¢dynxnuonanmmsupoBanHeix [IAB B mpomeccax
pacuieryieHus: 4-HUTPOPEHONOBBIX dPUPOB KHC-
10t ¢pocdopa u cepsl. |l. Peakumonnas cmoco6-
HOCTh COMMUEJUISIPHBIX CUCTEM Ha OCHOBE (yHK-
UOHAJTM30BaHHBIX TETPAAIKUIAMMOHHEBBIX |
nmuaasonmueBbix [TAB // XKypn. opran. xumun.
-2015. -51, Ne 8.-C. 1105-1112.

REFERENCES

1. Bunton C. The dependence of micellar rate ef-
fects upon reaction mechanism. Adv. Coll. Int.
Sci. 2006. 123: 333.

104 ISSN 0041-6045. YKP . XIM . XXYPH ., 2019, 1. 85, Ne 8


https://pubs.acs.org/doi/10.1021/jo034745%2B
https://pubs.acs.org/doi/10.1021/jo034745%2B
https://pubs.acs.org/doi/10.1021/jo034745%2B
https://pubs.acs.org/doi/10.1021/jo034745%2B
https://pubs.acs.org/doi/10.1021/la011782s
https://pubs.acs.org/doi/10.1021/la011782s
https://pubs.acs.org/doi/10.1021/la011782s
https://pubs.acs.org/doi/10.1021/la011782s
https://www.sciencedirect.com/science/article/pii/S0021979708007881#!
https://www.sciencedirect.com/science/article/pii/S0021979708007881#!
https://www.sciencedirect.com/science/article/pii/S0021979708007881#!
https://www.sciencedirect.com/science/article/pii/S0021979708007881#!

Cunmes ynxyuonanusuposanuvix oxcumuvimu epynnamu IIAB na ocnoge umuodazona ...

2. Popov A. Design of green microorganized
systems for decontamination of ecotoxicants.
Pure Appl. Chem. 2008. 80 (7): 1381.

3. Rico-Lattes 1., Perez E., Franceschi-Messant S. Or-
ganized molecular systems as reaction media. C.
R. Chimie. 2011. 14 (7): 700.

4. Singh N., Karpichev Y., Tiwari A., Kuca K,
Ghosh K. Oxime functionality in surfactant self-
assembly: An overview on combating toxicity of
organophosphates. J. Mol. Lig. 2015. 208: 237.

5. Zakharova L., Kashapov R., Pashirova T. Self-
assembly strategy for the design of soft nano-
containers with controlled properties. Mendele-
ev Commun. 2016. 26 (6): 457.

6. Bhattacharya S., Kumar V. Evidence of En-
hanced Reactivity of DAAP Nucleophiles to-
ward Dephosphorylation and Deacylation Reac-
tions in Cationic Gemini Micellar Media. J. Org.
Chem. 2004. 69 (2): 559.

7. Morales—Roias., Moss R. Phosphorolytic Reacti-
vity of o-lodosylcarboxylates and Related Nucleo-
philes. Chem. Rev. 2002. -102 (7): 2497.

8. Zana R., Xia J. Gemeni surfactats: synthesis, in-
terfacial and solution-phase behavior and appli-
cations. (New York : Marcel Dekker, 2004).

9. Ao M., Huang P., Xu G., Yang X. Aggregation
and thermodynamic properties of ionic liquid-
type gemini imidazolium surfactants with differ-
ent spacer length. Colloid. Polymer. Sci. 2009.
287 (4): 395.

10. Wettig S., Novak P., Verrall R. Thermodynamic
and Aggregation Properties of Gemini Surfac-
tants with Hydroxyl Substituted Spacers in Aqu-
eous Solution. Langmuir. 2002. 18 (5): 5354.

11. Ao M., Xu G., Zhu Y., Bai Y. Synthesis and
properties of ionic liquid-type Gemini imidazo-
lium surfactants. J. Colloid. Interface. Sci. 2008.
326 (2): 490.

12. Sadovsky Yu., Solomoichenko T., Turovskaya
M., Kapitanov I., Piskunova J., Kostrikin M., Pro

13.

14.

15.

16.

17.

kop’eva T., Popov A. Kapitanov I. Peroxyhyd-
rolysis of 4-nitrophenylethyl-phosphate in mi-
cellar systems based on imid-azolium dimeric
surfactants. Teoret. and Experim. Chem. 2012.
48 (2): 112.

Belousova 1., Kapitanov I., Shumeiko A., Turov-
skaya M., Kapitanov I., Piskunova J., Kostrikin M.,
Prokop’eva T., Popov A. The Effect of Hydro-
phobicity of Functional Detergents on Micellar
Effects in Ecotoxicant Splitting Reactions. Teo-
ret. And Experim. Chem. 2010. 46 (4): 218.

Kapitanov 1., Belousova I., Shumeiko A., Kostrikin

M., Prokop’eva T., Popov A. Supernucleophilic
systems based on functionalized surfactants in
the cleavage of 4-nitrophenolic esters of phos-
phorus and sulfur acids. |. Reactivity of a hyd-
roxyimine derivative of an imidazolium dimeric
surfactant. Russ. J. Org. Chem. 2013. 49 (9): 1308.

