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Abstract: Here we report a new Schiff base of aminoguanidine and 2,3-dihyd-
roxybenzaldehyde (H,L) and its physicochemical characterization, along with
an investigation into its coordination affinities towards zinc. By reacting zinc
acetate with the chloride salt of the ligand in the MeCN-H,O solution, yellow
single-crystals of tetranuclear, centrosymmetric complex, with the formula
[Zny(u-L)(u-OAc),],-2MeCN, were obtained. The complex was characterized
by IR spectroscopy, conductometry, elemental analysis, and single-crystal
X-ray diffraction analysis. Notably, both nitrogen atoms of the aminoguanidine
residue coordinate to the same zinc atom, while both deprotonated phenyl oxy-
gen atoms achieve bridging coordination. Furthermore, two acetate anions
bridge adjacent zinc atoms in addition to the Schiff base anion. Meaningful
insights into the hierarchy and significance of intermolecular interactions
within the crystal structure were gained by estimating the energies using the
CrystalExplorer model. The calculations revealed that the crystal structure can
be classified as a layer type, with notably stronger interactions occurring along
the [001] and [011] directions.
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INTRODUCTION

Schiff bases and their metal complexes represent a large class of compounds
interesting from both fundamental and practical points of view,! due to their easy
synthesis, versatile structural features, and coordination modes, but also the enor-
mous application potential in many different fields. Some of these compounds
are good analytical and electroanalytical reagents, precursors in organic syn-
thesis, catalysts, polymer stabilators, etc.2 On the other hand, the others show
promising anti-tuberculosis, antimicrobial, anti-inflammatory, and antitumor act-
ivities.3 Additionally, an interest in Schiff bases and their metal complexes and
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their use as organic layers in OLED materials and other emissive organic dev-
ices,* as well as photosensitizers in dye-sensitized solar cells, has arisen. The
steric, electronic and biological potential of the mentioned compounds is tunable
by choosing the appropriate amine and carbonyl precursors. One of the always
interesting areas of coordination chemistry is the design of novel Schiff bases,
especially those with multiple donor sites.® Having that in mind, the Schiff bases
of 2,3-dihydroxybenzaldehyde seem to be a worthwhile candidate for further
research.”-8

Zinc is well known for its biocompatibility and versatile importance for the
organism.® However, the interest in phenoxido-bridged complexes of metals of
group 12 was not great, mainly due to the absence of magnetic interactions.’
Nevertheless, the fact that group 12 metal complexes usually show high photo-
luminescence, made them interesting for research in the field of optoelectronic
devices.10:11

Based on the aforementioned, the presented research was designed to gain
better insight into the coordination properties of the Schiff bases of aminoguan-
idine, obtain a phenoxido-bridged complex and characterize it. The Schiff base of
aminoguanidine and 2,3-dihydroxybenzaldehyde and its first complex, viz.
[Zny(u-L)(u-OAc)>]>-2MeCN are synthesized and physicochemically character-
ized. The structure of this tetranuclear centrosymmetric complex was determined
by SC-XRD, and thoroughly discussed.

EXPERIMENTAL
Reagents

All chemicals used for syntheses and characterization were reagent-grade and used as
received from commercial sources, without further purification.
Preparation of the ligand L-HCI — 2,3-dihydroxybenzaldehyde-aminoguanidine
hydrogenchloride

2,3-Dihydroxybenzaldehide (25 mmol, 3.45 g) was dissolved in 75 mL H,O, and 25
mmol (2.75 g) of aminoguanidine hydrogenchloride was added. The resulting mixture was
refluxed for 1.5 h during which it completely dissolves. The resulting yellow solution was left
at room temperature. After seven days, the yellow product was filtered and washed with H,O.
Yield: 3.50 g (67 %).
Preparation of [Zny(u-L)(u-OAc) ] - 2MeCN

A mixture of 0.5 mmol (0.128 g) of the obtained ligand and 0.5 mmol (0.092 g)
Zn(OAc),2H,0 was poured over with 6 mL of CH;CN-H,O mixture (1:1), heated slightly
until dissolved, and the resulting yellow solution was left at room temperature. After two
days, yellow prismatic single crystals were filtered and washed with CH;CN. Yield: 0.088 g
(30 %).
Analytical methods

The air-dried compounds were subjected to elemental analyses (C, H, N) using standard
micro-methods. Molar conductivity measurements of freshly prepared solutions (¢ = 1 mmol
L") were performed on a Jenway 4010 conductivity meter. The IR spectra were recorded on a
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Nicolet Nexus 670 FTIR (Thermo Scientific) spectrophotometer in the 400-4000 cm™! range
by the KBr pellet technique. Melting points were determined using a Nagema melting point
microscope Rapido.

