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SYNTHESIS, CORROSION AND ELECTROCATALYTIC PROPERTIES

OF TIN-COBALT ALLOY COATINGS.

V.M. Nikitenko*, T.V. Maltseva, E.A. Babenkov, V.S. Kublanovsky

Vernadsky Institute of General and Inorganic Chemistry
of the National Academy of Sciences of Ukraine,

32/34 Academician Palladin Ave., 03142 Kyiv, Ukraine
*e-mail: vasylnikitenko@gmail.com

Tin-cobalt alloy coatings with a tin content of 5-85 wt.% were synthesized from a poly-
ligand citrate-chloride electrolyte. The surface morphology and composition of tin-cobalt al-
loy coatings depending on the conditions of their production were studied using EDS and
XRD methods. The dynamics of changes in the parameters of the equivalent impedance cir-
cuit on tin-cobalt alloy coatings in 0.1 mol-1" KOH solution is determined by the process of
formation of a cobalt (II) hydroxide layer on the coating surface. The parameters of corrosion
resistance and electrocatalytic activity of the coatings in the reaction of hydrogen evolution
were calculated from the stationary voltammetry dependences. The corrosion currents on
tin-cobalt alloy coatings with a tin content of 33-85 wt.% are about 10°-10® A-cm™ An in-
verse dependence of the hydrogen evolution overvoltage on tin-cobalt alloy coatings on the
corrosion current was established.

Key words: electrodeposition, tin-cobalt alloy, citrate-chloride electrolyte, corrosion re-
sistance, electrocatalytic activity.

INTRODUCTION. Electrolytic coatings of
tin-cobalt alloy are promising anode materi-
als for lithium-ion batteries (LIB) due to their
high specific capacity and stability during cy-
cling [1-3]. Cobalt serves as a kind of buffer,
contributing to an increase in the mechanical
strength of tin during cycling in LIB. In ad-
dition, tin-based alloy coatings are currently
being studied as electrocatalysts for reactions
of hydrogen ion [4-7] and nitrate ion [8, 9]
reduction, oxygen evolution [7], and selective

reduction of carbon dioxide to formate ions
[10, 11].

One of the most effective and controlled
methods of applying coatings with metals and
alloys, allowing to influence their morpho-
logy, structure and functional properties, is
electrolytic deposition from aqueous solutions
of complex compounds. Correctly selected li-
gands allow to influence purposefully the in-
hibition of the electrode process, the compo-
sition of electrochemically active complexes
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(EAC), the mechanism of the process, and,
consequently, the morphology, structure and
functional properties of the resulting coatings
with metals and alloys [12-14].

For deposition of tin-cobalt alloy coatings,
we selected a polyligand citrate-chloride elect-
rolyte, in which the formation of electrochemi-
cally active complexes (EAC) and deposition of
tin (II) into the alloy is limited by the dissocia-
tion of electrochemically inactive complexes
(EIC) [SncitCl ]*, and this allows us to control
the chemical composition of the alloy by select-
ing the ratio of the electrolyte components and
the deposition conditions. In a polyligand cit-
rate-chloride electrolyte at pH 4-6, tin (II) ions,
in contrast to the citrate electrolyte, exist in the
form of the EIC of the composition [SncitCL]*-
[15], while cobalt (IT) ions exist in the form of
the EAC of the composition [CoH cit]* and
[CoHcit] [14]. Precipitation of tin (II) and co-
balt (II) ions from the monoligand citrate elec-
trolyte in this pH region is limited by mixed
kinetics [16]. The precipitation of tin(II) ions
into a tin-cobalt alloy from a polyligand cit-
rate-chloride electrolyte at pH 4-6, in contrast
to a citrate electrolyte, is limited not by mixed
kinetics, but by a preceding chemical reaction
of dissociation of polyligand electrochemically
inactive complexes [SncitCL]*:

[SncitCL]*" & [Sncit]- +2CI". (1)

The presence of electrochemically inactive
[SncitCL]* complexes in the citrate-chloride
electrolyte is an additional factor that allows
us to influence the composition, morpholo-
gy, structure and functional properties of the
resulting tin-cobalt alloy coatings, primarily
their porosity and corrosion resistance. The
presence of citric acid in the proposed cit-

rate-chloride electrolyte allows increasing the
buffer capacity and stability of the electrolyte
during its long-term operation. This work is
devoted to the development of a process for
applying functional tin-cobalt alloy coatings
from a complex citrate-chloride electrolyte for
various functional purposes, as well as studying
their morphology, phase, chemical composi-
tion, corrosion resistance and electrocatalytic
activity in the reaction of hydrogen evolution
in an alkaline medium.

EXPERIMENT AND DISCUSSION OF
THE RESULTS. Tin-cobalt alloy coatings
were applied to copper foil (S = 2 cm?) from
a citrate-chloride electrolyte of the follow-
ing composition, mol-I": SnCl-2H,0 - 0.05;
CoSO,7HO - 0.10; NaCHO, - 030
CH,0-HO - 0.05 NaSO,10HO - 0.50;
pH 4.6 in a thermostatic cell at a direct current
density of 1-30 mA-cm™ and a temperature of
40 °C. A platinum plate (S = 12 cm?*) was used
as the anode. Analytical grade reagents were
used to prepare the electrolyte. The surface of
the copper substrate was pre-degreased with
Vienna lime and activated according to the
method [17]. The electrolysis parameters were
set using a PI-50-1 potentiostat and a PR-8
programmer. To obtain good quality coatings,
the citrate-chloride electrolyte was pre-treated
at a current density 0.5 mA-cm™ for 4 hours.

The structural characteristics of the coat-
ings were studied by X-ray phase analysis us-
ing a DRON-2UM setup with CuKa radiation
in the angle range from 10 to 85 degrees with
a recording step of 0.04 degrees at an exposure
time of 3 sec. The chemical composition of the
tin-cobalt alloy coatings was determined using
the atomic absorption method. The corrosion
properties of the tin-cobalt alloy coatings were
studied in a 0.1 mol-I"' KOH solution at 20 °C.

ISSN 2708-129X. YKp. XiM. XypH., 2025
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The electrochemical impedance spectra and
current-voltage dependencies were obtained
using the AUTOLAB system with GPES4.7
software in the frequency range from 0.1 Hz
to 100 kHz and voltage amplitude of 10 mV.
A saturated silver chloride electrode was used
as a reference electrode. Platinum served as an
auxiliary electrode. The value of the active re-
sistance of the coatings R was calculated using
the built-in program “Find circle”. The parame-
ters of the electrocatalytic activity of tin-cobalt
alloy coatings in the of hydrogen evolution
reaction were calculated from the linear sec-
tions of the lg j — # dependences. The polari-
zation value was calculated relative to the hy-
drogen electrode based on the potential of the

10um

JSM-6700F LEI 20.0kv  X1,000

JSM-6700F

a b

2H*/H, pair, which in a 0.1 mol-I'* KOH solu-
tion is 0.75 V (pH = 12.7).

Micrographs of the surface of tin-cobalt al-
loy coatings obtained from a citrate-chloride
electrolyte are shown in Fig. 1. At a current
density of up to 3.0 mA-cm™, as can be seen
from Fig. 1a, fine-crystalline coatings are de-
posited that are well bonded to the substrate.
The tin-cobalt alloys coatings are well formed,
densely packed, fairly uniform, and are close
in appearance to smooth coatings. With an in-
crease in current density, a scaly structure of
the deposit is observed, and at higher current
densities (from 20 mA-cm™ and higher), crys-
talline coatings are deposited, consisting of
spherulites with particle sizes 1-5 um.

20.0kv  X1,000

Fig. 1. Microstructure of the surface of tin-cobalt alloy coatings obtained from citrate-chloride elec-
trolyte at a current density, mA-cm™ 3.0 (a); 12.0 (b); 30.0 (c), temperature of 40 °C, stirring speed of

400 rpm, electrolysis time of 20 min.

The tin content in tin-cobalt alloy coatings
obtained from citrate-chloride electrolyte de-
pends on the parameters of their deposition
and varies in the range of 5-85%. The X-ray
diffraction pattern of the tin-cobalt alloy coat-
ing (Fig. 2) contains several diffraction peaks. It
should be noted that the number of peaks and
their position in the X-ray diffraction pattern
does not depend on the conditions of coating

https://ucj.org.ua

production. Electrolysis parameters affect only
the magnitude of the diffraction peaks and
the properties of the resulting coatings. Peaks
characteristic of the tin-cobalt alloy are ob-
served at 20 deviation angles of 32 and 45 de-
grees. These peaks indicate the presence of an
amorphous or incompletely formed crystalline
phase in the tin-cobalt alloy and do not allow
one to determine a specific phase. In addition

UCJ Ne 1/ Vol. 91
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to the peaks corresponding to the tin-cobalt al-
loy, there are peaks that, by their position, can
be attributed to metallic tin. The presence of a
peak corresponding to metallic copper is due
to its use as a substrate when applying coatings
with a tin-cobalt alloy from a citrate-chloride
electrolyte.

14000

¢ O CosSn
+Sn
e Cu

. 10000

u

6000 -

Intensity, ab

U

10 30 50 70 90 110

2000 L .00

29, degree
Fig. 2. X-ray diffraction pattern of a tin-cobalt
alloy coating obtained from a citrate-chloride elec-
trolyte at a current density of 4.0 mA cm, 40 °C
and an electrolysis duration of 60 min.

7', kOhm

According to the phase diagram [18, 19], tin
forms intermetallic compounds with cobalt of
the following composition: CoSn, Co,Sn and
Co,Sn,. The Co,Sn, compound consists of two
phases Co,Sn + a-CoSn or Co,Sn + f-CoSn.
It should be noted that tin-cobalt alloy coat-
ings, which are a single-phase intermetallic
compound of the CoSn composition, can only
be obtained by the electrolytic method from
complex electrolytes. According to the results
of chemical analysis of the obtained coatings,
with an increase in the current density, the ra-
tio of cobalt to tin in the alloy changes from
1:2 to 2:1, which may indicate a change in the
composition of the intermetallic compounds of
the alloy from CoSn, to CoSn, Co,Sn, and fur-
ther to Co,Sn, which is consistent with the data
of [2, 20]. The impedance spectra of tin-cobalt
alloy coatings with a content of 66.7 at. % tin,
obtained from a citrate-chloride electrolyte
at a current density of 3.0 mA-cm™, from the
holding time in a 0.1 mol-I'' KOH solution, are
shown in Fig. 3.

200 ¢
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_"'t::mmnnmp'._:_. .
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log (1)

Fig. 3. Nyquist (a) and Bode (b) plots for tin-cobalt alloy samples containing 66.7 at.% tin versus hold-
ing time, min.: 20 (1), 40 (2) and 60 (3) in 0.1 mol-1"' KOH solution.
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When comparing the obtained dependencies
with the diagnostic ones shown in Fig. 4 [21, 22],
it can be concluded that an oxide-hydroxide lay-
er of cobalt (IT) has formed on the film surface.

oot

After a sufficiently long holding time (60 min.)
of the sample in a 0.1 mol-I"' KOH solution the
electrical parameters of the coating (resistance
and capacity) remain constant.

e K e

| ‘ '

b

Fig. 4. Equivalent impedance circuits of tin-cobalt alloy coatings and Nyquist and Bode diagnostic
dependences when the coatings are kept in a 0.1 mol I KOH solution for 20 (a) and 60 (b) min.

On samples of tin-cobalt alloy with a tin
content of 33.3 at. %, obtained at a deposition
current density of 7.5 mA-cm?, the Nyquist and
Bode dependences have a similar character.
In this case, only the numerical values of the
parameters of the equivalent impedance cir-
cuit change: the contribution of the hydroxide
layer resistance to the total corrosion resistance
of such films is insignificant (< 5%). Based on
the equality of the values of the stationary elec-
trode potentials of reactions (2) and (3), we
can write the reactions:

Sn=Sn* +e,

E2 =-0.136 + 0.029llg [Sn*], 2)
Co=Co* +¢,
E,=-0.277 +0.0291lg [Co>],  (3)

which can occur on the surface of a tin-cobalt
alloy in a 0.1 mol-L"' KOH solution (pH 12.7),
it can be shown that under these conditions,
corrosion of the tin-cobalt alloy coating occurs
due to the dissolution of cobalt, since the value
of Ig ([Sn**]/[Co**]) is equal to —4.85, that is, in
the studied solution the concentration of ions

https://ucj.org.ua

[Co*] >> [Sn*]. According to the Pourbaix
diagram of the cobalt — water and tin — water
systems [23], in the range of values of statio-
nary electrode potentials E, and E,, equal to,
depending on the tin content in the tin-cobalt
alloy, —0.02 —0.08 V and —-0.23 -0.34 V (tab-
le) in a 0.1 mol-1"' KOH solution (pH 12.7), a
stable hydroxide film consisting of cobalt hy-
droxide Co(OH), is formed on the surface of
the coatings. The dissolution of cobalt with the
formation of hydroxide Co(OH), most likely
occurs by an electrochemical mechanism ac-
cording to the reaction:

Co +2H,0 = Co(OH), + 2H" + 2e7,

E,= 0.095 - 0.0581pH (4)

The steady-state electrode potential of re-
action (4) under these conditions (pH 12.7)
is —0.643 V. The formation of a poorly soluble
compound of hydroxide Co(OH), (SE(solubi-
lity equilibrium) =2.510"%) on the surface of the
tin-cobalt alloy leads to passivation of the coat-
ing surface and, consequently, to stabilization
of the steady-state potential of the electrode.
Tin in the tin-cobalt alloy in 0.1 mol-l" KOH
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solution (pH 12.7) is practically insoluble. The
resulting hydrogen ions are then reduced on
tin. It can be assumed that the processes of for-
mation and growth over time of the hydroxide
layer of cobalt (II) on the alloy surface are ac-
companied by changes in other characteris-
tics of the coatings, such as, the resistance of
the coating, the capacity of the double electric
layer and the value of the specific surface. The
dependence of the coating resistance measu-
red by impedance spectroscopy on the cur-
rent density of its production and the holding
time in a 0.1 mol-I" KOH solution is shown in
Fig. 5a, from which it is evident that the coating
corrosion resistance decreases with increasing

200
160 |-

120

4

80 -

R_, kOhm

40

O L L L L L L L I}
25 30 35 40 45 50 55 6.0 6.5

jk , mA.cm™

a

current density and depends insignificantly on
the holding time of the sample in the solution.
At the same time, the coating corrosion resis-
tance R increases with increasing tin content in
the alloy (Fig. 5b) and is practically independ-
ent of the holding time in a 0.1 moll" KOH
solution. Obviously, such a dependence of the
coating corrosion resistance R on the current
density is due to a decrease in the tin content
in the coating with increasing current density.