Turovskaya M., Kapitanov 1., Belousova I., Tu-
chinskaya K., Shumeiko A., Kostrikin M., Ra-
zumova N., Prokop’eva T., Popov A. Reactivity
of micelle-forming 1-alkyl-3-(1-oximinoethyl)-
pyridinium bromides in the transfer of an acyl
group. Teor. and Experim. Chem. 2011. 47 (1): 18.

Kapitanov, 1., Belousova, 1., Turovskaya, M., Kar-
pichev E., Prokop’eva T., Popov A. Reactivity
of Micellar Systems Based on Supernucleo-
philic Functional Surfactants in Acyl Group
Transfer Processes. Russ. J. Org. Chem. 2012.
48 (5): 655.

Prokopyeva T., Kapitanov 1., Belousova I., Shu-
meiko A., Kostrikin M., Turovskaya M., Razu-
mova N., Popov A. Supernucleophilic systems
based on functionalized surfactants in the cleav-
age of 4-nitrophenolic esters of phosphorus and
sulfur acids. Ill. Reactivity of somicellar sys-
tems based on functionalized tetraalkylammo-
nium and imidazolium surfactants. Russ. J. Org.
Chem. 2015. 51 (8): 1105.

[octynua 07.08.2019

ISSN 0041-6045. YKP . XIM . XXVPH ., 2019, 1.85, Ne 8 105


https://pubs.acs.org/doi/10.1021/jo034745%2B
https://pubs.acs.org/doi/10.1021/jo034745%2B
https://pubs.acs.org/doi/10.1021/jo034745%2B
https://pubs.acs.org/doi/10.1021/jo034745%2B
https://www.sciencedirect.com/science/article/pii/S0021979708007881#!
https://www.sciencedirect.com/science/article/pii/S0021979708007881#!
https://www.sciencedirect.com/science/article/pii/S0021979708007881#!
https://www.sciencedirect.com/science/article/pii/S0021979708007881#!

[HOOPMAILIA. XPOHIKA

VIIK 54 (09)

HAYKOBO-JOCJIJTHOMY THCTUTYTY XIMIQ
XAPKIBCBKOI'O YHIBEPCUTETY imeni B.H.KAPA3IHA — 90 POKIB

HaykoBo-nocminnuii incturyT ximii (HAI
Ximil) yTBOpeHU# 00’€THaHHSIM XIMIYHUX Ka-
¢denp XapKiBCbKOTO 1HCTUTYTY HAPOJHOI OCBITH
(1922-1930 pokwu) B okpemuii IHcTUTYT (TIOCTA-
HoBa ypsny Bix 10 BepecHst 1929 poky), saxuil y
1933 pori  BKIIOYEHO O CKJIaQy PEOpraHizoBa-
Horo XapkiBcbkoro yHiBepcureTy. Bigrom HJII
XiMil cTaB HalepIIMM HaYKOBO-IOCIHIIHUM iH-
CTUTYTOM 1 HEBIJI'€EMHOI0O HAyKOBO-OCBITHBOIO
CKJIQJIOBOIO YHIBEPCHUTETY.

3a yac icHyBaHHS IHCTHTYTY 3pO0JICHO YH-
MaJio, a TBOpYl YCIIXM BHM3HAHI HE TUIBKH B YK-
paiHi, aye ¥ maneko 3a i MeXamu.

Ha cborojHi iHCTUTYT CKJIQIa€ThCs 3 TPHOX
HAYKOBHUX BiIIiIiB, Mae cepTudikoBanuii LleHTp
JlepkaBHOI ciTy>KOU CTaHIAPTHUX JOBIIKOBUX Ja-
Hux Jlepkcranmapry YkpaiHu 3 (¢i3HKO-XiMid-
HUX BJIACTMBOCTEW PEUOBHH 1 MaTepiaiiB. Y Hay-
KOBO-JIOCITITHIH MisUTBHOCTI MOETHYIOTHCS (PYH-
JAMEHTANIbHI Ta MPUKIaaHI HanpsaMkH. OcTaHHIM
9acoM HaOyJlIM PO3BUTKY: TOCITIKEHHS IpOIie-
CciB i10HI3alii ¥ eJeKTPOKPHUCTAI3allli MEeTaliB y
BOJIHUX Ta BOAHO-OPTaHIYHUX PO3YMHAX, CTBO-
peHHsI 0e3BIIXOIHUX pecypco30epirarounx Tex-
HOJIOTIH y cdepi npuinano0yIyBaHHs Ta MaIlIMHO-
OylyBaHHs1; €KCIIEpUMEHTAJIbHE I TEOpPEeTUYHE BU-
BYCHHS MPOLIECiB acomianii 6araTbox KJaciB op-
raHIYHUX OApBHUKIB, SIKI CYMPOBOKYIOTHCS 3Mi-
HOIO CIIEKTPAJIbHO-JIFOMIHECIICHTHUX BIaCTUBOC-
TEH 1 3HAXOMATH 3aCTOCYBAaHHS y XIMIYHOMY aHa-
Ti31; MOCHITKEHHS (POTOXIMIUHUX TEPETBOPEHB
mia aiero citia (pororayromepusaris, GoToIU-
CoIliarlisi Ta KOMIUIEKCOYTBOPEHHS MOJIEKY Y 30y/1-
KEHOMY CTaHi); BUKOPUCTAHHS METOIY pajioak-
TUBHUX 1HIUKATOPIB I PO3B’sI3aHHS MPUKIAI-
HUX 3aBJIaHb XiMii, Paio010JIorii Ta PagioeKoIoT1i.