Analytical and spectral data of the synthesized compounds are given in Supplementary
material to this paper.

Crystal structure determination

X-ray diffraction data were obtained from a suitable single crystal using an Oxford Dif-
fraction Gemini S diffractometer. The probe used was a graphite-monochromated MoKa
X-radiation from a sealed tube. Reflections were recorded on a Sapphire CCD area detector at
room temperature. CrysAlisPro was employed for instrument control and raw frames process-
ing.'2 The crystal structure was solved using SHELXT!'? and refined with SHELXL.!* For
graphical user interface, ShelXle was utilized.!’

During refinement, all non-hydrogen atoms were assigned anisotropic displacement
parameters. Carbon-bonded hydrogen atoms were positioned ideally according to parent atom
stereochemistry and refined using a riding model with their displacement parameters assumed
to be a suitable multiple of the carrier atom’s Ugq. Nitrogen-bonded hydrogen atoms were
identified through residual density maps in the final iterations of the refinement. Their posit-
ions were refined with distance restraints, and their displacement parameters were treated sim-
ilarly to those of hydrogen atoms bonded to carbons. Details are listed in Table S-I of the Sup-
plementary material.

The crystal structure was internally validated using Platon'® and externally validated
against structures with similar fragments in the Cambridge Structural Database (CSD)!7
through the Mogul algorithm!® implemented in the Mercury CSD.!?

Interaction energies calculations

Intermolecular energy calculations were employed to examine the crystal packing using
CrystalExplorer.? Quantum chemistry calculations were performed using TONTO?! as the
backend. A Hirshfeld surface was computed for the complex molecule, and all nearby mole-
cules were taken into account for the pairwise energy calculations. CE-HF model energies
were employed.??

RESULTS AND DISCUSSION
Syntheses and characterization

Yellow microcrystals of the ligand were obtained in the reaction of an aque-
ous solution 2,3-dihydroxybenzaldehyde and aminoguanidine hydrogenchloride
in a mole ratio of 1:1 under reflux conditions. Subsequently, the obtained ligand
was reacted with zinc(I) acetate, in a 1:1 mole ratio in a MeCN-H;O solution,
resulting in the formation of prismatic yellow single crystals of neutral Zn(II)
complex of the formula [Zny(u-L)(u-OAc),]o-2MeCN.

Obtained ligand is well soluble in water, methanol, ethanol, acetonitrile, and
dimethylformamide. The complex is well soluble in dimethylformamide, moder-
ately soluble in acetone and methanol, and only sparingly soluble in water,
ethanol and acetonitrile. The molar conductivity value of the complex dissolved
in DMF (8 S cm?2 mol™1) confirms its non-electrolyte nature.
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The ligand is coordinated in its dianionic form as N,O; tetradentate, invol-
ving coordination through azomethine and imino nitrogen atoms, and phenolic
oxygen atoms. This is primarily assumed by the comparison of the IR spectrum
of the complexes with that of the ligand. In the spectrum of the complex, the
bands related to the v(C—N) vibrations in the guanido fragment, as well as the
band originating from the azomethine function, display a negative shift of
approximately 50 cm™!. Furthermore, the v(Ar-O) band, present at 1264 cm™! in
the ligand’s spectrum, experiences a shift to 1250 cm™! in the spectrum of the
complex, suggesting coordination of the phenolic oxygen atom.23 Bands in the
region 3600-3000 cm™!, originating from O—H vibrations in the spectrum of the
ligand, are absent in the complex’ spectrum, indicative of ligand deprotonation.
Additionally, bands in the 1460-1400 cm~! region are potentially attributed to
v(O—Ac) vibrations of coordinated acetate ions,24 although this assignment is
challenging due to the presence of numerous other bands in this spectral region in
the IR spectrum of the uncomplexed ligand.

Crystal structure description

The molecular structure of the obtained tetranuclear Zn(II) complex is pre-
sented in Fig. 1 and key structural data are presented in Table I. The asymmetric
unit contains the dianion of the chelate ligand, which is coordinated as ONN tri-
dentate to one zinc atom (Znl) and monodentate via the oxygen atom of the
deprotonated hydroxyl group from position 3 to the second zinc atom (Zn2).
Additionally, two acetate ions bridge two adjacent units, and a solvent molecule
is also present.