Holding tin-cobalt alloy coatings in an al-
kaline electrolyte leads to an increase in the
corrosion resistance of the electrode. This is
accompanied by a shift in the steady-state po-
tential to more positive values.

200
]
160 F
E 0l
)
4
mﬁN 80 -
40 |
0 1 1 1 1 1 1 1 ]
30 35 40 45 50 55 60 65 70
Sn, at. %
b

Fig. 5. Dependence of corrosion resistance of tin-cobalt alloy coatings on current density (a)
and tin content in the alloy (b); holding time in 0.1 mol-1"' KOH solution, min.: 20 (1), 40 (2).

Table 1.
Electrocatalytic and corrosion characteristics of tin-cobalt alloys.
Sn, at.% E .,V Mi100 YV R,, kOhm lgj.., A-cm?
66.7 -0.34 1.4 150 -7.35
40.0 -0.36 0.8 71 -6.15
333 -0.23 0.6 46 -5.78

ISSN 2708-129X. YKp. XiM. XypH., 2025
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The corrosion current of tin-cobalt alloy co-
atings decreases from 1.6-10° to 4.5-10® A-cm™
as the tin content increases, while the overvol-
tage of hydrogen ion reduction increases. Thus,
an increase in the cobalt content leads to an in-
crease in the electrocatalytic properties of the
alloy in the hydrogen evolution reaction, and
an increase in the tin content leads to an im-
provement in the corrosion properties of the
alloy.

CONCLUSIONS. Tin-cobalt alloy coat-
ings were synthesized from a polyligand cit-
rate-chloride electrolyte with a tin content of
5-85 wt. Since the deposition of tin (II) into a
tin-cobalt alloy from a citrate-chloride elec-
trolyte is limited by the preceding chemical
reaction of dissociation of polyligand electro-
chemically inactive complexes [SncitCL]*,
which makes it possible to influence the chemi-
cal composition and functional properties of
the resulting coatings by selecting the ratio of
the electrolyte components and the deposition
conditions. The surface morphology was stu-
died using EDS and XRD methods, and the
phase composition of the tin-cobalt alloy coa-
tings was determined depending on the condi-
tions of their preparation. It was found that with
an increase in current density, the phase com-
position of the coating’s changes. An increase
in the tin content in the alloy improves the
quality of the coatings, increases their corro-
sion resistance and reduces the electrocatalytic
activity in the reaction of hydrogen ion reduc-
tion in an alkaline medium. The dynamics of
the change in the parameters of the equivalent
impedance circuit on tin-cobalt alloy coatings
in 0.1 mol I KOH solution was studied, which
is associated with the formation of a hydrox-
ide layer on the coating surface. The corrosion
current decreases with increasing tin content

https://ucj.org.ua

in the alloy. It was found that the overvoltage
of hydrogen evolution is lower, the higher the
corrosion current, which can be a criterion for
assessing the catalytic activity of the electrode.
= This work was performed with the fi-
Sg) nancial support from the National
Academy of Sciences of Ukraine with-
in the state budget theme “Finishing of
materials in order to give them unique
functional properties” 0123U100650.
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CHHTe30BaHO NMOKPUTTA CIIaBy ONOBO —
KOOAbT 13 MOMMiraHAHOTO IUTPATHO-XIIO-
PUIHOTO €/IeKTPOIiTy. BMiCT 0/10Ba B IOKPUT-
TSIX CIUIaBY OJI0BO — KOOAJIBT 3a/IeKUTh Bif Ima-
paMeTpiB IXHbOI'O OCA/KEHHA 1 3MIHIOETbCA B
mpoKoMy paianasoi Big 5.0 go 85.0 mac. %.
Ocamxennsa onosa (II) y crmaB onoBo - Ko-
6a7bT i3 UTPATHO-XTIOPUTHOTO €IeKTPOITy
JMITYETHCA MONEPENHbOI0 XIMIYHOK peaKIli-
€10 VICONiallil IIO/ITiraHIHUX e7IEKTPOXIMIYHO
HeaKTUBHMX KoMIutekciB [SncitCl ]*~, mo mos-
BOJISIE LIJIIXOM BUOOPY CITiBBiTHOIIEHHS KOM-
IIOHEHTIB €JIEKTPOMITy Ta YMOB OCaJPKEHHHA
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BIUIMBATY Ha XIMiYHWII CKIaf i PyHKI[iOHATb-
Hi B/IaCTMBOCTI OflepXKyBaHMX IIOKPUTTIB. Me-
togamu EDS i XRD nocnifkeHo MOpGoorito
IIOBEPXHi, BCTAHOBJ/IEHO XiMiyHMIT Ta pasoBmit
CKJIaJ] IOKPUTTIB O/I0OBO — KOOAJIBT 3aJIe)KHO
Bifl YMOB IXHBOTO OTpMMaHHA. 30iNbLIeHHSA
BMICTY 0JI0Ba B CIIIaBi IOKpallly€e AKICTb I10-
KPUTTIB, MiBUILYE IXHII KOPO3IIHMIA OIp i
3MEHIIYE e/IeKTPOKATaIiTUYHy aKTUBHICTb y
peakuyii BiTHOB/IEHHSA iOHIB BOJHIO B JIy)KHOMY
cepefoBUIIi.

BuByeHo [uHaMiKy 3MiHM TIapaMeTpiB
€KBIBaJIECHTHOI CXeMM IMIIEJaHCy Ha IOKPUT-
TSIX CIUIABOM OJIOBO — KOOabT 3i BMicToM 33.3,
40.0 i 66.7 aT. % onosa B 0.1 Monb-T' po34MHi
KOH. IlokasaHo, mo AuHaMiKa 3yMOBJI€Ha
YTBOPEHHSAM Ti[pOKCHIHOrO LIapy KoOambTy
(II) Ha moBepxHi MOKpPUTTIB. MeToxOM iMITe-
JAHCHOI CIIEKTPOCKOIII IifATBEPIKEHO YTBO-
PEHHA TiIPOKCUIHOrO 1apy Ha IOBEPXHI I10-
KPUTTIB y Ty>KHOMY cepefoBuli. Buxogsaun 3
PIBHOCTI 3Ha4€Hb CTAHJAPTHUX €IEKTPOSHUX
norenuianis onosa (II) Ta kobanery (II) y
BOJHUX PO34YMHAX, ITOKA3aHO, L]0 3a X YMOB
KOpO3isl MOKPUTTA CIUIABY ONOBO — KOOAIbT
BiflbyBa€eThCsl BHACTITOK PO34YMHEHH KOOAIb-
Ty 3 YTBOPE€HHAM Ha IIOBEPXHI CIIJIaBy CTilIKOI
Bk Tigpokcupy kobanpry Co(OH),. Is
BOJIBT-aMIIEPHUX 3a/IEKHOCTEN PO3PaXOBaHO
ITOKAa3HMKM KOPO3iTHOI CTiMIKOCTi Ta e1eKTPO-
KaTa/JIiTUYHOI aKTUBHOCTI IIOKPUTTIB y peak-
Uil BiTHOB/IEHHA 10HIB BOJHIO B Iy>KHOMY Ce-
pemoBui. ITokasano, 1[0 BUTpUMKA IIOKPUT-
TiB y 0.1 Momb-1! posunnai KOH npussoguts
110 30i/1bIIIeHHS IXHBOTO KOPO3ilIHOTO OIIOpY i
3MEHIIEHHA CTpyMy Koposii. [Ipu migsnmenni
BMICTY 0J10Ba B CI/IaBi CTPYM KOPO3il 3MeHIITy-
eTbcs Big 3-10° mo 1-10® A-cm?. Ilepenamnpyra
peakuii BUiJIEeHHsA BOJHIO IIPU CTPYMi peaxiiil
10 MA-cM? 3pocCTae 3 MiIBUILIEHHAM BMICTY

10

osnoBa B civtaBi Bijg 0.6 B no 1.4 B. Bcranosne-
HO aHTMOATHY 3a/IeXKHICTD IIepeHAPyTy BUJi-
JIEHHA BOJHIO Ha IOKPUTTAX CIIaBy OJIOBO —
KobOanbT Bifi cTpyMmy koposii. Ilepenampyra
TVYIM MEHIIIQ, [0 O/IbIINII CTPYyM KOpO3il.

KnrouoBi crioBa: enekTpoocapyKeHHs, 0JI0-
BO-KOOQ/IbTOBUII CIUIaB, ILUTPATHO-XIOPUJ-
HUI €JIEKTPOJIT, KOPO3iliHa CTINIKICTh, e/eK-
TPOKATa/lIiTV4YHA aKTUBHICTb.
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CTPYKTYPA AQAYKTY 3 TPET-bYTUNIALETOALEETATOM

AKBA-KOMIMNEKCY BIC(TPET-bBYTUJALIETOALIETATO)HIKENHO(I)

JTroomuna I. Kosanv"', Bikmopis B. [Joaxkonenxo 2, Onveepo O. IlImoxeuu’

TnHecmumym 3azanvHoi ma Heopearniunoi ximii im. B. I. Bepnadcvkozo HAH Yxpainu,
npocn. Axademixa Ilannadina, 32-34, Kuie 03142, Yxpaina;
’Hayxkoeo-mexHonoziunuti komnuexc “Incmumym monoxpucmanie” HAH Ykpainu,

npocn. Hayxku, 60, Xapkis 61001, Ykpaina
* e-mail: kamila6719@gmail.com

CrHTe30BaHO Ta JOCIIIPKEHO METOJAMM PEHTTEHOCTPYKTYPHOro aHanisdy ta I-crekr-
POCKoIIii HOBY CITONYKY — afgyKT mpem-0ytunanetoanerary Ni(Il) 3 Buxigaum B-keroecte-
pom. MonekynsapHa cTpykrypa Bignosigae popmymni [Ni,(C,H,,0,),(H,0),2CH,,0,], xpuc-
TaJIi TPUK/IMHHOI CUHTOHIi 3 TPOCTOpOBOIo rpymoio P1, a = 10.0383(12) A, b=11.3490(10) A,
¢ = 13.5420(15) A, a = 87.323(7)°, p = 78.609(8)°, y = 87.412(7)°. Tonieapu atomis Ni - 11e
BUKPVBJIEH] OKTae/Ipy, yTBOPEHI IIiCTbMa aTOMaMI KICHIO, AKi HajleXXaTh TPhOM MOJIEKY/IaM
XeJIaTHOTO JIraHgy 6is/iepHoi CTPYKTypy Ta CKOOPAMHOBAaHOI MoneKynmu Bopu. Kpucranmiu-
He YIIaKyBaHHA XapaKTepPU3YeTbCs AK TPUBUMIPHA CiTKa, IpU LIbOMY MOJIEKY/IN MeTajoxe-
ATy i mpem-6yTUIalleTOAIeTAaTy B KPYUCTA/IAX IIOB’A3aHi Mi>XKMOJIEKY/IAPHMMY BOLHEBVIMU
3B’A3KaMI. Y KPUCTaJI MDXK MOJIEKY/TaMy CIIOCTEPIra€TbCs YTBOPEHHS IOPOXXHIH 00’ €MOM
64.57 A%, mo cTaHOBUTH 4% Bif 06’€MY eneMeHTapHOI KOMipKH.

KirouoBi coBa: Hikenb, mpem-0yTualeToanerar, angyKr, bisgepHa crpykrypa, PCA.