J10 IpakTUYHUX TOCSITHEHb HaJeXaTh 1H-
HOBAIIIHI PO3pOOKH 1 3aIIaTEHTOBAHI TEXHIYHI Pi-
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LIEHHS: yTWIi3alis BIANPAlbOBAaHUX TPABUIBHUX
PO3YMHIB 1 BHJIYYEHHS 3 HUX KyNPYMBMIIIyFOUUX
CTOJYK; KUTbKICHE BU3HAYCHHS XIMIYHUX TOKCH-
KaHTIB (ITOBEPXHEBO-aKTUBHHUX PEYOBHH, OpraHi-
YHUX PO3UYMHHUKIB) Y BOAHUX CEPEIOBHIIAX 1 010-
JIOTI1YHO-aKTUBHUX KOMIIOHEHTIB Y POAYKTaX poc-
JMHHOTO TTOXO/KEHHS. Tako)K CTBOPEHI HOBI Ji-
KyBaJbHO-TIPO(MITAKTUYHI TIpernapaT AJs 3aXu-
CTy OpraHi3My JIIOAWHU BIJl pajialliiHUX MOII-
KOJIKEHb, JIesIKl 3 HUX MPOUILIM MEAUYHI BUIIPO-
OyBaHHS Ta BUITYCKAIOTHCS IIPOMHUCIIOBO.

TinbKu 32 OCTaHHI I SITh POKIB BHJAHO 5
HayKOBHUX MOHorpadiii, onyomikoBaHo 180 cra-
Tell B HayKoBUX xypHaiax (114 —y 3apyOikHHX),
215 Te3 ponoineit (160 Mi>kHapoJHOTO PIBHS),
onep:kaHo 12 maTeHTIB Ha BHMHAXOAU 1 KOPHUCHI
MOJIEJ, 3aXHIIEHO 2 TOKTOPCHKUX Ta 5 KaHIUIa-
TCHKHMX JAWCEpTallii, BUKOHaHO Oinbin 20 Gakama-
BPCHKHX 1 MaricCTepChKUX HAyKOBHX poOiT. 3ara-
JAbHUN (OHJI AP KOIOIKETY OXOIUIIOBaB 9 mpo-
eKxTiB Ha cymy 8198 tuc. rpH., Oinpme 10 mpoek-
TiB To3a0romkeTHoro ¢inancyBaHus (1670 Ttuc.
TPH.), THIUBITyaJIbHI HAyKOBI MIKHApOJHI TpaH-
T4 (1267 Tuc. rpH.). binbiricTs HayKOBUX cTaTei
oIy0JIIKOBaH1 y BUJAHHSX, 10 LIUTYIOTbCS B Oa-
3ax gaHux Scopus i Web of Science.

TemaTuka HayKOBO-JIOCHIAHUX POOIT MOET-
Hy€ (yHIaMEHTAJIbHI Ta MPUKJIAAHI HAIPSIMKH 1
BUKOHYETHCSI TIpalliBHUKAMH 1HCTUTYTY i Ke-
PIBHUIITBOM, 30KpeMa, 5 mokTopiB 1 11 kaHmuma-
TiB Hayk. [IpoGiemaTnka IOCTiKEHb CTOCYETh-
Csl 1 CyMDKHUX Tajy3ei: (i3uKd HaHOCEPEOBHIILI,
MaTepialo3HABCTBA, MEAMKO-010JIOTIYHHUX JTOCHTi-
JDKEHb, PALIOHATIBHOIO IPUPOIOKOPUCTYBAHHS.
Ha norosipuux 3acagax HJII ximii Gepe ydactb y
HayKOBO-TEXHIYHOMY CITIBPOOITHUIITBI 3 MI>KHA-
POAHUMHM OpraHizallisiMH, yHiBepcUTeTaMH, Oi3-
Hec-yctanoBamu €Bporn Ta CHIA. [HCTUTYT M-
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TPUMY€E HAyKOB1 3B’SI3KM, OOMIH CIEITIAJIICTIB 3
['mancekum yHiBepcureroM (Ilonbima), [HeTUTy-
toM (piznunoi ximii AH Ilonemii y Bapmagi, yHi-
BepcureroM Tymysa III (®Dpanwist), yHiBepcure-
tom Kactumi — Jla Manui (Icnanis), Kanzace-
kuM yHiBepcuterom (CLIA) Ta iH.