Fig. 1. Molecular structure of the complex formula [Zn,(u-L)(¢#-OAc),],"2MeCN.
Symmetry operation: (i) —x+1, —p+1, —.

The coordination mode of the chelating ligand in this centrosymmetric com-
plex is intriguing and multifaceted. The chelating ligand employs four donor
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atoms for coordination (N»O;), namely, azomethine and imino nitrogen atoms,
and two phenolic oxygen atoms as donors. Both oxygen atoms have a bridging
role connecting two zinc atoms. The tridentate ONN coordination of the chelat-
ing ligand was achieved through the oxygen atom of the deprotonated hydroxyl
group from position 2, and nitrogen atoms from azomethine and imino group
from aminoguanidine residue. Except through acetate bridges, neighboring units
are connected by bridging coordination of oxygen atoms O1 and O2. The res-
ulting intermetallic distances are 3.3008(4) and 3.1926(4) A for Zn1--Zn2 and
Zn2--Zn2i, respectively (symmetry operation: (i) —x+1, —+1, —z).

TABLE I. Selected bond lengths and valence angles; symmetry operation: (i) —x+1, —y+1, —z

Bond Bond length, A Bonds Bond angle, °
Znl1-N1 2.024(2) N1-Znl1-N3 76.12(7)
Znl1-N3 2.183(2) N1-Zn1-0O1 157.36(7)
Zn1-01 1.993(2) N3-Zn1-0O1 81.36(7)
Znl1-04 2.013(2) N3-Zn1-04 130.30(7)
Zn1-06 2.033(2) N3-Zn1-06 124.41(7)
Zn2-01 2.053(2) 01-Zn2-02 153.86(6)
Zn2-02 2.007(2) 01-Zn2-03 96.99(7)
7n2-02! 2.007(2) 01-Zn2-05 94.82(7)
Zn2-03 1.983(2) 02-Zn2-02! 75.72(6)
Zn2-05 2.001(1) 02-Zn2-03 100.24(7)
Znl---Zn2 3.3008(4) 02-7Zn2-03 123.28(7)
7n2---Zn2! 3.1926(4) 02-Zn2-05 98.48(7)
NI1-C1 1.293(3) 02i-Zn2-05 129.04(7)
N2-Cl1 1.357(3) 03-Zn2-05 107.64(7)
N3-C2 1.281(3) N1-C1-N2 118.4(2)
N4-Cl1 1.350(3) N1-C1-N4 126.9(2)
C2-C3 1.440(3) 03-C10-04 126.6(2)
01-C4 1.329(2) 05-C11-06 126.1Q2)
02-C5 1.333(3) Bonds Torsion angle, °©
03-C10 1.248(3) N1-C1-N2-N3 0.33)
04-C10 1.244(3) N4-C1-N2-N3 -178.5(2)
05-Cl11 1.245(3) C1-N2-N3-C2 176.4(2)
06-Cl11 1.257(3) N2-N3-C2-C3 —179.4(4)

This coordination of the chelate ligand and acetate ions as coligands to four
zinc atoms resulted in the formation of a diverse array of versatile metallocycles.
These include four five-membered and two six-membered chelate rings with one
metal atom, along with one four-membered, four six-membered, and two eight-
-membered metallocycles with two metal atoms. All rings containing one metal
atom are essentially flat. Of those with two metal atoms, the four-membered ring
is planar due to symmetry restriction, while others are significantly puckered.
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In this complex, Zn(II) ions, denoted as Zn1 and Zn2, adopt highly deformed
N»Oj3 and Os environments, respectively. The results obtained from Addison’s
method?> and Holmes’® method26-28 show differences in assessing whether the
polyhedra centered at Znl and Zn2 are closer to the ideal square pyramid with a
trans basal angle of 150° (SPY-5) or the ideal trigonal bipyramid (TBPY-5).

In particular, based on the 75 values (r5s = 0.45 for Znl and 75 = 0.41 for
Zn2), both polyhedra are determined to be closer to SPY-5 than TBPY-5. How-
ever, Holmes’ method places both polyhedra at 36 % along the Berry pseudo-
rotation coordinate D3p—>Cyy—>Cyy. This suggests a closer proximity to TBPY-5,
but it also indicates significant deviations from the ideal Berry pseudorotation in
both cases.