BCTVYII. Kommnekcn meranis i3 B-mukap-
OOHINTbHUMM JTiTaHAAMI, 30KpeMa B-KeToecTe-
pami, € BOXIMBUMHU 00’ €KTaMU JOCITiKEHHS
KOOpAMHALIIHOI XiMil AK y TE€OpPeTUYHOMY,
TaK i NPAKTUYHOMY QaCHEKTi. 3aBAAKM YHi-
Ka/IbHUM CTPYKTYPHUM, €/IEKTPOHHUM i CTe-
PeOXiMiYHMM XapaKTepUCTUKAM, KOMIIIEK-
CU TPOABNAITb HU3KY LIiKaBUX, IMPAKTUYHO
BOXIMBMUX (i3MKO-XIMIYHUX BJIaCTUBOCTEN
i ABmAIOTE cobOI0 iHTepec 1A Karamisy [1],
dapmarneBTVKM 2] Ta MaTepiano3HaBcTBa [3].
Y 3B’A3Ky 3 IUM CTPYKTYpHi [JOCTifl)KEHHA

12

B-mMKapOOHIIPHUX MeTa/I0Xe/IaTiB He BTpava-
I0Th aKTya/IbHOCTi, BiJKPMBAIO4YM HOBI MOX-
NMMBOCTI 1A fu3aiiHy crnennivHNX KpuCTa-
MiYHUX GOPM KOPUCHUX IS Pi3HUX Tamysei
HAYKM 1 TEXHIKM.

Y momepepHix po60OTax OMIICAHO CUHTE3,
OyZOBY Ta CIIeKTpa/IbHi XapaKTepUCTUKN HU3-
ki HOBUX Oismepuux kommiekcis Co(II) Ta
Ni(II) na ocHOBi [-KeToecTepiB 3araabHOI
dopmymu [M,L (CH,OH),]. Cnonykn otpu-
MyBa/lMl 3 BOJIHO-€TAHOJIbHMX pO3YMHIB 3a
METOJAMKOIO, Ky OYy/I0 po3po6IeHO i CUH-

ISSN 2708-129X. YKp. XiM. XypH., 2025



Jliopmuna I. Kosanb, Biktopis B. [ibsikoHenko, Onbrepp O. LTokBuww

YXX Ne1/TOM 91

Te3y B-KeToecTepariB NepexiJHUX MeTaJiB y
KPUCTaTiuHOMY cTaHi (y BUITIALI MOHOKpIIC-
TastiB, npupatHux mist PCA, abo noikpucra-
niB). 3a mauuMmu PCA Meranoxenatu MarmoTh
nofibHy OymOBY, He3ale>XHO Bifi Npupopu
MeTajly Ta CTEPUYHMX XapaKTepPUCTUK ai-
KiTbHUX (parMeHTiB CHMPTOBMX 3a/INIIKiB
niranpis [4, 5]. ¥V pobori [6] omucano 6y-
MOBY affyKTy 3 TPUETUIaMiHOM aKBaKOMII-
nekcy Co(II) 3 mpem-6yTnnmeroaneTaTom
([Co,(CH ,0,),(H,0),2N(C,H,),]), axuii ot-
puMyBany, Ha BiAMiHy BiJ BHUIe3TaJaHNUX
CIIO/IYK, y T€TEePOreHHil CUCTeMI Ha OCHOBI
BoM. JlocUTh HEOUiKyBaHUM BUABUIOCA, 1[0
B aHAJIOTIYHMX YMOBAX CHHTE3Y YTBOPHOETbCA
apnykT mpem-6ytunaneroanerary Ni(I) 3
BUXifHUM [-KeToecTepoM. Pesynbraty cuH-
Te3iB BiATBOpIOIOTBCA. Y I1iill poboTi ommca-
HO CMHTe3 Ta KPUCTAJIYHY OY/IOBY 3raJlaHOro
xommyekcy [Ni(C,H,,0,),(H,0),2CH, 0,]

EKCIIEPMIMEHT I OBI'OBOPEHHA PE-
3YJIPTATIB. KoMIieKC CMHTE30BaHO HACTYII-
HuM umHoM [4]: 0,35 r NiCL-6H,O (1,47
MMOJIb) pO34YMHAIM B 10 M OUCTHIBOBAHOI
Bofu. Po3umH po3ainsanm Ha STk HpobipoK,
y koxHy pomasamu mo 100 mxn (0,6 MMonb,
3arajibHa KilbKicTh B-keToectepy 3,0 MMOJD)
CBDKOIIeperHaHOTO mpem-OyTHaleToareTa-
Ty, cyMim crpymryBamm. IIpobipku 3 peaxiiii-
HOIO CYMIIIIII0 Ta OKpeMy pobipky 3 0,49 M
(3,5 MMOTIb) TpMeTHIAMiHY BMilllyBaiu B I10-
CYyIMHY, AKY T€pMEeTU3YBa/I/ Ta 3a/1MINAAN B
XO/OANIBHMKY Ha JeKinbKa fHiB. Kpucramm
¢inprpyBanm, mpomMyuBamm geKinbpka pasis Bo-
JIOI0 i CyLIV/IM Ha MOBiTpi He Gisblie KiTbKOX
roguH. Buxin — 0,49 r (43 %).

[Y-cniexTp koMIiekcy y tabmerkax i3 KBr
peecTpyBamm Ha cnekTpometpi Specord M-80
B o6macTi 4000-400 cM™'. V criexTpi npucyT-
Hi XapakTepucTuyHi ana P-auKapOOHITbHMX

https://ucj.org.ua

CITOJIYK IHTEHCUBHI IIMPOKI CMYIY IOITIMHAH-
Hs1 BaJICHTHVX KOJIVBaHb CIIPSDKEHMX Y Xe/Iat-
HoMy Kijb1ii 3B’s13kiB C=0 Ta C=C (1639, 1622
Ta 1531 cM™'), @ TAKOXK CMYTH CepeRHbOI iHTeH-
cuBHOCTI 1ipu 1743 Ta 1705 cm™, 1m0 BifmoBi-
[Al0Th BaJeHTHUM KonuBaHHAM rpyn C=0
HeXeJIaTOBAaHVX MOJIEKYN mpem-0yTuaLeTo-
aneraty (B IY-crextpi mpem-6yTunaneroa-
LieTaTy MPUCYTHi CMYTY NOIIMHAHHA V . _, Ke-
todopmu - 1731, 1715 cm™' ta eHonbHOI dop-
mu — 1645, 1655 cm™). Kpim niporo, IY4-criektp
CYTT€EBO Bifjpi3HA€TbCA Bifl CLIEKTPY mpem-0y-
TUIaneroanerary B obmacti 600-1100 cm’,
IO CBIAYMTD NIPO YTBOPEHHS CHHTE30BAHOTO
KOMIIZIEKCY fK iHAMBiya/NbHOI CIIONMyKM (2 He
CyMillli pe4oBMH).

Kpucramkomnnekcy [Ni (CH,,0,),(H,0),
2CH O,] (M =1098.57 r/mMo0nb): TPUKIMHHA
CMHTOHifA, TpocTopoBarpymaPl,a=10.0383(12)
A, b = 11.3490(10) A, ¢ = 13.5420(15) A,
a = 87.323(7)°, p = 78.609(8)°, y = 87,412(7)°,
V=1509.7(3) A>, Z=1,T=294 K, y(Mo Ka) =
0.689 mm?', D = 1.208 r/cm’, BuUMipssHO

064
15410 BimburTiB, 5270 HesamexHux (R ==

0.1894, R, = 03016). Kinucsi snavenns
R, = 0.0896 (m1a BifOMTTIB 3 iHTEHCUBHICTIO
I>20(I)) Ta wR, = 0.2714 (714 BCiX BiffOUTTIB).

[TapameTpy enemMeHTapHOI KOMIpKM Ta iH-
TeHCUBHOCTI BimOutTiB misa C 5, NLO, ) BU-
mipssHo Ha mudpakromerpi Bruker APEX-II
(MoKa-BunpominoBanusa, A= 0.71073 A,
CCD-perextop, rpadiToBuil MOHOXpOMa-
Top). Bukopucrosytoun nporpamy Olex2 [7],
CTPYKTYpPy po3umM(dpPOBAaHO 3a [OIOMOIOI0
nporpamu SHELXT [8] i yrouneno 3a F* mos-
HomarpuuyauM MHK B anisorponHomy Ha-
OMVDKeHHI /11 HeBOJHEBUX aTOMIB y KOMII-
nekci nporpam SHELXL [9]. [Tono>xenHns aTo-
MiB TifIpOT€Hy OTPMMAaHO 3 KapTy €IeKTPOH-
HOI TYCTVMHM) Ta YTOYHEHO 3 BUKOPUCTAHHAM
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moperni «sepmnuka» U = nU, (n = 1.5 pua
METU/IbHUX TPyl i n = 1.2 /14 iHIIKX aTOMiB
rinporeny). Kooppmaaty aTtomiB, a Takox
ITOBHi TaO/MMI[i TOBXMH 3B A3KIiB 1 BaJlEHTHUX
KyTiB ZenoHoBaHO o Kemb6pumxcbkoro 6aH-
Ky kpucranorpadivanx manux (https://www.
ccde.cam.ac.uk/structures) Ta gocTynHi i3 3a-
3HaueHHAM HoMepa CCDC 2403490.

3a JaHUMU PeHTTeHOCTPYKTYPHOTO aHasli-
sy ctpykrypa [Ni,(C.H ,0,),(H,0),2CH O,]
sB/IsiE o000 OisflepHMIT KOMIUIEKC, KMt
3HAXOIUTbCA B CIIELia/IbHOMY TIOJIO>KEHHI
BifIHOCHO oci cumetpii. B xpucrani 6ispmep-
HUJ KOMIUIEKC HiKelTo 3HaXOAuThcA y popmi
CIIIBKpUCTANy 3 mpem-0yTuIaleToaneTaToM
ckmagy 1:2.

Koopaunauiitai nomiegpn aromis Ni(II) - me
BUKPUBJIEHI OKTaeIpy, AAKi yTBOPEHO ILIiCTbMa
aToMaMu okcureny. JliraHaM KOOpAMHYIOTbCA
JI0 aTOMiB MeTany y pisHmit cnoci6 (puc. 1).
Tak, ogue 6igentarauii niradn (O1, O2) xenat-
HO KOOPAMHYE OAVH aToM MeTainy. IIpu npomy
aTOMM OKCUTeHY 3aliMaioTh akcianbHe (O1) Ta
exBaropianpHe (O2) momoxxenHs. JIpyrmit 6i-
mentatHuit niragy (O4, O5) KoopAMHYE aTOM

Nil numre ekBaTopianbHO, Ipu IIboMy aToM O4
IOMATKOBO KOOPAVIHYE SPYIUI CUMETPUYHUIA
arom Nil’(1-x, 1-y,1-z) 6isilepHOTO KOMILIEKCY.
Cumerpuunuit atom O4'(1-x, 1-y,1-z) 3aitmae
JyeTBepTe eKBaTopiajibHe IonokeHHs. Koop-
auHaniiHa cdepa aroma Nil HOMOBHIOETHCA
[0 OKTaeJpU4YHOI aKCiaJIbHO KOOPAMHOBA-
Hoto Mojekynow Bogu (O7). [JoBXuHM 3B’53-
KiB Ni-O B KoOpAMHaLilIHOMY Moiefpi 3mi-
HIOIOTBCS B miamasoni 1.992(5) + 2.099(5) A,
a BajeHTHI Kytm O-Ni-O - B piamasoni
84.7(2) + 94.7(2)° (Tabmn. 1). Taka 6ygoBa KoMII-
JIeKCYy HobOpe y3TOMKYETbCs 3 paHille JOCIi-
mKxeHnMY Komiutekcamu Co Ta Zn i3 mpem-6y-
THUIaLeToaneraroM [6, 10].

Y Kxpucrani Monexynm KOMIIEKCY i mpem-
OyTuaaleToaleTaTy IIOB’fA3aHi MiKMOJIEKY-
JSIPHUMM BOJIHEBMMU 3B’s3Kamu (Tabm. 2),
yTBOpIOOYM criiBKpuctan. Kpucramiyne yma-
KYBaHHS MOJIEKY/I MOXHA OXapaKTepu3yBaTu
AK TpUBMMIpHY CiTKy. CriJj TaKOX 3a3Haun-
TI, 110 B KPUCTa/lIi MK MOJIEKy/IaMI CIIOCTe-
piraeTbcsi yTBOpPEHHS IIOPOXHUH 00’€MOM
64.57 A3, mo cranoButs 4% Bin 00’emy ere-
MeHTapHOI KOMipKu (puc. 2).

Ta6m. 1

Iesiki moB>kuHM 3B’a3KiB (A) Ta BaneHTHI KyTH (Tpag.) y cnomyii
[Ni,(C,H,,0,),(H,0),2CH, ,0,] (onepanisa cumerpii '1-x,1-y,1-z)

Table 1.

Some bond lengths (A) and bond angles (deg.) in the compound
[Ni,(C,H,,0,),(H,0),2CH, 0,] (symmetry code '1-x,1-y,1-z).

Nil—O5 2.007 (5) Nil—O2 2.009 (5)
Nil—O04 2.018 (5) Nil—O1 1.992 (5)
Nil—O04! 2.099 (5) Nil—O7 2.097 (5)
05—Nil—04 90.6 (2) O1—Nil—O05 94.7 (2)
05—Nil—02 84.7 (2) O1—Nil—04! 86.8 (2)
05—Nil—07 93.1(2) O1—Nil—04 89.6 (2)
04—Nil—04! 81.29 (19) 01—Nil—02 93.1(2)
04—Nil—07 86.2 (2) 07—Nil—04! 84.99 (19)
02—Nil—07 91.7 (2)
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09

o10t

09
Puc. 1. Monekynapra O6ymoBa CIOTYKM
[Ni,(CH,,0,),(H,0),2CH O,] (oneparis cumerpii

1373 8 71473
'1-x,1-y,1-z)
Fig. 1. Molecular structure of the compound
[Ni,(C,H ,0,),(H,0),2CH 0,] (symmetry code

'1-x,1-y,1-z).