Y HAI ximii peamnizyetscs [Iporpama po3-
BUTKY 1HCTUTYTY, SIKAQ 30CEPEIKY€ETHCS Ha KOH-
HeHTpalii 3ycuiib y ¢GopMyBaHHI HOBUX (PpyHIa-
MEHTQJIBHUX 1 MPUKIAJTHUX JTOCIHIKEHb Cydac-
HoTo piBHA. [Ipu mboMy ocobnvBa yBara mpu/ii-
JSIETHCS: y3araJlbHEHHIO HalO1UIbII BarOMUX pe-
3yJIbTATIB y BUTJISAI MOHOTpadii, OTISOBUX CTa-
Te; PO3BUTKY Pi3HMX (OPM CHIBPOOITHUIITBA HA
JIOTOBIpHIM (DIHAHCOBIM OCHOBI; aKTUBI3aIii Gopm

BHHAXITHUIIBKOT ISUTBHOCTI; 3alpONOHYBaHHIO
HaWOUTBII ePEeKTUBHUX 1HHOBAIITHUX PO3POOOK
1o iaBectyBaHHs. CKIIaJIEHO KaTaJloT HAWOUIbII
e(EeKTUBHUX PO3POOOK IHCTUTYTY 3a I ATh OC-
TaHHIX POKIB. [HCTHTYT € OpraHi3aTopoMm 1 CIHIiB-
OpraHizaTopoM HayKOBUX KOH(EpEeHIii Ta HayKo-
BO-TIPAKTUYHHUX 3aXOJIiB (BUCTABOK, SIPMAPOK, Ipe-
3EHTAIliif), Y TOMY YMCIIi — MDKHApPOHOTO PiBHS.

OcHoBHOIO pucoro cboronennss HJII ximii
€ pallioHalbHE MOEHAHHS HAYKOBOI 1 HaBYAJb-
HOI (OpM [ISUTBHOCTI 3 METOIO PO3BUTKY OC-
BITSHCBKOTO TMOTEHINaTy XapKiBCHKOTO HaIlioHa-
apHOTO YHiBepcuTeTy iM. B.H.Kapasina 1 ¢pyHk-
LIOHYBaHHS 1HCTUTYTY SK CY4aCHOTO HayKOBOT'O
LIEHTPY BY31BCHKOTO TIPOdiTIO.

Jupexmop HII ximii, axademix AH BIIl Yxpainu,
Q0KmMOp XiMiuHUXx Hayk, npogecop B.1. Jlapin

RESEARCH INSTITUTE OF CHEMISTRY
V.N.KARAZIN KHARKIV NATIONAL UNIVERSITY —-90 YEARS

The Research Institute of Chemistry (RI of
Chemistry) was formed by the unification of the
chemical departments of the Kharkiv Institute of
Public Education (1922-1930) into a separate
Institute (Government Decree of September 10,
1929), which in 1933 was incorporated into the
reorganized Kharkiv University. Since then, the
Research Institute of Chemistry has become the
first research ingtitute and an integral part of the
university's scientific and educational component.

Much has been done during the institute's
existence, and creative successes have beenre-
recognized in Ukraine and abroad.

At present, the Institute consists of three
scientific departments, has a certified Center of
the State Service for Standard Reference Data of
the State Standard of Ukraine on the physico-
chemical properties of substances and materials.
Theresearch activities combine fundamental and
applied areas. Recently, the following develop-
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ments have been made: research into the pro-
cesses of ionization and electrocrystallization of
metals in aqueous and hydroorganic solutions,
the creation of non-waste resource-saving tech-
nologies in the field of instrumentation and me-
chanical engineering; experimental and theore-
tical study of the processes of association of ma-
ny classes of organic dyes, which are accompa-
nied by changes in the spectral-luminescent pro-
pertiesand find application in chemical analy-
sis; study of photochemicd transformations un-
der the influence of light (phototautomerization,
photodissociation and complex formation of mo-
lecules in the excited state); the use of the me-
thod of radioactive indicators to solve the ap-
plied problems of chemistry, radiobiology and
radioecology.

Practical achievements include innovative
developments and patented technical solutions:
utilization of spent pickling solutions and remo-
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val of cuprum containing compounds; quanti-
tative determination of chemical toxicants (sur-
factants, organic solvents) in agueous media and
biologically active components in plant products.
New therapeutic and prophylactic drugs have
been created to protect the human body from ra-
diation damage, some of which have been tes-
ted and commercially available.

Only in the last 5 years 5 scientific mono-
graphs have been published, 180 articles have
been published in scientific journals (114 — in
foreign ones), 215 abstracts (160 of international
level), 12 patents for inventions and utility mo-
dels have been obtained, 2 doctoral and 5 PhD
theses have been defended, more than 20 ba
chelor's and master's degrees are obtained. The
Genera Fund of the State Budget covered 9 pro-
jects with general cost of UAH 8198 000, more
than 10 extrabudgetary financing projects (UAH
1670 000), individua scientific international
grants (UAH 1267 000). Most scientific articles
are published in issues that are cited in the Sco-
pus and Web of Science databases.

The subject of research works combines fun-
damental and applied areas and is performed, in
particular, by 5 doctors and 11 candidates of sci-
ences. Research concerns also related fields: na-
noscale physics, materials science, biomedica re-
search, rationa use of nature. On a contractual ba
ss, the Research Indtitute of Chemistry partici-
pates in scientific and technical cooperation with
international organizations, universities, business
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institutions of Europe and the USA. The Insti-
tute maintains scientific contacts, exchange of spe-
cialists with the University of Gdansk (Poland),
the Institute of Physical Chemistry of the Polish
Academy of Sciencesin Warsaw, the University
of Toulouse Ill (France), the University of Cas-
tile — La Manchi (Spain), the University of Kan-
sas (USA) and others.