This later outcome is consistent with the calculations of continuous shape
measures,?? which assign both polyhedrons a closer alignment to TBPY-5
(S(TBPY-5) = 2.147 for Znl; S(TBPY-5) = 2.301 for Zn2) than to SPY-5
(S(SPY-5) = 3.444 for Znl; S(SPY-5) = 3.255 for Zn2). However, both deform-
ation paths diverge by 42 % from the ideal Berry pseudorotation coordinate
which represents minimal distortion pathway in this polyhedral rearrangement.30

The coordination environment of Znl formally adopts a trigonal-bipyramidal
configuration, with the axial positions being occupied by the N1 and O1 atoms of
the Schiff base ligand. This arrangement is supplemented by the presence of N3
from the Schiff base ligand, in addition to two oxygen atoms (O4 and O6) der-
ived from bridging acetate ions, collectively constituting the equatorial plane. On
the other hand, Zn2 also adopts a trigonal-bipyramidal coordination. In this con-
text, the equatorial plane is formed by the participation of two oxygen atoms (O3
and O5) originating from acetate bridges, along with an O2 moiety sourced from
a 2,3-dihydroxybenzaldehyde fragment located in an adjacent subunit. Mean-
while, the axial positions are occupied by the hydroxyl groups of 2,3-dihydroxy-
benzaldehyde, namely O2 and Ol1, the latter stemming from the neighboring sub-
unit.

Atom Zn1 forms the longest bond with the N3 donor atom of the azomethine
group, and the shortest one with the O1 ligator from the hydroxyl group of 2,3-
-dihydroxybenzaldehyde. On the other hand, Zn2 forms the longest Zn2-ligand
bond with the bridging O1 atom, while the shortest bond is between Zn2 and O3
from the carboxyl group of the acetato ligand. The second oxygen atom from this
carboxyl group (0O4) forms a slightly longer bond with the first zinc atom, Znl.

In the aminoguanidine fragment of the ligand, the C2-N3 and C1-N1 bond
lengths indicate the presence of localized double bonds, whereas the other bonds
in this fragment exhibit intermediate lengths, which can be attributed to electron
delocalization, a common feature for this class of compounds.3! In the 2,3-dihyd-
roxybenzaldehyde part of the chelating ligand, the longest bond observed is C2—-C3,
which is the bond between the carbon atom of the benzene ring and the carbon
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atom of the azomethine group. Remarkably, this C2—C3 bond stands as the long-
est bond within the entire ligand structure.

Another intriguing feature of this structure is the exo-bidentate coordination
of two acetate ligands. The survey of CSD!7 was made to gain further insight
into the prevalence of this coordination mode and similar ones involving acetate
ligands. The survey revealed that the bridging mode of coordination of two
acetate ions in zinc(Il) complexes was found in 240 structures. In most instances,
these complexes are binuclear, featuring (bis)condensed carbonyl compounds or
monodentate ligands. The occurrence of polynuclear complexes with this specific
coordination mode of acetate ions is relatively less frequent.

Although the coordination mode presented here is complex, it is not unexp-
ected. It showcases an interesting attribute of the 2,3-dihydroxybenzaldehyde
fragment when acetate serves as a bridging coligand, as exemplified in the struc-
ture of the tetranuclear complex described in the work.32

Upon inspection of the Hirshfeld surface of the complex molecule, 22 near-
est neighbors (11 independent pairs) can be identified within the crystal structure.
The results of pairwise intermolecular interaction energies calculation are given
in Table II. Among these neighbors, 16 are complex molecules, forming 8 inde-
pendent pairs. Notably, the crystal packing energy landscape is dominated by two
pairs, with interaction energies exceeding 100 kJ mol~1. Furthermore, only two
more pairs were found to have energy contributions surpassing 15 kJ mol~!.

TABLE II. Summary of important intermolecular interaction energies in the crystal structure
of [Zn,y(u-L)(u-OAc),],2MeCN; R is the distance between molecular centroids. E\y = kgjeFele
+ kpotEpol T kdisEdis t krepErep, Where scale factors for benchmarked CE-HF energy model are
kete = 1.019, kg = 0.651, kgis = 0.901, and ke, = 0.811, as taken from the paper of Thomas et
al 33 Symmetry operation correspond to the second molecule in the pair

E/kJ mol’!
Eclc Epol Edis Ercp Etot

Complex--- Complex

Label N Symmetry operation R/A

I 2 Translation 15.50 -115.8 -36.9 —41.0 0.0 —178.9
II 2 Translation 11.44 -80.5 322 823 28,6 —153.9
11 2 Translation 9.99 1.6 -14.0 -56.2 27.0 -36.2
v 2 Translation 8.82 7.4 -104 457 18.9 -252
A\ 2 Translation 16.62 -12.4 -2.8 -5.0 0.0 -18.9
VI 2 Translation 14.65 -3.2 -0.8 =5.1 0.0 -8.4
VII 2 Translation 14.61 3.8 -0.6 -5.6 0.0 -1.6
VIII 2 Translation 11.91 10.1 -1.3 -10.5 2.3 1.8
Complex---MeCN