Puc. 2. IlopoXHMHM B KpHUCTaji CIIOIyKA

[Ni,(CH,,0,),(H0),2CH, 0,

1373 1473

Fig. 2. The voids in crystal packing of com-
pound [Ni (C,H 0,),(H,0),2CH, O,].

1373 1473

https://ucj.org.ua

Tabmunsg 2

TeomeTpuyHi XapaKTepUCTIKN BOJHEBUX
3B’A3KiB Y KOMILTEKCi

[Niz(CsH1303)4(H20)2'2C8H1403]
cumerpii '1-x,1-y,1-z)

(omepanisa

Table 2.

Hydrogen-bond geometry (A, ©) for com-
pound [Ni (CH 0)),(H,0),2CH O.] (sym-
metry code '1-x,1-y,1-z).

D—H--A H-A A |D-A A D—H-4,
2pao.

07—H7A--08 [1.97 2.791(8) |160

07—H7B--01' [2.03 2.830 (7) |155

BMCHOBKJ. CuHTe30BaHO Ta CTPYKTYp-
HO OXapaKTepM30BAHO HOBY CHONYKYy — afi-
nykT mpem-6ytunaneroanerary Ni(II) 3 Bu-
XigHMM P-KeToecTepoM 3arajnbHoi (popmynn
[Ni,(CH,,0,),(H,0),2CH 0,]. B xpucrani
MOJIEKY/IV KOMIUIEKCY i mpem-OyTunaneroa-
IleTaTy II0B A3aHi MIKMOJEKY/IAPHUMM BOJ-
HEBMMM 3B’SI3KaMJl, MDK MOJIEKy/lTaMM CIO-
CTepiraeTbCsi yTBOPEHHSA MMOPO>KHIMH 00’€MOM
64.57 A3 mo cranoBuTh 4% Bif 06’emy ene-
MEHTAapHOI KOMipku. bypmoBa kKoopamnaniii-
HOTO IO/TiefIpy OIMCAHOI CIIOMYKM HOfi0Ha 1o
OymoBu paHille ofiep)KaHMX OislepPHMUX KOMII-
nexciB Co(II), Ni(II) Ta Zn(II) 3 mpem-6yTu-
MaleTOAIeTaTOM.

=— Po060Ty BIKOHAaHO B MeXXax JepK0io-
S% BoKeTHOI TeMM «MoneKynapHuini au-
3aifH, CIIPsAMOBAHMII CMHTe3, (i3NKo-,
0i0-, xiMiuyHe JOCTIIHKEHHS KOOPHMU-
HaOifiHUX Ta CYNpPaMONEeKyIAPHUX
cucreM OioreHHux, dapmaneBTII-
HO-BOKTMBYX METAIIB /LA MeIVMI[VIHI
i TexHikm», Jep>KaBHMII peecTpaliii-
Hui1 Homep: 0121U108899.
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STRUCTURE OF THE ADUCT WITH TERT-

BUTYLACETOACETATE OF THE AQUA COMPLEX
OF BIS(TERT-BUTYLACETOACETATO)NICKEL(HI).

Lyudmila 1. Koval",
Viktoriya V. Dyakonenko"?,
Olherd O. Shtokvysh'.

"Vernadsky Institute of General and Inorganic
Chemistry of National Academy of Sciences
of Ukraine,

32-34 Acad. Palladin Avenue, 03142 Kyiv,
Ukraine;

“State Scientific Institution “Institute for Single
Crystals” of National Academy of Sciences

of Ukraine,

60 Nauky Avenue, 61001 Kharkiv, Ukraine

* e-mail: kamila6719@gmail.com

A new compound, an adduct of the aqua
complex of bis(tert-butylacetoacetato)Ni(II)
with the starting (-ketoester, was synthesized
and characterized by X-ray analysis. Accord-
ing to structural data, the crystal system is
triclinic, space group P1, a = 10.0383(12) A,
b = 11.3490(10) A, ¢ = 13.5420(15) A, o =
87.323(7)°, B = 78.609(8)°, y = 87.412(7)°. The
molecular structure corresponds to the for-
mula [Ni(CH O,),(H,0),2CH O,]. In the
crystal, the nickel binuclear complex is in the
form of a co-crystal with fert-butylacetoacetate
with a ratio of 1:2. The coordination polyhedra
of Ni atoms are distorted octahedra formed by
six oxygen atoms. The fert-butylacetoacetate
ligands coordinate to the metal atom in differ-
ent ways. The oxygen atoms of one ligand oc-
cupy both equatorial and axial positions in the
coordination sphere of Ni. The oxygen atoms
of the second ligand occupy exclusively equa-
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torial positions, with one of them additionally
coordinating the symmetric metal atom of the
binuclear complex. The coordination sphere is
completed by an oxygen atom from an axial-
ly coordinated water molecule and the sym-
metric oxygen atom of the third of the four
ligands. The crystal packing is characterized as
a three-dimensional network, with the mole-
cules of the metallochelate and tert-butylaceto-
acetate in the crystals linked by intermolecular
hydrogen bonds. In the crystal, voids with a
volume of 64.57 A® are observed between the
molecules, accounting for 4% of the unit cell
volume. The compound was also characterized
by IR-spectroscopy. The IR spectrum exhibits
characteristic absorption bands correspond-
ing to the stretching vibrations of C=O and
C=C bonds conjugated within the chelate ring
(cm™): V oy Vcooy @t 1639 and 1622 (strong),
and v, + 8, at 1531 (strong). Addition-
ally, bands at 1743 and 1705 (medium) corre-
spond to the stretching vibrations of the C=0O
groups in non-chelated tert-butylacetoacetate
molecules. In the region of 600-1100 cm™, the
IR spectrum of the synthesized complex differs
significantly from that of tert-butylacetoacetate,
confirming its individuality. The structure of the
synthesized compound is in good agreement
with previously studied complexes of Co(II),
Ni(II), and Zn(II) with tert-butylacetoacetate.

Keywords: nickel, tert-butylacetoacetate,
adduct, binuclear structure, X-ray analysis.
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KBAHTOBO-XIMIYHI PO3PAXYHKWU KYPKYMIHY TA QESKUX

METANOKOMNEKCIB HA A0r0 OCHOBI

A. E. ITop6enxo*, O. K. Tpynosa

Incmumym 3azanvroi ma Heopeariunoi ximii im. B. I. Bepnaocvkoeo HAH Ykpainu,
npocn. Axademixa Ilannadina, 32/34, Kuis 03142, Yxpaina
* e-mail: gorbenkoarthur@gmail.com

I3 BUKOpucTaHHAM HamiBeMIipu4Horo merony PM7 y noennansni 3 mogenno SPARKLE
0y/10 IpoBeieHO PO3paxyHOK OymoBU i3oMepHMX (HOPM Ta eHepreTuKyM KOoHpopMaliiiHux
i TayTOMEpHMX II€PETBOPEHb MOJIEKY/INM KYPKYMiHY, OITMMi30BaHO I€OMETPIil0 JIiraHAy Ta
KoMnekcip nepexignux meranis (Zn(II), Dy(III), Ag(I)) Ha Jioro ocHosi: ZnCur,2H,0O,
ZnCur,-Phen, DyCur,-3H,0, AgZnCur,-H,0-AcOH. Byno pospaxosaHo, onmcaHo Ta npo-
aHa/Ii30BaHO €HEPreTUYHi XapaKTePUCTUKM CIIONYK, TaKi K IIOBHA €HEprid MOJIEKY, €H-
Ta/IbIli YTBOPEHHS, AUIIONBHUII MOMEHT, eHepril BUIOi 3alI0OBHEHOI MOJIEKY/IAPHOI opoi-
tani (E, ) Ta HWKYOi BaKaHTHOI MofeKynsapHoi op6itani (E ), ioHisaliitanit moTeH-
1jiajl, CIOPiIJHEHICTD IO €1eKTPOHA, )XOPCTKICTh, M AKICTb Ta OCHOBHI JOBXWHM 3B A3KY i
3apAAM Ha aTOMaxX. 3a pO3PaXxOBAaHVMMM 3HAYEHHAMM TEIUIOTV YTBOPEHHSA, €EHEPTeTUYHOTO
3azopy AE Ta 3arajbHOIO )KOPCTKICTIO 3p06/I€HO IIpUITYIIeHHs, 10 eHOIbHA (opMa MoJIe-
Ky/I/ KYPKYMiHY € Oi/IbIll eHepreTMYHO BUTIHOI Ta Oi/IbII XiMiYHO peaKIiifHO3/JaTHO HO-
piBHAHO 3 KeTo-popMmor. Kpim 11poro, cTifikicTh Curcbeﬂon IOJATKOBO 3YMOBJIEHO HasABHICTIO
BHYTPilIHPOMOJIEKY/IAPHOTO BOZHEBOTO 3B’s13KY. {11 KypKyMiHaTHMX MeTa/IOKOMIUIEKCB,
HE3aJ/IeKHO Bifl MeTajy, € XapaKTePHOK HEIIaCKa CTPYKTypa, B AKill KypKyMiHOBI JiraH-
IV KOOPAMHOBaHI OileHTaTHO-XelMaTHO 4epe3 [-AMKeTOHOBMIT PparMeHT 3 YTBOPEHHSIM
6-unenHux Metanonukiais [OMOCCC]. Ananis 3HaueHb €HTAJIbIIII yTBOPEHHS KOMIUIEKCIB
II0Ka3aB, 1o Ipolec popMyBaHHA MOJIEKYN € ek3oTtepMmiyayuM i AH 36inbmyerses y pany
AgZnCur,-H O-AcOH>DyCur,-3H,0>ZnCur,-2H,0>ZnCur,-Phen. Haiimenm crabinb-
HUM € KOMIIIEKC ZnCurz-Phen, 10 TAaKOX MiJTBEPIPKYETbCA 1 HaIMEHIUMM 3HA4YE€HHAM
eHepretuyHoro 3asopy (AE = -6,66 EB). [TokazaHo, 10 y rerepomMeTaTiyHOMy KOMIITIEKCi
AgZnCur,-H,0-AcOH criocrepiraeTbcs TeH/IEHIis 10 yTBOPEHHs 6i/bIll KOMITAKTHOI CTPYK-
TYpHU, 110 MOXKe OyTu 3yMOB/IeHO (pOpMyBaHHAM C/TaOKMX BOJHEBMX 3B A3KiB MK Kap6o-
HiIbHMMM aTOMaMy KVCHIO MOJIEKY/I KYPKYMiHY, KOOPAVHOBAHMX 10 aTOMiB Zn Ta Ag.

Knio4oBi cmoBa: KypKkyMiH, KOMIUIEKCH, IVMHK, AMUCIPO3iil, cpi6no, KBaHTOBO-XiMiuHi
PO3paxyHKH.
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BCTYII. Ilpuponuuil aHTMOKCUIAHT Kyp-
KyMiH [1,7-6ic-(4-rigpokcu-3-mMeToKcude-
Hin)-1,6-renragien-3,5-mgion, H Cur, HL)] €
OCHOBHMM KOMIIOHEHTOM KOPHEBUI POCIIN-
1 Curcumalonga L. KypKyMiH 3[jaBHa BYKO-
PUCTOBYBa/IN Ha CXOfi sIK OApPBHIK, ajie OKpiM
IIbOTO BifI3HAYasIN i JI0TO /TiKyBaIbHMIT eeKT.
KypkyMiH geMOHCTpye 4ymoBuii crieKTp ¢ap-
MaKOJIOTiYHOI aKTMBHOCTI, BK/II0Yal04y aHTH-
OKCHJIaHTHY, NPOTM3allajbHy Ta IPOTUIIYX-
JIVHHY aKTUBHICTb [1-3]. HesBaxaroun Ha Te,
10 KYPKyMiH BOJIOJIi€ LIMPOKUM CIEKTPOM
6iomoriyHoi aKTMBHOCTI, JIOro KIIiHiuHe 3a-
CTOCYBaHH: YCK/IaJHEHO Yepe3 HU3bKY 6iofo-
CTYIHICTB, sIKa 3yMOBJIeHa rifpodo6HOI0 Ipn-
POROI0 KYPKYMiHY, 10r0 C/lTabKMM BCMOKTY-
BaHHAM y KVIIKiBHVUKY Ta LIBUJKUM MeTabo-
nizmMoM [4]. TakuM 4ynHOM, icCHY€ HEOOXiHICTD
HiBUIEHHA 6I0ZOCTYIHOCTI Ta PO3YMHHOCTI
KYPKYMiHY Yy BOJi 3 METOIO IIOCUJIEHHS JIOTO
¢dapmakosoriyHoi fiii. OKpiM BUKOPUCTAHHA
HAHOYACTMHOK, JIirocoM, Minen ta ¢ocdori-
MiIHMX KOMIUIEKCIB Il TIOKpallleHHs 06iomo-
CTYIIHOCTI KYPKYMiHY, Ile OJHUM IIiJXOIOM
IUI BMpILIeHHA 3a3Ha4yeHUX IpobeM € OT-
PVMMaHHA KOMIUIEKCIB KypKyMiHy 3 iOHaMu
IepexigHNUX MeTaniB. B ogHOMY 3 OCTiKEHD
6y/10 BCTAaHOBJIEHO, III0 KOMIUIEKC KYPKYMiHY
3 ioHaMm Zn’* moKpaiye i1oro po3YMHHICTB,
CTabiNbHICTb Ta apMaKoAMHAMIYHI BIaCTH-
BOCTIi. 3aBJsIKM CUJIBHO KOH I0TOBaHii B-ayKe-
TOHHIN TPyl y XIMIYHIN CTPYKTYpi KypKyMi-
HY BiH JIETKO YTBOPIO€E Xematy Tumy 1:1 ta 1:2
3 pisHUMM iOHaMu MeTasiB, Takumu sk Mn*",
Fe**, Cu®*, Zn**, AI’* ta Fe**. lle npussoantsb
10 YTBOPEHHS METa/IOKOMIIEKCIB KYPKYMIiHY,
AKi MOXKYTb MaTy 61/1b111 BUpakeHi e eKTH 1mo-
piBHAHO 3 BimbHUM KypKyMiHoM [5-12]. Cy-
YacHi JOCTimKEeHH IMOKasau, o 6ioxiMiuHa
aKTVMBHICTb KYPKYMiHY IIOCU/IIOETHCS 3aBAAKNI