The Ingtitute develops the Institute's De-
velopment Program, which focuses on the efforts
in the formation of new fundamental and applied
research at the current level. Special attention is
paid to: generalization of the most important re-
sults in the form of monographs, review articles,
development of various forms of cooperation on
a contractual financia basis; activation of forms
of inventive activity; offering the most effective
innovative developments for investment. The ca-
talog of the most effective developments of the
Institute for the last 5 years has been compiled.
The Institute organizes and co-organizes scienti-
fic conferences and scientific and practica events
(exhibitions, fairs, presentations), including in-
ternational.

The main feature of the current Research
Ingtitute of Chemistry isarational combination of
scientific and educational forms of activity in or-
der to develop the educational potentid of V.N.Ka
razin Kharkiv National University. and the func-
tioning of the ingtitute as a modern scientific cen-
ter of the university profile.

Director of the Research Institute of Chemistry,
Member of the Academy of Sciences
of Higher School of Ukraine,
Doctor of Sciences (Chemistry),
Professor V.I. Larin
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Ingpopmayis. Xpownika

HAYYHO-UCCIIEAOBATEJBCKOMY MHCTUTYTY XUMHU
XAPBKOBCKOI'O YHUBEPCUTETA umenn B.H.KAPA3BHUHA —90JIET

HayuHo-nccnenoBarenbCKuii MHCTUTYT XH-
mun (HUW xumum) oO6pa3oBaH 0ObeAMHEHHEM XH-
MU4YecKuX kadeap XapbKOBCKOTO WHCTUTYTa Ha-
ponHoro obpaszosanus (1922—1930 ronsr) B oT-
nenbHbI MHCTUTYT (TIOCTAaHOBJICHUE TPABUTEIh-
ctBa ot 10 centadps 1929 rona), kotopsiii B 1933
roJly BKJIIOYEH B COCTAaB PEOPraHU30BAHHOIO Xaphb-
koBckoro yHusepcurera. C tex mop HUN xumun
CTaJl MEPBBIM HAYYHO-HCCIIEI0BATEIIbCKUM HH-
CTUTYTOM M HEOThEMJIEMOH Hay4HO-00pa3oBa-
TEJIbHOM COCTABJISIONIEH YHUBEPCUTETA.

3a BpeMsl CyLIECTBOBAHMSI MHCTUTYTa CJIE-
JIJAHO HEMAaJIo, a TBOPYECKHE YCIIEXH IpPHU3HAHbI
HE TOJIBKO B YKpauHe, HO U 3a €€ MpeeaMu.

CerofHsi UHCTUTYT COCTOUT U3 TPEX HAY4-
HBIX OTJEJIOB, UMEET cepTU(uIpoBaHHbIi LleHTp
['ocynapcTBeHHOM cIy>KObl CTaHIAPTHBIX CIpa-
BOYHBIX JaHHBIX ['occTanmapra YKpauHsl 1o ¢u-
3UKO-XMMHUYECKUM CBOMCTBaM BEIIECTB M Mate-
puanoB. B HaydHO-HCCIENOBATENBCKON AEATEIb-
HOCTH coueTaroTcsi (hyHIaMeHTaIbHbIE U MPUKIIa-
JIHble HampaBiieHUs. B mocneaHee BpeMs Moiy-
YUK pa3BUTHE: UCCIIEIOBAHUS MPOIIECCOB HOHM-
3allUU U AJIEKTPOKPUCTAIN3ALUU METAIIIIOB B BO-
JTHBIX U BOJHO-OPTaHWYECKUX PACTBOPAX, CO3-
JIaHue 0€30TXOTHBIX PECypcOCOEeperaroImux Tex-
HOJIOTHH B chepe MpUOOPOCTPOCHUST U MAITHHO-
CTPOEHMUSI; SKCIIEPUMEHTAIBHOE U TEOPETUUECKOE
M3y4EeHHE MPOLIECCOB aCCOLMAIMU MHOTUX KJac-
COB OpPraHMYECKHX KpacuTelel, KOTOpbIE COIpO-
BOJKIAIOTCS M3MEHEHHEM CIIEKTPaIbHO-JIFOMUHE-
CLIEHTHBIX CBOWMCTB M HaXOJSAT MPUMEHEHUE B XU-
MHUYECKOM aHaJIN3€e; UCCIIe0BaHus (POTOXUMUYE-
CKHX TIpeBpaIleHui 1o aeicTBUeM cBera ((oTo-
TayToMepu3alus, Goroaucconnanus u KoMIuie-
KCOOOpazoBaHHE MOJIEKYJ B BO30YXKIEHHOM CO-
CTOSIHMM); WCIIOJIb30BaHUE METO/Ia PaJMOaKTUB-
HBIX MHJIUKATOPOB JJIsl PELLEHUS PUKIIAIHbIX 3a-
Ja4 XUMHUH, paAuOOHOIOTHH U PaInO3KOJIOTUH.