IX 2 Translation 10.68 -595 -16.8 -8.6 44.7 -43.1
X 2 Inversion 6.53 —244 4.8 -25.6 10.6 —42.5

X1 2 Inversion 3.60 -122 -10.5 352 17.2 -37.0
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The strongest intermolecular interaction observed in the crystal structure
(=179 kJ mol~!) occurs between complex molecules related by translation (for
symmetry codes see Table II). This interaction is predominantly driven by elec-
trostatic forces, which can be attributed to the excellent complementarity in
molecular electrostatic potential on the patches of the Hirshfeld surfaces of
neighboring molecules (Fig. 2a). The interaction is mediated through
N4-H4B---06(i) hydrogen bond (d(N4-H4B) = 0.853(16) A, d(H4B---06(i)) =
=2.154(17) A, d(N4--- 06(i)) = 2.981(2) A and a(N4-H4B---06(i)) = 163(2)°;
symmetry operation: (i) x, y+1, z+1). Due to centrosymmetric nature of the com-
plex molecule, these interactions occur in pairs, combining to create a 24-mem-
bered ring with graph set descriptor R,%(24).34 These interactions then form a
chain, that propagates in the [011] direction.

Fig. 2. a) Hirshfeld surfaces of the molecular pair of [Zn,(u-L)(1#-OAc),], with strongest
interaction, decorated with molecular electrostatic potential in the range from —0.05 a.u. (red)
to +0.05 a.u. (blue); b)—d) selected molecules surrounding a central one of
[Zn,(u-L)(u-OAc),], with its Hirshfeld surface decorated with dporm. Molecules
are labeled as in Table II.

The second strongest interaction (=153 kJ mol~1) has equal contribution of
dispersion and electrostatic components, as well as a non-negligible contribution
from polarization effects. Notably, no significant atom—atom short contacts can
be identified (Fig. 2b), and the detection of this interaction is a direct conse-
quence of the whole-molecule approach to the crystal packing analysis, rather
than focusing solely on atom—atom features. These interactions form a chain that
propagates along the crystallographic axis c.
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Only three more interactions are noteworthy (Fig. 2c), as the weakest two
make minor contributions to the lattice energy. Specifically, two independent
pairs exhibit interaction energies of —36 and —25 kJ mol~!, dominated solely by
dispersion forces, with a minor contribution from polarization terms. Interest-
ingly, electrostatic contribution is slightly destabilizing for these interactions.
The third pair represents the final one with a notable interaction energy (=19 kJ
mol~!), which is predominantly governed by electrostatics. However, due to the
considerable separation between the molecules (Cg--Cg distance of 16.6 A), the
interaction is relatively weak. Notably, all three mentioned cases exhibit no
significant atom—atom short contacts between the molecules involved.

Surrounding each complex molecule are six MeCN molecules, forming three
independent pairs. Only one pair is involved in a hydrogen bond N2—-H2---N5
(d(N2-H2) = 0.84(2)A, d(H2---N5) = 2.04(2)A, d(N2---N5) = 2.872(5) A,
a(N2-H2---N5) = 169(2)°) with an interaction energy of —43 kJ mol~!, predom-
inantly governed by electrostatic forces. The other two independent pairs have
comparable interaction energies (—43 and —37 kJ mol~1), with a significant contri-
bution from dispersion forces and no notable atom—atom short contacts (Fig. 2d).

Overall, from the perspective of energy of the intermolecular interactions,
crystal structure can be classified as a layer type, as depicted by an energy frame-
work shown in Fig. 3. Notably, significantly stronger interactions occur along the
[001] and [011] directions, with a higher proportion of electrostatic contributions,
leading to the observed anisotropy in their distribution.