https://ucj.org.ua

jioro MetanokomIiekcaMm [7]. Kpim nporo, 3a
OCTaHHIi [eCATh POKiB KOMIIIEKCOYTBOPEHHA
KYPKYMiHY 3 Pi3HUMM MeTajlaMii IIPUBEPHY/IO
3HAUHY YBary sK OfJHOTO 3 Halle()eKTUBHIIINX
MIIXONiB I OLiHKM 6araTbox 0iomoriyHmx
BJIACTMBOCTEN KYpPKyMiHY, TaKMX fAK IPOTHU-
IYX/IMHHA, aHTMOKCUAAHTHA, aHTUMIKpoOHa
Ta IIPOTK3aIa/ibHA AKTUBHICTb.

MeTtan-KypKyMiHOBI KOMIIZIEKCM MOXKYTb
BiflirpaBaTy 3HauUHy pOJb y Teparii XBopoou
AsbureiiMepa 3aBOSAKM 3JATHOCTI OYMILY-
BaTM KPOB Biff akTMBHMX PopM KucHIO. Ok-
pIM LIbOTO, CIIONYKM KYPKYMiHYy 3 MeTalaMu
Ta MeTajieBi HaHOYACTMHKY, MopugikoBaHi
KYPKYMiHOM, BiJKpMBaIOTh HOBI MOXX/IMBOCTI
IU1s BUKOPUCTaHHA KYPKYMIHOI/IIB Y JOCTaB-
JIEHHI JIiKiB, TepalleBTUYHMX IIpoLefypax i AK
antnokcumanTiB [13]. [To Toro x mesaki mera-
JIOKOMIIZIEKCY KYPKYMiHY BUABJIAIOTD aHTHAP-
TPUTHI, aHTVPEeBMAaTNYHi, aHTUMIKpOOHi, aH-
TUTPUOKOBI Ta aHTUBIPYCHi B/IACTUBOCTI, 1I]0
HigKpec/Tioe IXHiil TOTeHIian AK 6araToQyHK-
I[iOHa/IbHUX 3ac00iB i3 IMPOKMM CIEKTPOM
TepaneBTUYHOI [il, MonibHUM MmO [l caMoro
KypkyMminy [14].

KypkyMiH Ta iforo noxijgHi 3gaTsi yTBopIo-
BaTV KOOPJMHAIVHI CrIOyky 3 6i/bIIicTIO
MeTaJliB IEePioAMYHOl CUCTEMM, NPOTe Hail-
6i)1bu1y KIZIbKICTD [OC/IPKEHb IPUCBAYEHO
KypKyMiHaTtaM 0OioreHHuX MeramiB. 30KpeMa,
y po6oTi [9] BCTaHOB/IEHO, IO KOMIUIEKCH
Cur-Fe(III), Cur-Zn(II) i Cur-Ca(II) maroTb
BJMICOKY PO3YMHHICTD i IEMOHCTPYIOTh 3Ha4-
HO CUJIbHINIY aHTUMOKCHUJAHTHY Ta aHTUMi-
KpOOHY aKTVUBHICTb IIOPiBHAHO 3 YUCTUM
KypKyMiHOM momo Oakrepii Escherichia
coli. JocnigmkeHHs KoMIlekciB 3-d-merasiB
Cu(II), Ni(II), Co(II) i Zn(II) 3 kypkymiHOM
II0OKa3aso, 110 BOHM MAKTh BUIIY aHTUMi-
KpOOHY aKTMBHICTb IPOTY TPAaMHETaTVBHUX i
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IPaMIIO3UTUBHMX OaKTepiil, HDK caM JIiraHp,
IpUYOMY AKTMBHICTb 3MIHIOETBCA Y pALY
CuLCI>ZnLCI>NiLCI>CoLCl [8].

3 orAfy Ha fiedAKy CKIa[HICTh eKCIlepu-
MEHTAJIbHOTO JIOC/TIIPKEHHA CTPYKTYPU MeTa-
JIOKOMIIJIEKCiB KYPKYMiHY, a CaMe IPOBeleHH
PCA, 3Hayny ponb y cy4acHUX JOCTIIPKEHHAX
BiflirpaloTh KBaHTOBO-XiMiuHi Metomu [15].
KBaHTOBO-XiMi4HiI pO3paxyHKN [I03BONAIOTH
IIPOrHO3YBaTU T€OMETPIiI0 KOMIIJIEKCIB, TUIIN
XiMiYHMX 3B’$3KiB, €HepreTM4Hi XapaKTepu-
CTUKM B3a€EMOJil MiXK JiTaHIOM Ta METaJIOM.
30KpeMa, MeTO[M KBAaHTOBO-XiMiYHMX po3pa-
XYHKIB [O3BOJIAIOTb BU3HAUUTY ONTHMMA/IbHY
reOMEeTPil0 MOJIEKYIAPHUX CTPYKTYP, L0 103-
BOJIA€ Iepef0aunTy HaibiIbIll eHepreTMYHO
BUTIZHY KOOpAMHAILIIIO JIiraH/ly HaBKOJIO iOHa
Mmetany. Lle fae smory edeKTMBHO MOJIe/TOBa-
T HOBi KOMIUIEKCH 3 ITOKPAIlleHNMM BJIaCTH-
BOCTAMM, a TAaKOX IlepefbadaTyl IXHIO ITOBe-
IiHKY B Pi3HIX YMOBaX, 30KpeMa Y BOHMX Ta
6ionoriunnx cepenosumiax. OKpim 1jpoOro, Taki
PO3paxyHKM CIIPUAITH KPAL[OMY PO3yMiHHIO
€IeKTPOHHOI IPUPOAM XIMIYHUX 3B A3KiB, 110
€ KJTI0Y0BJM (PaKTOPOM JJIS1 TOACHEHHS MeXa-
Hi3MiB IXHbOI 6i0/IOTiYHOT AKTUBHOCTI.

OpHielo 3 MOHEPCHKUX POOIT, AKY Npu-
cBsiueHo DFT-mocmimkeHHI0 BIACTUBOCTEN
KypPKYMiHYy, CTana coinpHa pobora 6Gomrap-
ChKUX Ta HiMeIbKuX BYeHUx [16]. Bonu Bu-
KOPUCTAIM TPUIIAPAMETPUIHNIT (PYHKI[iOHAT
B3LYP i3 6asucom 6-31G*. ABTOpu mnposenn
KOH(OpMAIiifHMIT aHa/Ii3 Ta BCTAHOBWIN, 1110
MOJIEKy/Ia KYPKYMiHY B KpPUCTa/lTi4Hill CTPYK-
Typi icHye B eHONbHIN ¢opmi. 3rifHO pospa-
xyHKy (B3LYP/6-311G*), enonbHa popma Bu-
sABWIacs OinbII cTabiNbHOM, HIX KeTo-(opMma.
Kondopmaris 6inpm crabinpHoro isomepa
KyPKyMiHY IIpaKTUYHO 30ira€Tbcs 3 Ti€o, sika
CIIOCTEPIraeTbcAd B KPUCTANIYHIN CTPYKTYPpi.
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Y Bunajxy B3aeMofiii KypKyMiHy 3 ¢pepMeHTa-
My MoxmBi iHmi koHdopmanii. Takoxx 6ymo
BCTaHOBJIEHO, 110 eKCIepUMeHTa/IbHi Ta Teo-
pPeTUYHI pe3yIbTaTy MOKa3ylTb, WO AHTHU-
OKCUJAHTHI B/IacTUBOCTI ¢eHonbHOI popmu
KYPKYMiHY HOSICHIOIOTBCS CM/IBHOIO KOH IOTra-
L[ie}0 MK IBOMa apOMAaTMYHUMU KiJbIAMM,
1O MIiCTATD aKTVBHI aHTMOKCU/IAHTHI LIEHTPU,
a came ¢eHonbHi rpyny -OH.

Y mpani [15] aBropu nposemn DFT-pos-
PaxyHKM MOJIEKY/IM KYpKyMiHy Ta JOro Me-
tanoxkomIiekcis i3 Ni, Cu ta Mg. byno Bcra-
HOBJIEHO, 10 (eHONMbHA (opMa KypKyMiHY
(Cur-enol) € enepretudHo 6inpI cTabinbHO0
Ta 610/I0TIYHO Oi/IBII AKTUBHOIO MOPIBHSHO 3
ii Tayromepom Cur-Anti-diketone. Kpim 11p0-
T0, aHTMOKCHUJaHTHI BracTuBocTi popmu Cur-
enol, pospaxosani Meromamu ETS-NOCYV,
takumu AK BDE, BuaBumica kpammymm nopis-
HAHO 3 Cur-Anti-diketone Ta jforo xomex-
camy. OKpiM 11pOro OYy/10 JOCIKEHO aHTHU-
OKCUJJAHTHI B/IACTUBOCTI KYPKYMiHy Ta J10ro
MeTa/IOKOMIIIEKCIiB. Y BMITQ[Ky AHTUOKCHU-
JAHTHOI il 3 MeXaHi3MOM IIEpEHOCY BOJHIO
6inpur akTuBHUM O0yB Cur-enol mopiBHsAHO 3
Cur-Anti-diketone. Kommnrekc MgCur mpo-
[IeMOHCTPYBaB HaMKpally aHTMOKCUAAHTHY
aKTUBHICTD, 1IJ0 aBTOPYU MOSCHIOIOTD, BUXOMA-
4y 3i 3HaueHHs eHeprii B, | (AK Halikpammii
JIOHOp eNeKTpoHiB). Takox Oymo gocimkeHo
PO3YMHHICTD KYPKYMiHY Ta J10r0 IMOXiJHUX.
Pospaxynkn mokasanm, mo tayromepu Cur-
enol i Cur-Anti-diketone 6ymn posunHHUMM
B JIMCO, ane He posumHHuUMMU y Bopi. IIpn
IIbOMY KOMIIJIEKCOYTBOPEHHS CIIpUA€E PO3U-
HEHHIO KYPKYMiHYy Y BOJi Ta IIOKpally€e Tepa-
NeBTUYH] eeKT.

Po6ory Buennx 3 Iupii [17] 6ymo npucssye-
HO B3a€MO/Iil KYpKyMiHy 3 aHTIOTEeH3UH-TIepe-
TBOPIOIOYNM (PepPMEHTOM, TPAaHCMEMOPAHHOIO
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CEPMHOBOIO NPOTEa3010 2, 3-XIMOTPUIICUMHO-
HOAiOHOI0 TIPOTea3ol0 Ta IANaiHONORIOHO
IIPOTEA3010 3a [IOIOMOIOK MOJIEKY/IAPHOTO
MOKIHIy Ta KBAaHTOBO-XiMiYHMX PO3PaXyHKIiB
IS MOCATHEHHA KiJIbKICHOTO pO3YMiHHA OC-
HOBHMX B3aeMOfIiil. [JoCmipKeHHA KypKyMiHy
6yno nposeneHo 3 6inmkamu TMPRSS2, ACE2,
PLpro Ta 3CLpro, ski noB’si3aHi 3 KOpoHaBi-
pycom SARS-CoV-2. [Ina notpeb aBTOpM BU-
KOPUCTOBYBA/IM TPUIIAPAMETPUYHY MOJENb
B3LYP i3 6asucom def2-TZVP i3 BukopucraH-
HAM nporpaMHoro makety GAUSSIAN. Kom-
6iHOBaHMIT MOJIEKY/IIPHMIL JOKIHT i JeTabHi
pO3paxyHKM KBAaHTOBOI XiMii IIOKasanu, L0
KYPKyMiH MO)XHa CIPUIHATU AK ITOTEHIiil-
HuUil 6ararouinpboBuil iHribitop mpotu SARS-
CoV-2.