K npakTruueckuM JOCTHKEHUSIM OTHOCATCS
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VMHHOBAIIOHHBIE Pa3pa0dOTKU U 3allaTeHTOBAHHbIE
TEXHUYECKHE PELICHUS: YTUIU3aLHsl OTpaboTaH-
HBIX TPaBWJIBHBIX PAacTBOPOB U H3BJICUYECHHUE W3
HUX KyTIpyMCOJEpKaIlluX COSJUHEHNI; KOJTMYECT-
BEHHOE ONpeCICHNE XUMHUUYECKIUX TOKCUKAHTOB
(OBEpXHOCTHO-AKTUBHBIX BEIIECTB, OpraHu4ec-
KHUX pacTBOPHTEJICH) B BOJHBIX Cpeaax U Onoio-
I'MUYECKU aKTUBHBIX KOMIIOHEHTOB B MPOAYKTaX pa-
CTUTEJIBHOTO MPOUCXOKIeHHS. Takke co3qaHbl
HOBBIEC JIe4eOHO-TIPODMIAKTUIECKHE TpernapaThl
JUTS 3AIIUTHI OpraHU3Ma YeJoBeKa OT paJualioH-
HBIX HOBPEXIECHUM, HEKOTOPbIE M3 HUX MPOILIN
MEIUIMHCKAE UCIIBITAHUSI U BBIITYCKAIOTCS B
MPOMBIIUIEHHBIX MaclITadax.

TosbKO 3a mocnegHue IATh JIET U34aHO S5
HayuyHbIX MOHoOrpaduii, omyonukosaHo 180 cra-
Tel B HayuyHBIX XypHamax (114 — B 3apyOex-
HbIX), 215 Te3ucoB noknanoB (160 mexmyHapo-
JTHOTO YPOBHS1), MOJY4YeHO 12 MaTeHTOB Ha U30-
OpeTeHUs U TI0JIE3HBIE MOIEIH, 3aIIHIIEHO 2 JTOK-
TOPCKUX U 5 KaHIUAATCKUX TUCCEpTALUid, BBIIIO-
aHEHO Oonee 20 GakamaBPCKUX W MAaruCTEPCKHUX
Hay4dHbIX padot. O0mwmii GoHa TocOroIKeTa 0X-
BaThiBall 9 MPOEKTOB Ha cymmy 8198 Twic. rpH.,
6onee 10 mpoekTOB BHEOIOKETHOTO (hPUHAHCH-
poBanust (1670 TbIC. TpH), UHAMBHUAYAJIbHbBIE Ha-
YUHBIE MEXTyHapOIHbIE TPaHThI (1267 ThHIC. TPH).
BonbmuHCTBO HAay4YHBIX CTAaTel OIyOJIMKOBAHEI B
U3aHKAX, KOTOpbIE LUTUPYIOTCS B 0a3ax HaH-
HBIX Scopus 1 Web of Science.

Tematuka Hay4HO-HCCIIEJOBATEILCKHUX Pa-
00T coueraeT (PpyHAaMEHTAIBHBIE U TIPUKIIATHBIC
HaIlpaBJE€HUS M BBIIOJHAECTCS COTPYIHUKAMHU
WHCTHUTYTa TIOJ] PYKOBOJICTBOM, B YaCTHOCTH, 5
nokropoB U 11 kangunatoB Hayk. [IpoOnemaru-
Ka HMCCJIEJOBAaHUI KacaeTcsl U CMEXHBIX OTpac-
aei: pu3MKM HaHOCpe.l, MaTepUaIOBeACHUs, Me-
JIMKO-OMOJIOTMIECKHUX MCCIICIOBAaHUHN, palliOHAITh-
HOTO MpUPOAONOIb30BaHusA. Ha 10roBopHbIX Ha-

yanax HWM xuMuu ygacTByeT B Hay4HO-TEXHU-
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Iugpopmayis.

Xponixa

YECKOM COTPYJTHUYECTBE C MEKAYHAPOIHBIMU Op-
raHM3aLMsAMHY, YHUBEPCUTETAMH, OH3HEC-yupexk-
nenusimu EBporniel 1 CILIA. UucTutyT momnep-
JKUBAaeT Hay4dHbIE CBSI3M, OOMEH CIIELMAIUCTOB C
I'manbckum ynusepcutetoM (Ilosbma), MucTH-
TyToM (puzmueckoit xumun AH Ilonbum B Bap-
mrase, ynuBepcuteroM Tymysa | (Opaniws), yau-
BepcutreroM Kactunuu — Jla Manuu (Mcnanus),
Kanzacckoro ynusepcurera (CIIA) u ap.

B HUM xumun peanusyercs IIporpam-
Ma pa3BUTHUS MHCTUTYTa, KOTOpas COCPEIOTOUU-
BAeTCs Ha KOHLIEHTPALUN YCUIIUH B (pOPMHUPOBa-
HHUH HOBBIX (DYHIAMEHTATBHBIX U MIPUKIIAIHBIX HC-
cleloBaHUil coBpeMeHHOro yposHdA. IIpu 3Tom
0co0oe BHUMaHHE yIemsieTcs: 0000IMeHNI0 Han-
Oosiee BECOMBIX pe3yJbTaTOB B BHJIE MOHOIpa-
¢uii, 0030pHBIX CTAaTEH; Pa3BUTHUIO PA3IUYHBIX
dbopM cOTpyaHMUYECTBA Ha JAOrOBOPHOU (pUHAH-
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COBOI OCHOBE; aKTHBH3aWH (HopM n300peTaTeb-
CKOM JeATEeIbHOCTH; MPEATIOKEeHUN Hanbosee 3¢-
(EeKTUBHBIX MHHOBAIIMOHHBIX Pa3pabOTOK K WH-
BecTHpoBaHuIo. CocTaBiieH Katanor Hanbosee 3¢-
(EeKTUBHBIX pa3pabOTOK MHCTUTYTA 3a MSTH I10-
ClIeTHUX JieT. IHCTUTYT sABJIsSeTCsS OpraHn3aTopoM
Y COOPraHM3aTOPOM Hay4YHBIX KOH(EpeHIINi 1 Ha-
YUHO-TIPAKTUUECKHX MEPOMPUSTHIA (BBICTABOK, sIp-
MapoK, MPE3eHTaIri), B TOM YUCJIe MEXKITyHapO-
JTHOT'O YPOBHSI.