Fig. 3. Energy framework for the crystal structure of [Zn,(u-L)(1#-OAc),]2:2MeCN,
represented in a 3x3x3 cells cluster. Total interaction energy is proportional to
blue tubes diameter. Only interactions with —E < 15 kJ mol~! are displayed.
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CONCLUSION

The yellow microcrystals of the ligand were obtained in the reaction of an
aqueous solution 2,3-dihydroxybenzaldehyde and aminoguanidine hydrogen-
chloride in a mole ratio of 1:1 under reflux conditions, and characterized by IR
spectroscopy and elemental analysis. The reaction of the obtained ligand and zinc
acetate yielded the formation of yellow single crystals of the tetranuclear com-
plex [Znp(u-L)(u-OAc)s]o-2MeCN. This is the first complex with the obtained
Schiff base, as well as the first tetranuclear complex with aminoguanidine der-
ivatives. The SC-XRD revealed an interesting coordination mode with two nitro-
gen and two oxygen atoms of the chelating ligand involved in coordination, with
the latter being the bridging ligators, as well. Besides, bidentate bridging coordin-
ation of four acetate ions was found. The hierarchy and significance of intermole-
cular interactions within the crystal structure were calculated and those results
showed the crystal structure could be classified as a layer type, with notably
stronger interactions occurring along the [001] and [011] directions. The detailed
knowledge of the crystal structure and intermolecular interactions present is vital
for the design of further research, which is currently being done concerning the
optical characteristics, as well as the antioxidant activity of these compounds.

SUPPLEMENTARY MATERIAL

Additional data and information are available electronically at the pages of journal
website: https://www.shd-pub.org.rs/index.php/JSCS/article/view/12533, or from the corres-
ponding author on request. CCDC 2285370 contains the supplementary crystallographic data
for this paper. These data can be obtained free of charge from The Cambridge Crystallo-
graphic Data Centre (https://www.ccdc.cam.ac.uk/structures).
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H3BOI
CHHTE3A U CTPYKTYPHA AHAJIM3A TETPAHYKJIEAPHOT' KOMILUJIEKCA Zn(I1) CA
2,3-ITNXUPOKCHUBEH3AIIEXUI-AMUHOTBAHUJIUHOM

MAPUJAHA C. KOCTHR, MAPKO B. POJOWR, JbUJbAHA C. BOJMHOBHWR JEIIWR u MUPJAHA M. PATIAHOBWR

Yuusepsutiewi y Hosom Cagy, IIpupogno-matiemamivuxy paxynimedd, Tpi Jocuiiieja Obpagosuha 3,
21000 Hosu Cag

Y oBoM pajy mpHKkasaHa je CHHTe3a M (DU3MYKOXEMHjCKa KapaKTepusaluja HOBE
Iudose dase aMUHOrBaHUIUHA U 2,3-IUXUAPOKCUOEH3aIAeXU]IA, KA0 U UCIIUTUBAE KOOPIU-
HallUOHUX CBOjCTaBa MOOUjEHOr jeoumema. Y peaKkUUju LHMHK-alleTaTa ¥ XJIOPUOHE CONHU
JIMTaHfa y CMEIIM pacTBapaya aleTOHUTPH/I-BOJA JOOMjeHH Cy YTH MOHOKDHCTaId TeTpa-
HyKJIeapHOT, LEHTPOCUMETPUYHOr KomIuiekca opmyne [Zna(u-L)(u-OAc)z]2:2MeCN. Kom-
I1eKc je okapakrepucaH IC criekTpockonujoM, KOHIYKTOMETPHjOM, eIeMEHTAIHOM aHaIHu30M
Y PEHATEHCKOM CTPYKTYPHOM aHa/IU30M. Y NodHjeHOM KOMIUIEKCY, 0da JOHOpHA aToma a3oTa
aMHHOTBAHUIMHCKOr ()parMeHTa KOODAMHOBAHM Cy 3a MCTH aTOM LHMHKa, JOK 0Da aroma
KHCEOHHKa JJeMPOTOHOBAaHUX (DEHOJIHUX Irpyna umMajy yiory mocra. Ocum Tora, alleTaTHU jOHU
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Takohe OCTBapyjy MOCTOBHYy KOOpIWHalLHWjy. HcnuTrhBame 3HauajHUX MehyMONeKyIcKux
HHTEpaKlyja U3BPILIEHO je MPOLEeHOM eHepruja y3 kopuutheme CrystalExplorer mopena. Ha
OCHOBY OBHX IIpOpayyHa MOXKE C€ 3aKk/byYHMTH Jla Ce KpUCTaJlHa CTPYKTypa MO)XKe CMaTpaTH
CJIOjeBUTOM, Ca 3HAuajHO jauuM HHTepakurjama gyx [001] u [011] mpaBaua.

(ITpumibeHo 8. aBrycta, peBugMpaHo 22. aBrycra, npuxsaheno 18. centemdpa 2023)
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