B inmiit po6ori [18] xykypmiHoign pos-
A AK iHribiTopu Koposii. PospaxyHok
MOJIEKY/I IIPOBOAVIIA  HaIliBEMIIPUYHUMU
Merogom PM3 ta PM7. Buxopgaum 3 pospa-
XYHKIB, aBTOpY II0OKa3ajy, 110 KYPKYMiH Ma€
BUIY epeKTUBHICTD iHriOyBaHHA KOpO3ii, HiX
IeMEeTOKCUKYPKyMiH. Takuit BUCHOBOK Oyro
3po06eHo, 6a3younuch Ha 3HAYEHHAX eHepre-
TiaHOro 3a30py (AE) kypkyminy (8,991 eB) Ta
IIeMeTOKCUKYPKyMiHY (9,433 eB).

Y pobori [19] aBTopu ony6mikyBamu Teo-
PeTUYHI [OCHIIPKEHHA, IPUCBAYEHI MIXMO-
JIEKY/IAPHOMY II€PEHECEHHI0 aTOMIB BOJHIO
Ta IMPOLECY TayTOMEpU3allil MK €HOIbHOIO
Ta KETOHHOI dopMaMM KYpKyMiHY i3 3acTo-
cyBanHAM DFT-pospaxynkiB. XiMmiuHy ax-
TUBHICTb PO3IVIAHYTUX MOJIEKYI OY/IO HOCITi-
IPKEHO 3a JOIIOMOTO0X0 I7I00a/IbHMX KOHIIETIIii1
M’AKOCTI Ta YXOPCTKOCTi. By/o BcTaHOBIIEHO,
10 cepe IBOX i30MePiB KYpPKYMIHOEHOIbHIUI
i3oMep BUABUBCA Oi/bII AKTUBHUM, OCKi/IbKM
BiH MaB MiHiMa/IbHe 3HaY€HHA €Hepril Ta MakK-
CUMaJIbHE 3HAYE€HHS YKOPCTKOCTI.
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CBoero ueproi, y [20] 6yno nmpoananiso-
BaHO €HepreTuYHi Ta CTPYKTYpPHi BIacTH-
BOCTi (DeHO/NBHUX Ta KETOHHMX TayTOMepiB
KypKyMiHy Yy BakyyMmi. KBaHTOBO-XiMi4Hi
pospaxynknu (B3LYP/6-311G*) mokasanmu, mo
MOJIEKy/Ia KyPKYMiHY B KPUCTaJIiYHill CTPYK-
Typi iCHye mepeBa)XHO B €HOJBHIil (dopmi,
sKa € OinbuI cTabinbHOIO, HIXK KeTo-dopMma.
JIBa eHOM-«KapOOHITbHI» aTOMI OKCUTEHY Jie-
MOHCTPYIOTh CUIBbHI akuentopu H-3B’sA3kiB,
a ixHsa crenudivyHa B3a€MOis 3 BifIOBigHU-
mu rpynamu H-pmoHOpiB (pepMeHTiB MOXYTb
3pobuty QeHonpHUIT KOHPOpPMEp KYpPKyMi-
HYy INepCIeKTVBHUM HJIA 3B A3yBaHHA Qep-
MEHTIB.

Y niit poboTi mpefcTaBIeHO pe3yNbTaTH
KBaHTOBO-XIMIYHMX PO3PaxXyHKIB MOJIEKY/IN
KYPKYMiHy Ta JI0TO KOMIIJIEKCIB i3 MeTanmaMu
3 BUKOPUCTAHHAM MeTOHIB Teopii pyHKITioHa-
ny ryctuan (DFT) ta iHmmx cyyacHux KBaH-
TOBO-MeXaHiYHMX mifxopiB. OCHOBHYy yBary
NPUJIITIEHO MOCIIDKEHHIO BIUIMBY IIPUPOAK
MeTaJIy Ta JI0r0 KOOPAMHALIIHOTO OTOYEHHHA
Ha TeOMETPUYHI Ta €/IeKTPOHHI IapaMeTpu
KYPKYMiHOBMX KOMIUIEKCIB. Byno posrianyTo
BIUIMB KOMIUIEKCOYTBOPEHHSA Ha €HepreTMYHi
XapaKTEePUCTUKM Ta POSMNOLII €IeKTPOHHOI
ryctuin B cuctemi M-H Cur. Pesynbratu
KBAaHTOBO-XIMiYHMX PO3PAaXyHKiB MOXYTb
CTaTV OCHOBOIO /I ITOJA/IBIIOTO PO3pOOIIeH-
HA HOBUX e(DeKTMBHMX MeTa/l-KypKyMiHOBMX
KOMIUIEKCIiB 13 moKpamieHumMu ¢ismko-ximiv-
HUMM Ta papMaKOIOTiYHUMIY B/IACTUBOCTAMMA
Ta POSMIMPEHNMY MOXXIMBOCTAMM 3aCTOCY-
BaHHSA B MEJUIVHI 11 610T€XHO/IOrisAX.

EKCIIEPMMEHT I OBI'OBOPEHH/A PE-
3YJIBTATIB. IlpoBefieHO KBaHTOBO-XiMiuHi
PO3paxXyHKM MOJIEKY/IN KyPKyMiHy Ta MOHO-,
3MIIIAHOMITAaHAHOIO Ta TeTepPOMETaIYHO-
ro ('MK) meranokommnekcis Zn(II), Dy(III)
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ta Ag(I) Ha jtoro ocHoBi. Byno pospaxoBano
€HTa/IbIIil0 YyTBOPEHH:A, IOBHY €HEPril0 MO-
JIEKy/I, MOBXMHU 3B’A3KIB Ta IapaMeTpu
€/IEKTPOHHOI 3aCe/IEHOCTI MOJIEKYIAPHUX Op-
6itasneit. KBaHTOBO-XiMiYHiI pO3paxyHKU Bu-
KOHYBA/I/ 3a JIOIIOMOIOI HaIliBeMIIipMYHO-
ro merogy PM7 (mnsa omrmmisanii 6ymoBm
KYPKYMiHy Ta J10Oro KOMIUIEKCiB i3 Zn Ta Ag)
y noepHanHi 3 Mogewtio SPARKLE (mna pos-
paxynky xomruiekcy DyCur,-:3H O ananoriv-
HO 1o [21]). Po3paxyHok reomeTpil MOIeKy
IPOBOAVIIN i3 BUKOPUCTAaHHAM IPOrPAMHOTO
3abesneuennss MOPAC2016 [22]. MeTog PM7
(Parameterized Modelnumber 7) 6asyerbca
Ha HaNiBeMIIpUMYHOMY IIAXOAI 4O KBaHTO-
BOTO PO3paxyHKy €/lIeKTPOHHOI CTPYKTYpu
MOJIEKY/T Y KOMITI0TepHilt ximii [23]. Metox
PM?7 6yno mapaMeTpu3oBaHO 3 ypaXyBaHHAM
eKCIIepMMEHTA/IbHIX i BUCOKOTOUHUX abinitio
NOBIJKOBMX MIaHMX, [IOIIOBHEHNMX HOBUM TU-
IIOM JAHUX, AKi CIPAMOBAHI Ha TOYHillle BU-
3HA4YEeHHsA CTPYKTYpM IapaMeTPUYHOTO IIpo-
cropy [24].

Y 3as3HaueHiit po6oti 6yn0 HagaHO MOPiB-
Hauusa NDDO-mertoniB, Takux sk AM1, PM3,
PM6. ABTOop 3a3HauuB, 10 3HAYHE 30i/IbIIeH-
H:A TOYHOCTi MeTony PM7 6y/0 focsrHyTO Hic-
JIS1 TOTO, SIK OY/10 BHECEHO JIesIKi allpOKCUMYIO-
4i MOBiIKOBi JaHi HEKOBAa/JIeHTHMUX B3a€EMO/IiIA.
B pesynbrari moxmbka B TeI/IOTaX YTBOPEHH:A
OpraHiuYHMX TBEPAUX PEYOBUH, 0OUMCIIEHUX
3a gonomoroxn PM7, sMeHIIMIacsl Ha IIOHAT
50 % BigHOCHO Meromy PM6, axuit paniiie
BBAXKAJ/IM OJHUM i3 Hal1Oi/IbIlI TOYHMX METOMIB
NDDO. Bopnoyac mOMMIKM B ONTHMi3alii
reomeTpii Monmekymu MerogoM PM7 6yno
3MEHIIEHO Ha TPEeTMHY BiJHOCHO METOARY
PM6. ABTOp BUKOHAB ITapaMeTpu3al}ilo MeTo-
ny PM7 3 ypaxyBaHHAM €KCIEPMMEHTA/IbHUX
i BucokoTouHMuX abinitio MOBIZKOBUX NAHUX,
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SKY i 6y/10 BUKOPUCTAHO Y Halliil po6ori. bes-
YMOBHO, abinitio-MeTogy BBa)XKAIOTb Oi/IbII
TOYHMMM i HafgifHUMU. AJle OCKIIBKM BOHU
BJMMAralTh Jy>XXe BEIMKUX PO3PAXYHKOBUX
IIOTY>KHOCTEN Ta JOCUTH JOPOTOro Mporpam-
Horo 3a6esnevyeHHs Tuiry GAUSSIAN, To Bu-
6ip 6y/0 3ynuHeHO caMe Ha HaIliBeMITiprYHO-
My MeTopii PM7, sikuit jo6pe cebe 3apekoMeH-
IlyBaB i Ma€ HeBEIMKY IMOXMOKY HOPIiBHAHO 3
abinitio-meTogamu.

Ilepsunny onrTuMisanioo reomerpii mone-
Ky/I 3[i/ICHIOBA/M 3a JOIIOMOIOI IIpOTpaMmu
Avogadro 1.2.0 [25]. OcTarouni ontumisoBaHi
CTPYKTYpM Ta PO3IIOAIT 3apsARy Oy/o Bisyari-
30BaHO 3a JIONIOMOIOK IPOTPAMHOTO IAKETY
HyperChem 8.0.6 [26] Ta Avogadro 1.2.0.

XiMiYHY CTPYKTYpPy KYPKYMiHYy y JIBOBU-
MipHOMY BUIJIAJL IIPEICTaBIE€HO Ha puc. 1, a.
Mornexyna KypKyMiHy MiCTUTb ABi o,p-HeHa-
cryeHi KapOoHinpHiI rpynu, pospaineni -CH,-
TPYIIOI0, CUCTEMY CIIPsDKEHMX 3B A3KiB, a Ta-
KOXX 4-TiI[pOKCU-3-METOKCY 3aMiCHUKM Ha
¢deninpHOMY Kinbui. TayromepHa popma Kyp-
KyMiHY 3a7IeKUTh BiJl IOIAPHOCTI PO3YMHHMI-
ka ta pH cepepoBuma. Tax, y Kucinomy ta Heli-
TPa/JIbHOMY CEpPeIOBUIAX IepeBaXka€ KeTOH-
Ha ¢popMa, a y Ty>KHOMY — eHoJIbHa (puc. 1, 6),
AKa Ma€ TpM HE3B’SA3HUX MPOTOHM — €HOJb-
HUII i gBa exBiBaseHTHi (eHONbHI. [Ipnuomy
eHONbHA (opMa Oi/bII CXWIbHA [IO HeTpaja-
Lii. Y HeNolApHUX PO3YMHHMKAX KYPKyMiH
icHye mepeBa)KHO B eHOJBHI HopMi, sIKa MifI-
TPUMYETbCA 3a JJOIIOMOIOK YTBOPEHHS BHY-
TPIlIHbOMOJIEKY/IAPHOTO BOJHEBOTO 3B A3KY,
a B MONIAPHUX PO3YMHHMKAX BiH IIEPEXOJUTDH
y nuKeTo-dopmy.

Ha puc. 2 naBefeno ontumisoBaHi CTPyK-
TypM MOJIEKyIM KYpPKyMiHy y ¢opmi eHOmy
(puc. 2, a) Ta keto-dopwmi (puc. 2, 6).
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KeToHHA {opra eH0IBHA {opMa

Puc. 1. Bynosa Morekynu KypKyMiHy (a) Ta iforo KeTo-eHo/IbHa TayToMepis (6)
Fig. 1. Structure of the curcumin molecule (a) anditsketo-enoltautomerism (b).

Puc. 2. OnTnmisoBaHa CTPyKTypa MOJIEKy/IU KypKyMiHy y eHOJbHIl (a) Ta KeToHHIl (6) popmax
Fig. 2. Optimized structure of the curcumin molecule in the enol (a) and ketone (b) forms.
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Amnanisyo4yu npefcTaBleHi JaHi, MOXHa
CTBEPIXKYBATH, 1[0 KeTO-(hopMa MOxe iCHyBa-
TV /e B anmu-popmi. Uepes cuibHe ernex-
TPOCTaTM4YHE BiJIITOBXYBAaHHSA HETaTMBHUX
JaCTKOBMX 3apsA/iB Ha KapOOHIIbHUX aTOMax
KICHIO y KeTo-¢dopmi (Tabn.1) sioro cun-¢pop-
Ma IIepPeTBOPIOETbCA B anmu-popmy. Y el
Jac eHo/lbHa (opMa KYpKYMiHY 3HaXOOUTbCS
Malke B OfHii mnoumuHi. Pospaxynkm moka-
3YI0Tb, [0 MK atoMoM H eHOmbHOI rpymnm
Ta atoMoM O KapOOHi/IbHOI TpynM B €HOJb-
Hiit popMi KypKyMiHy iCHye BogHeBMil 3B’-
30K, OCKiJIbKM BiJICTaHb Mi>XK aTOMaMI KMCHIO
KapOOHIIbHYX IPYII Y KeTO-POpMi CTAHOBUTD
4,051 A, roni sk B enonbHiit Gopmi - 2,622 A
(puc. 3), mo 36iraerbcs 3 pesynbTaTaMu po-
6otu [27], B AKiit 6y/10 OIMMCaHO KPUCTATIYHY
CTPYKTYPy MOJIEKY/IN KYpPKyMiHy. ABTOpamMu
IOBENEHO, IO KYPKYMiH KpPUCTaIi3yEThCA
IIEeHTPOCMMETPUYHO B €HONbHIN dopMi, sKa

CTabii3yeTbCcs CUIBHUM BHYTPIilIHbOMOJIE-
KysipauM H-3B’13k0M (2,918A).