OcnoBno#t ueproit HUM xumum ceronus
SBJISICTCS. PALIMOHATIBHOE COYETaHHE HAyYHOU U
y4eOHOM (HhOpM AEATETBHOCTH C LENBbI0 Pa3BUTHUS
00pa30BaTeIbHOrO MOTEeHIMana XapbKOBCKOTO Ha-
nuoHanbHOro yHusepcurera uMm. B.H.Kapasuna n
(YHKIIMOHUPOBAaHHS MHCTUTYTa KaKk COBPEMEHHO-
ro HAyYHO-HCCIIEJOBATEIHCKOTO IIEHTPA BY30B-
CKOTO MPOGuIIS.

Jupexmop HUU xumuu, axademux AH BII
Yrpaunsl, doxmop xumuueckux Hayk,

npogeccop B.U. Jlapun
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VJIK 54 (09)

PEIIEH3ISI HA MOHOI'PA®IIO B.I.KAMYATHOI'O “HAYKOBO-OCBITHIA
JTOPOBOK MMPO®ECOPA LILOCHUIIOBA (1855-1918 pp.) B I'AJIY3I XIMII”
(XapkiB, «30.10Ti cTopinkm», 2018, 232 c¢.)

[IpoTsiroM ocTaHHIX ACCATHIITH B XIMid-
HUX Ta 3araJlbHOHayKOBHMX JKypHaJIaX YKpaiHu
OnyOJIIKOBAHO YMMAJIO CTaTeH, MPUCBAUYCHUX
THM YH IHIIMM BHJIATHUM BUCHHUM-XIMIKaM MH-
HyJsoro. € BIMOBIHI MaTepiaiu 1 B Kidepmpoc-
TOpi, 30KpeMa Ha caiiTaXx yHIBEpCHTETIB Ta aKa-
JIEMIYHUX THCTUTYTIB, Y PEIO3UTAPIAX HAYKOBHUX
6i0moTex Tomo. | milicHo, 3HaHHS icTOpii Hay-
KH, Y TOMY YUCJI1 IEPCOHAJIIN SICKpPaBUX OCOOHC-
TOCTEH, SIKI CTBOPIOBAJIM CY4acHY XIMiIO Ta CIO-
pimHEeH1 raiy3i, 0€3yMOBHO, 30aradye Hail CBi-
TOTJIAN 1 CIIOHyKa€e OyTH T1IHUMH HAIIUX IOTIe-
PEIHUKIB.

Ane 31e01bIIoro WAEThCS MPO BITHOCHO
CTHCIII TEKCTH, aBTOPU SKHX MalOTh Ha METI Ha-
rajaTv IUIXJ PO3BUTKY HAyKH Ta ii MMTIIB, a
4acTO 1 BUIMPABHUTH ICTOPUYHY HECTPaBEIJIH-
BiCTh, BiIJaTH OOpr He3acly>KEeHO, 1HKOJIM Ha-
BMUCHO 3a0yTuM BueHMM. CaMe TOMYy MOKHA
BB)KATH 3HAYHOIO MOMAIEI0 BUJAHHS MOHOTpadii
B.I'' KamuatHOTO, MIJIKOM TPHUCBIYEHOT OCBIT-
Hilf, HAYKOBIM Ta OpraHi3aliiHid IisJIIBHOCTI
XapkiBchkoro mpodecopa-ximika Iana Ilasio-
Buya Ocwurnosa.

VYoke mepmmii po3Ain KHUTH, SKHUH Bilo-
Opakae ictopiorpadiyHi acClIeKTH Ta JHKEPEIbHY
0a3y 1€l poOOTH, CBITUNTH MPO HASIBHICTH CYT-
TEBOTO MIATPYHTS AJIsA ACTAIbHOTO aHaNi3y Ta
IIHHUX Yy3arajJbHEHb.

I niticHo, MOHOTpadis YUTAETHCS HE 5K CY-
XUW 3BIT, a CKOpilIe SIK I[IKaBe OIMOBIJaHHSI.
KuTTeBuil NUISIX TepOst KHUTU € TIEBHOIO MipOIO
TUTIOBUM JIJISL JIOPEBOJIIOIIHHOT TTpodecypH, BH-
COKOMpodeciifHOT Ta CIIPOMOXKHOI 10 pe3yiIbTa-
TUBHOI OCBITHBOI Ta TYMaHICTHYHOI Micii —
npodecypH, ax HiIK HE CX0XKO0i Ha YEXOBCHKOTO
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npodecopa CepebpskoBa. ImnepaTopcekuii Xa-
PKiBChKMI yHiBepcuTeT Ha mepeTuHi XIX—XX
CTOJIITh, KOPHMCHI JUIsl CyCHJIbCTBA 3apyOixkHI
BIJIPS/DKEHHST HAYKOBIIIB, PO3BUHEHHS >KIHOYOT
OCBITH Ta TpoMajcbka misutbHICTH [.I1.Ocunoga,
HOT0 XapKiBCHKHX KOJIET-BUEHUX — BCE II€ BiJI-
TBOPIOE HA CTOpIHKaxX KHUTH atMochepy HaTX-
HEHHOI Mpali, igeani3My Ta BHUCOKHUX ETHYHHX
MIPUHIMITIB HAyKOBOTO Ta CYCHIJIBHOTO >XHUTTS
TOTO Hacy.

Buurtenem OcurioBa OyB BHIATHHH XiMIK,
omuH 3 QyHmaropiB (izuuHOi XiMii SIK OKpeMoi
Hayku, M.M.beketos. Ilicist 29 pokiB HayKoBOi
Ta BHUKJIAJANBKOi MiSUTbHOCTI B YHIBEPCHTETI
Ocunos 3 noyatky BepecHs: 1906 poky mepexo-
JUTh HAa OCHOBHY po0OTYy B XapKiBCbKUI TEXHO-
noriyHui 1HCcTUTYT IMneparopa Onekcannpa |
(omHOYacHO OOiiiMaroud Mocaay IMO3alTaTHOTO
npodecopa B YHiBepcuteTi). 3 mororo 1915 po-
Ky OcunoB oOupaeTbcs Ha TPU POKU TUPEKTO-
poM XapKiBCHKOTO TEXHOJIOTIYHOTO 1HCTUTYTY
(3 1917 poky 1151 Mocazia HA3UBAETHCS KPEKTOPY).
3BicHO, TO OyJM BaXKl yacu: BiliHa, JItoTHEeBa
peBoumtontisi, JKoBTHEBUN mepeBOpoT. | pekropy
OcuroBy CyIuaoCs HAMPUKIHIN KUTTS HECTH
CBIM XpeCT B IbOMY OypxJIMBoMY moTo1li. B Tpa-
BHI 1918 poky 3akiHYHMBCS TepMiH MepeOyBaHHS
Ha Tocajil peKTopa; Horo 370poB’s Oyio mimip-
BaHeE SK JKaXJIMBUMU MOJISAMU B3araii, Tak i 0e3-
nepepBHOIO 00pOTHOOIO 3a 30epexeHHs [HCTH-
TyTy. IBan IlaBnoBuu nomep 4 nucromnaga 1918
POKYy Bijx uepeBHOTO TH(Y Ta XBOpOOU ceplis.

Hayxoga gisutbHicTh IBana [1aBnoBuua, sika
Oyna po3mouata B YHIBEPCUTETI Ta MPOJIOBKY-
Bajacsi B TeXHOJOTIYHOMY 1HCTHTYTI, Oyna Oa-
ratorpaHHoro. BoHa oxomioBalia HEOpraHIUHY
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Ta OPraHiyHy XiMil0, TEPMOXIMIIO Ta XiMiI0 PO3-
4yuHiB, (papmaxosorito Tomo. Kpim Toro, 27 po-
kiB OcunoB ouvomoBaB ToBapucTBo (i3uKO-Xi-
MIYHUX HayK MpU XapKiBCBKOMY yHIBEPCHUTETI,
HaMMCcaB MiIPYyYHUKH 3 HEOPTaHIYHOI Ta OpraHi-
YHOT XiMii, 3alI0YaTKyBaB BUKJIAJaHHs XiMil Me-
JTUKaM, 9YUTaB MyOIiuHI JeKIii 3 XiMii, a TaKoxK
NPUAUISIB 3HAYHY yBary ictopii Ximii.
3amikaBiIeHU YUTAa4y 3HAKIE B MOHOTpa-
¢ii OaraTo IHIKUX IMEH — II€ CYYaCHUKH, YUHI,
nociigoBuuky IBana IlaBioBuya. @akTUUHO, L€
MIEBHOIO MIPOI0 CTHCJIA CHIUKIONE s XiMii B
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XapkoBi THUX 4YaciB. Mo)KHa BIIEBHEHO CTBEp-
JoKyBaTH, 1o B 1iiomy B.I'.Kamuatamm 3po06-
JeHO (pyHIaMEHTaIbHHUN BHECOK B iCTOPIIO PO3-
BHUTKY XIiMii.

3BUUaitHO, oOcsT mi€l pereHsii He Jae
MOXJIMBOCTI HaBITh CTHUCIO TOPKHYTHCS BCIX
aCTIEeKTIB XHTTS 1 TBOPYOCTI HAIIIOTO BHJIATHOTO
3eMJyIsika. TOMY 3aJIMIIA€ThCS JIUIIE 3alpOIIOHY-
BaTH KoJjeram BiaBizaTu caiit HaykoBoi 6i61io-
TEeKH XapKiBCHKOTO HAIIOHAJLHOTO TEXHIYHOTO
yniBepcutery (XIII): Book 2018 Kamchatnyi
Naukovo-osvitnii dorobok.pdf .

M.O.Mueonos-Ilempocsn,
unen-kopecnonoenm HAH Ykpainu
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