I3 puc. 3 BUHO, 110 1Bi IOJIOBMHY €HOIbHOI
dbopMu BiTHOCHO LIEHTPATBHUX KapOOHiNb-
HIUX TPYN € IVIACKMMMU. [IBOTpaHHMIT KYT MK
¢deninpHuM Kinbrem i mictkom C-C kap6o-
HiTbHMX I'PYyH Ma€ 3HaueHHA = 178°. Ile mop’a-
3aHO 3 KOH I0Talli€l0, IKa CIIOCTePiraeThbcst M
mictkoBuMu aromMaMy C-C mopBifiHUX 3B°53-
KiB Ta apoMaTUYHUMU (PeHiITbHUMU KinmbIis-
M. KBaHTOBO-XiMi4Hi pO3paxyHKM IIOKa3an,
[0 Yy MOJEKYT KypKyMiHy (€HOM) OBXMHA
3B’a3Ky C — O (eHOMbHMIT) cTaHOBUTD 1,356 A
i € MOpiBHAHO Oi/NBIIOIO 32 NOBXNHY 3B A3KY
C = O (keto) - 1,223A. [JoBxuHa BOIHEBOTO
3B’A3KY, HaABHOTO B €HO/MbHIN (opMi, cTaHo-
BUTH 1,772 A, a KYT fopiBHIO€ 15° 110 3rimHO
3 [28, 29] moxxHa kmacudikyBaTH AK CUIbHI,
nepeBaXHO KoBajeHTHI H-3B’A3Ku.

TH «H

O 3806/ 11093
8 1.10966
1.3593 c
’ 1.1104°H
<

Puc. 3. Po3paxoBaHi JOBXXIHY 3B’A3KiB y €HO/BbHIiT pOpMi MONIEKy/M KYpKyMiHY
Fig. 3. Calculated bond lengths in theenol form of the curcumin molecule.

Y Tab. 1 HaBeleHO pO3paxoBaHy ONTUMi-
30BaHy €HEpril0 POSINIAHYTUX BUILE CTPYK-
Typ. OTpMMaHi pesynbTaTy IOKasany, IO

24

teriota yrBopeHHs (AH) Ta moBHa eHepris
(AG) enonbroi popmu H,Cur € MeH1IO!0, HixX
st Ketopopmu KypkyMmiHy. Ile HOsSCHIOETD-
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Cs1 HasIBHICTIO BOJHEBOTO 3B’SI3KY B €HOJIbHI
dbopmi, o npusBoaUTH A0 cTabimi3anii 3a3Ha-
YEeHOT0 TayToMepa AK Oi/IbII TepMOAVHAMIYHO
BUTiTHOI popMu. [JUTIONMBHMIT MOMEHT €HOJTY €
3HAYHO Oi/IBIIVIM HOPIBHAHO 3 KeTO-(HOPMOIO,
IO CBigYUTHh NpoO OibIy HepiBHOMIpHICTDH
3apsAny y Monekyni enony. EnepreTuunmit 3a-
30p (AE) Mix eHeprisiMu BMIINOI 3aIIOBHEHOT
monekynapHoi op6irami (E, ) Ta HmxJoi
BaKaHTHOI MonekynsApHoi op6irani (E ) €
BOX/IVMBJMM IIOKAa3HMKOM CTabilbHOCTI MoJIe-
Kymm. Benukuii 3a30p O3Ha4a€ BMCOKY CTa-

6inpHiCTP a00 HU3BKY XiMiYHY peakiiiiHy
3JaTHICTb, @ Majuil 3a30p, CBOEK Yeproio,
O3HaYa€ HM3bKY CTAOIIBHICTb a00 BUCOKY Xi-
MIYHY peakliiiHy 3[aTHICTh. Bucoke 3HavyeH-
usa eneprii B, (-8,77 eB) monexymn H, Cur
K B €HOJbHI, TaK i B KeTOHHIil popmax 1mo-
Kasye BUINY TeHZIEHIIi0 BillaBaTy eIeKTPOHN
BiIOBIHIA MOJEKYIi-aKUEeNTopy, AKa Ma€
Hu3pKy enepriio E (1,061 eB). Cucrema 3
Oinbmm 3HayeHHAM AE noBuHHA 6yTV MeHII
PEeaKTMBHOI, HDK CUCTeMa 3 MEHIIUM 3a30-
pom AE [30].

Tabm. 1

OCHOBHIi eHepreTMYHi XapaKTepUCTUKI TayTOMepiB KYPKyMiHY

Table 1.

Main energy characteristics of curcumin tautomers.

Pospaxosanuit mapameTp

| Kypxywmin (enom)

| Kypxywmin (keto)

[TosHa enepris (AG, xJI>k/Mo7b) -445713,15 -445701,33
Ternora yrBopennsa(AH, xJI>/Mornb) -698,166 -693,22
Hunonbuuit MoMeHT ([Te6ar) 3,151 1,271
E,omo(€B) -8,77 -8,805
E,,.(€B) -1,062 -0,93
Enepretnunnit 3azop (AE, eB) 7,708 7,875
lownizaniitamit morennian (I, eB) 8,77 8,805
CropigHeHicTp 1o enekTpoHa (A, eB) 1,062 0,93
Kopcrkicts (1), eB) 3,854 3,937
M’sikicts (S, eB) 0,259 0,254

Ille opHier0 Teopi€ro, fAKa OIMNICYE e€leK-
TPOHHY CTPYKTYpPYy Ta peakliliHy 3[aTHICTb
MOJIEKYJI, € KOHIIEMI[ifd >KOPCTKMX Ta M SKMX
KICIOT i OCHOB 3rigHo nmpuHuumy Ilipcona
[31]. OcHoOBHE MMONMOXKEHHS 1[i€l KOHI[EII I1o-
JIATa€ B TOMY, 1O iHIEKC XIMIYHOI peaKIiiiHOl
30ATHOCTI Ta CTabi/IPHOCTI MOJIEKY/IM MOXKHA
omucary depes ii 3arajsbHy XXOPCTKIicTb (1).
IlTo 6inbuie 3HaYeHHs >XOPCTKOCTi, TO CTa-

https://ucj.org.ua

6inbHiOW0 € KOH(Irypauisa cucremy, i HaBIa-
K. fKIo XiMiYHa pedyoBMHA BiJXMIAETHCA
Bifi CBOEI PiBHOBaXXHOI cTabinbHOI KOHIry-
(S) BU3HAYAETHCA AK 3BOPOTHA BEMUNMHA JIO
YKOPCTKOCTIi Ta € KOPMCHMM ITOKa3HUKOM [
IIPOTHO3YBaHHA XiMi4HOI peakLiliHOI 34aTHO-
cTi. M'ski Mo7neKynu, AKi MalOThb BUCOKi 3Ha-
YeHHA S, JIeTrle 3MiHIOITb CBOIO €IeKTPOHHY
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TYCTUHY IOPIBHAHO 3 )XOPCTKMMM MOJIEKY/Ia-
Mu. BignosigHo, «M’sIKi» MO/IEKy/IM IPOSIBIA-
I0Th BUIILY PEAKIIVIHY 3/1aTHICTh, HI)K MOJIEKY-
7 3 OiIBIIVMY 3HAYEHHAMHI >KOPCTKOCTI.

OTxe, MOXXHa 3pOOUTY BUCHOBOK, 1IJO Be-
mmumun — AE, 1 S, orpumani 3a gonomororo
KBaHTOBO-XIMIYHMX PO3paxXyHKiB, € KOPUCHM-
MM IHCTPYMEHTAaMU Ji/I KiZIbKICHOTO IIPOrHO-
3yBaHHS BHYTPIIIHBOI CTabiIbHOCTI Ta XiMi4-
HOI peaKLiifHOI 3JaTHOCTI OKPeMUX MOJIEKYI
TpamguuiitHo, mapamerpu 1 (KOPCTKicTh) Ta
S BM3HAYAIOTHCS Yepe3 TpaHMYHI opbiTami Ha
ocHoBi Teopemu Kynmanca [32]:

n = ELUMO;EHOMO’

1 2
S=—= .
N Erymo — Enomo

1 ocnimpKeHH Ta MOPiBHAHHA XiMi4HOL
peakuiifHOl 3/[aTHOCTI MOJIEKY/, 1O PO3IJIA-
lAl0ThCA, 6yno obumcneno Bemunun B,
ELUMO, AE, ioHi3aniiHOro noTeH1iany, Ciopia-
HEHOCTI JIO €/IeKTpOHa 1| Ta S 1A MONEKyIn
KypKyMiHy ( Tabm.1).

Ha ocHOBI nnpoBeieHNX pO3paxyHKiB BCTa-
HOBJIEHO, IJO0 KeTO-(popMa XapaKTepu3yeTbCs
BUIIMM 3HadeHHAM AE Ta 3arambHOI0O >KOp-
CTKICTIO, IO CBigYMTh Ipo OinbIny XimMiuyHy
peakIiiiHy 31aTHICTb eHONMbHOI hopMuL.

OKpiM [IOCTi)KEHHS TayTOMEpHUX (GopM
KypPKYMiHY 0y/10 TpOBe/ieHO KBaHTOBO-XiMi4Hi
PO3paxyHKM JeAKUX JIOTO KOMII/IEKCIB, a caMe
ZnCur,-2H O, ZnCur,Phen, DyCur,-3H0,
AgZnCur,-H ,0-AcOH. OcHoBHi eHepreTuy-
Hi XapaKTEPUCTUKM KOMIIIEKCIB HaBENEHO Y
TabI. 2.

Tabm. 2

OCHOBHi eHepreTMYHi XapaKTepPUCTUKN METATOKOMIUIEKCiB KypPKyMiHY

Table 2.

Main energetic characteristics of curcumin metal complexes.

Pospaxynkosuit mapametp | ZnCur,-2H,O | ZnCur,-Phen | AgZnCur,-H,0-AcOH | DyCur,-3H,0

IToBHa enepris (AG, xII>x/monb)  -957101,55 -1085896.05 -1063313,76 -1013609,15
Tennora yTBOpeHH:
(AH, kJT>x/Morb) - 2024,04 -1171.56 -2248,62 -2143,54
E omo(eB) -8,359 -8,094 -8,376 -8,22
E,0(¢B) -1,159 -1,429 -1,327 -0,587
Eneprernunuii 3asop (AE, eB) 7,2 6,66 7,049 7,633
Ionisaniitamit morentian (I, eB) 8,359 8,094 8,376 8,22
CropigHeHicTb 1o efieKTpoHa (A, 1,159 1,429 1327 0.587
eB)

XKopcrkicts (1, eB) 3,6 3,3325 3,5245 3,8165
M’skicts (S, eB) 0,278 0,3 0,284 0,262
, ¢ 1,8829 (mra O-Zn)

JoB>x1Ha 3B 3Ky lCP O-M (A) 1,874 1,9364 19209 (311 O-Ag) 2,216

JoBxnHa 3B’A3Ky lCPN—Zn(f&) - 1,9531 - _
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AHanisyro4y 3Hauy€HHA TEIUIOT yTBOPEH-
HA (AH) KoMIUIeKciB, MOXKHA 3ayBa>KIUTH, 1[0
y BCiX Bumajkax mpoiec (GpopMyBaHHSA MoO-
JIEKY/l € €K30TEPMiYHUM, IPO IO CBiYNUTH
Bi'eMHe 3HauyeHHS eHTa/ibIl. 3HauyeHHA
eHTa/IbIil 1A KypKyMiHatiB Zn 36inpurye-
Tbcst y pany AgZnCur,-H O-AcOH>ZnCur,:
2H,0>ZnCur,-Phen. Hajimenm crabinbHum €
KOMIIJIEKC ZnCurz-Phen, 110 TAaKOX IiJTBEp-
JDKYETbCA 1 HalIMEHIIMM 3HAY€HHAM €Hep-
reTuyHOro 3asopy AE = -6,66 eB. Cepenna
JIOBXXVIHA 3B A3KY (lcp') Zn-O [g1a MOHOMeTa-
mivnoro ZnCur-2H O Tta rerepomeranivyHo-
ro AgZnCur,-H O-AcOH xommuekcis mpu-
61mM3HO ofmHakoBa i ckmamae 1,87 ta 1,88 A
BigmoBimHO. [ 3MilIaHOIraHTHOTO KOMII-
nexcy ZnCur,Phen 1 Zn-O e tpoxu 6inp-
moro (1,93 A), HDK [/ IHIIUX KOMIIIEKCIB,
110 MOXXHA IOSACHUTI BXOIDKEHHAM Y KYpPKY-
MiHAT IVHKY CTEpUYHO 00 €MHOI MOJIEKY/IN
¢denanrponiny. Ilpu npomy s ¢deHanrpo-
JHOBOTO KyPKYMiHOi[ly JOBXWHA 3B’SI3KY
Zn-N (1,95 A) mepeBuinye [OBKUHY 3B 3Ky
Zn-0O (tabn 2). Y MK pnoexuna 3’sasky O-Ag
(1,9209 A) CYTTEBO Oi/bIIa JOBXUHU 3B A3-
Ky Zn-O (1,88A), wmo, JIMOBipHO, TIOB’s13aHO
3 pisHMM pajiycoM iOHiB, a TaKOX MEHIIUM
BUKPVB/IEHHAM KOOPJVHALIIHOIO II0/Iiefpa
Ag i, MOXIUBO, MeHII e(peKTUBHOIO KOOPHAM-
Halliero ioHOM cpibna pyHKLiOHANIBPHNUX TPyl
KYPKYMiHYy.

BukonaHi KBaHTOBO-XiMi4HI pO3paXyHKuU
NO3BOJIMIN T€OMETPUYHO ONTUMIi3yBaTU MO-
JIEKy/IM KYPKYMIHaTHMX METaJOKOMIUIEKCIB
(puc. 5, 6,7). BIM3pKicTb OCHOBHUX T€PMOJ Y-
HaMiYHMX XapaKTE€PUCTUK BKa3ye Ha aHaJjo-
riYHicTh OyZOBM IVHKOBUX KOMIUIEKCIiB. Sk
BUJIHO 3 PUC. 5., MOHOMeTa/Ii4Hi KypKyMiHaTH
Zn MaroTb HEIIACKY CTPYKTYPY, IIpU LIbOMY

https://ucj.org.ua

MOJIEKY/IU JIITaHZiB 3HAXOAATHCS MPUOIN3HO
B OfIHIl IUIONVHI 0e3 CYTTEBUX BiIXWMJICHb.
KypkyMiHaTHi miraHgyM KOOPAMHYIOTbCA [O
IIeHTPa/JIbHOrO iOHa [BOMa KapOOHiIbHUMMU
aTOMaMU KVICHIO 6iJleHTaTHO-XelaTHO, YTBO-
protodi 6-unenHi Metanouuknn [OZnOCCC].
Ientpanpuuit ion Zn(II) mae oxraegpuuny
reOMEeTpio: 10r0 BHYTPIlIHA KOOPAVHAILi-
Ha cepa TonoBHEHa a0 IBOMA MOJIEKy/IaMI
Bopu (mns ZnCur,-2H,0), a6o monekxynowo
denarponiny (ana ZnCur,-Phen). B ocran-
HbOMY BUIIAIKy B KOMIIIEKCI YTBOPIOETHCA
gomatkoBuit S5-winennuit nuka [NZnNCC],
AKUI pO3TAIIOBAaHUI B aKCia/JbHIiN IJIOIIN-
Hi okTaempa. IIpum 1npomy oOpTO-MeTOKCHU-
deHONMBHMIT PparMeHT KypKyMiHy He Oyze
OpaTy y4acTi y XelaTyBaHHi B CUITy CTepud-
HUX yckaajHeHb. lleit dakT migTBepm>xeHO
Ipy BMBYEHHI KYpPKyMiHaTiB Zn MeTOJOM
SMP [33].

IlikaBi cTpykTypHi edekTn crocrepira-
1oTbcs y TMK AanCurS-HZO-AcOH, B AKOMY
aleTaT-iOH BUCTYIIA€ MiCTKOM Mi>K KaTiOHaMM
(puc. 6). Bracnigok omrumisanii reometpuy-
HOI CTPYKTypu Oy/IO BCTQHOBJIEHO, L0 (e-
HiZIbHE Ki/blleé KYPKYMiHY, KOOPAVHOBaHOTO
1o ioHa Ag, NIBUAKO MOBEPTAETHCSA HABKOJIO
opmHapHoro C-C-3B’s13Ky Tak, 1o ¢eHOIbHA
rpyna OH HabmmxaeTbes o Takoi X Ipymu
IHIIIOI MOJIEKY/IN KYPKYMiHY, KOOPANHOBAHO-
ro o iona Zn. I]s Bigcranp ckmagae 3,434 A,
0 MOXKe OyTu 3yMOB/IeHO (OPMYBaHHAM
CmabKuX BOJHEBUX 3B A3KiB MK KapOOHINb-
HVMMJ aTOMaMM KVCHIO MOJIEKYT KypPKYyMiHY,
KOOPAIMHOBAHMUX 10 aToMiB Zn Ta Ag. Hemo-
IineHi eIeKTpOHHI ITapy Ha JIOHOPHMX aTOMax
=0 MOXYTb CIIY>)XKUTU aKLENTOPHUMMU [Ji/IAH-
kamu H-38’a3kiB [28].
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Puc. 5. OnrtmmisoBaHa reoMeTpuyHa

crpyktypa kommekcis ZnCur,-2H O

(a) Ta ZnCur,-Phen (6)

Fig. 5. Optimized geometric structure

of the complexes ZnCur,-2H,0(a) and
0 ZnCur,-Phen (b).
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Puc. 6. OnumisoBana reomeTpnyHa cTpykTypa Kommiekcy AgZnCur,-H O-AcOH
Fig. 6. Optimized geometric structure of the AgZnCur,-H20-AcOH complex.

Ha puc. 7 HaBeieHO reOMeTpUMYHO ONTHMi-
3oBaHy cTpyKTypy Kommiekcy DyCur,-3H O.
AK 1y BUnajiKy KypKyMiHaTiB IJMHKY, KOMII-
JIEKC Ma€ HEIIACKY CTPYKTYPY, aje KypKyMi-
HaTHI JIIFaHAY JIEKaTh Y Pi3HUX IIOLIMHAX.
Ion Dy(III) xanarye Tpu monexynmu Cur 6ifjeH-
TaTHUM CIIOCOOOM, yTBOPIOIOYM TPY 6-4Y/IeHHI
wiacki Metanonukmn. Koopanuaniiina chepa
JIAaHTAHily JOIIOBHIOETHCS TPbOMA AKBAJIiraH-
JlaMy i reOMeTpisA KOOpAMHALITHOTO IToJTiefpa
Dy(III) BifgnoBigae BUKPUBIEHIN OJHOIIAIKO-
BiJl KBafipaTHiil aHTUIIPU3MI, 1110 30iraeTbes 3
manumu [34].

3nayenns eHtanpnii ausa  DyCur,-3H O
(Tabm. 2) craHoBuTh -2143,54 kJ[>x/Monb i €

https://ucj.org.ua

menumM 3a AgZnCur,-H ,O-AcOH, arne 6imb-
LIMM 32 pelITy KOMIUIEKCiB. BapTo BigMiTuTH,
IO BEIMYMHA €HEPreTMYHOIO 3a30py JIaH-
TaHIJTHOTO KOMIUIEKCY € Hailbi/bIIo cepern
yCiX BMILE3raJaHNX KOMIIJIEKCIB, IO CBif-
YUTb PO CTAOIIBHICTD i MEHIITY PeaKTUBHICTb
IIbOTO KOMIL/IEKCY. CepenHﬂs JIOB>X/HA 3B s3-
Ky O-Dy cranoBuTb 2,216 A i € 6inpIION0 32
poxuHy O-Zn ta O-Ag, 10 NOACHIOETHCA
OinpmMM pasiiycoM aToma naHTaHifgy. Pospa-
XOBaHi 3HayeHHs eHeprii E |~ (-2143,54 eB)
1a E ,,(-8,22 €B) BKasyloTh, 110 KOMILIEKC
DyCur,-3H,0 6yze nposapna™u cnabki enexr-
POHOAKI[ENITOPHI BIAaCTUBOCTI.
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Puc. 7. OntnmisoBana reomerpuyHa cTpykTypa Kommiekcy DyCur,-:3H O
Fig. 7. Optimized geometric structure of the DyCur,-3H,0 complex.

BVMICHOBK/. Jlocmifi)keHO KeTO-€HOJIbHY
TayTOMEPII0 MOJIEKY/INM KYKPYMiHy 3a JIOIIO-
MOTOI0 MeTOHiB Teopii PpyHKILiOHaNTy I'yCTVHU
(DFT) Ta BCTaHOB/IEHO ONTUMi30BaHy reoMe-
TPUYHY Ta €eKTPOHHY CTPYKTYPYy TayTOMe-
piB. 3a [JOIIOMOTOI0 pO3paxyHKiB Oyno 3’sc0-
BaHO, 1110 eHo/bHa (hopMa € Oi/IbIII eHepreTnd-
Ho BurigHow (AH= -698,166 x/I)x/Monb) I10-
piBH:AHO 3 KeTo-popmoro (AH= -693,22 x]Ix/
Mo7nb). TakoX 3a po3paxoBaHNMMU 3HAYEHHSA-
MI eHepreTudHoro 3asopy AE Ta saraabHOO
YKOPCTKOCTi MOYKHA IPUITYCTUTH, L]0 €HO/IbHA
¢dbopma Mae 6ibIIy peakIjifiHy 3JaTHICTb.

IIpoBeneHo KBaHTOBO-XIMiYHI PO3PaXyHKI
€HEepPreTMYHMUX IapaMeTpiB MeTalTOKOMIIIEK-
CiB KYpKyMiHy Ta ONTMMIi30BaHO IXHIO reoMe-
TPUYHY CTPYKTYpY. [lokasaHo, 1110 He3ane>KHO

30

BiJi IpMpOAY MeTaly I KOMIUIEKCIB € Xapak-
TEPHOI0 HEIJIACKA CTPYKTYPa, a KYPKYMiHOBI
JraHAM KOOPAMHOBaHI OijeHTaTHO-XeTaTHO.
BpaxoByloun 3Ha4eHHS €HTaJIbIIil, 3’ ACOBAHO,
1O HAMOI/IbII CTIIKUM € reTepoMeTaTiYHI
xomiiekc AgZnCur-H O-AcOH, a Halimenm
crabinbuum € kommnekc ZnCur,-Phen.
oromxerHol Temu 322E «CrBopeHHsA
HOBMX TiOpUIHUX, KOMIO3ULIHHNX i
NoiMepHUX MaTepianiB, TeroBaHUX KOOp-
puHaniiHuMu crionykamu 3d- i 4f-meraniB
Ha OCHOBIi [P-gUKeTOHATiB Ta KapOOKcHMIAT-

HUX alMKIiYHUX nirangis». Homep gepxas-
HOI peectpanii po6orn: 0122U001299.

Po6oTy BukoHaHO 3a ¢iHaHCOBOI mif-
TpuMku HAH Ykpainu B pamMKax repik-
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I
QUANTUM-CHEMICAL CALCULATIONS
OF CURCUMIN AND SOME METAL

COMPLEXES BASED ON IT.

A. E. Horbenko*, O. K. Trunova

V.I. Vernadsky Institute of General

and Inorganic Chemistry

of the National Academy of Sciences of Ukraine,
32/34 Academic Palladin ave., 03142 Kyiv,
Ukraine

* e-mail: gorbenkoarthur@gmail.com

Using the semi-empirical PM7 method in
combination with the SPARKLE model, the
structure of isomeric forms and the energetics
of conformational and tautomeric transforma-
tions of the curcumin molecule were calculated,
the geometry of the ligandand transition metal
complexes (Zn(II), Dy(III), Ag(I)) based on it
were optimized: ZnCur,-2H, O, ZnCur2-Phen,
DyCur3-3H20, AgZnCur3-H,0-AcOH. The
energetic characteristics of the compounds
were calculated, described and analyzed, such
as the total energy of the molecules, the en-
thalpy of formation, the dipole moment, the
energies of the highest occupied molecular or-
bital (E, ,,,) and the lowest unoccupied mo-
lecular orbital (E ), the ionization potential,
the electron affinity, the rigidity, the softness
and the main bondl engths and the charges on
the atoms. Based on the calculated values of the
heat of formation, the energy gap AE and the
overall rigidity, it is assumed that the enol form
of the curcumin molecule is more energetically
favorable and more chemically reactive com-
pared to the ketoform. In addition, the stability
of Cur,_  is additionally due to the presence of
intramolecular hydrogen bonding. Curcumi-

https://ucj.org.ua

nate metal complexes, regardless of the metal,
arecharacterized by a non-planar structure in
which the curcumin ligands are coordinated
bidentately-chelately through the [-diketone
fragment with the formation of 6-membered
metalcycles [OMOCCC]. Analysis of the va-
lues of the enthalpy of formation of the com-
plexes showed that the process of molecule
formation is exothermicand AH increases in
the series AgZnCur,-H,O-AcOH > DyCur,
3H,0 > ZnCur,2H,0 > ZnCur Phen. The
least stable is the ZnCur,-Phen complex, which
is also confirmed by the smallest energy gap
value (AE = -6.66 eV). It is shown that in the
heterometallic complex AgZnCur,-H,0-AcOH
there is a tendency to form a more compact
structure, which may be due to the formation
of weak hydrogen bonds between the carbonyl
oxygen atoms of curcumin molecules coordi-
nated to the Zn and Ag atoms.

Key words: curcumin, complexes, zinc,
dysprosium, silver, quantum chemical calcula-
tions.
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