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Abstract—A new mononuclear heteroleptic complex bis(2-amino-1,3,4-thiadiazole- N)-dibromo zinc(1l),
[ZnBr,L,] (1), which was obtained from 2-amino-1,3,4-thiadiazole (L), is reported. Complex 1 was studied
by elemental analysis, FT-IR spectroscopy and single crystal X-ray diffraction. Crystal packing of complex 1
was additionally studied using the Hirshfeld surface analysis. The DFT/B3LYP/6-31++G(d,p) based com-
putations were additionally applied to reveal electronic features of the obtained complex 1. It was established
that complex 1 contains two parent ligands L, which are monocoordinated through the thiadiazole 3-nitrogen
atom and the coordination sphere of the metal cation is filled by two bromide anions. The molecular structure
of complex 1 is stabilized by one N—H---N and one N—H---Br hydrogen bonds. Molecules of 1 are interlinked
through a myriad of N—H---N and N—H---Br hydrogen bonds, and S---Br and &t - -7 interactions, yielding a
3D supramolecular structure. Theoretical calculations revealed a strong electrophilic nature of the optimized
structure of 1 with the most electro-rich and electron-deficient sites observed on the bromide anions and NH,

hydrogen atoms, which are not involved in the formation of intramolecular hydrogen bonds, respectively.
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INTRODUCTION

It is impossible to imagine the nature without het-
erocyclic compounds, which pivotal role is hard to
overestimate. Sufficing to mention that heterocycle-
containing species constitute such vital molecules as
DNA (deoxyribonucleic acid) and RNA (ribonucleic
acid). Of a great myriad of heterocyclic compounds,
five- and six-membered heterocycles, seem, to be the
most widely spread. Furthermore, heterocyclic com-
pounds, which are defined as cyclic compounds that
have atoms of at least two different elements as members
of its ring(s) [1, 2], are mainly constructed, besides the
carbon atom, from nitrogen, oxygen and sulfur atoms. Of
five-membered heterocyclic compounds, a promising
class is the so-called azoles [3]. Thiadiazoles are,
likely, one of most important building fragments for
the fabrications of bioactive molecules [4, 5].

In continuation of our ongoing interest in hetero-
cyclic compounds [6—13] as well as molecules with
predicted potential biological activity [14—32], in this
work we describe a new complex bis(2-amino-1,3,4-
thiadiazole- N)-dibromo zinc(Il), [ZnBr,L,] (1),
which was readily fabricated from a single-step addi-
tion reaction of 2-amino-1,3,4-thiadiazole (L) to
ZnBr,2H,0 in the EtOH medium. Structural features
of complex 1 were revealed using the FT-IR spectros-
copy, single crystal X-ray diffraction and Hirshfeld
surface analysis, while electronic properties were
examined using the DFT computations. It should also
be noted, that our comprehensive search in the Cam-
bridge Structural Database (CSD) revealed only 12
hits for crystal structure of metallocomplexes with
ligand L, namely [ZnCl,L,] [33], [Znl,L,] [34],
[Zn(NO;),L;] [35], [Zn(Lig)L(H,0),]-2H,0 (Lig =
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7-oxabicyclo[2.2.1]heptane-2,3-dicarboxylate)) [36],
(HL),[Sb,Brig] ~ [37],  {(HD)[Bil,J-L},  [38],
[CuyL¢](ClO,),MeOH [39], [Cu(Lig)L(H,0)] (Lig=
2-[2-(1-anilino-1,3-dioxobutan-2-ylidene)hydrazin-
1-id-1-yl]benzene-1-sulfonate) [40], [Cu(Lig)L] (Lig =
2-{2-[1-cyano-2-(imino)-2-methoxyethylidene]hydra-
zinyl}benzene-1-sulfonate) [41], [Ag,L¢](ClO,), [39],
Co(Lig)L(H,0),]-2H,0 (Lig = 7-oxabicyclo[2.2.1]hep-
tane-2,3-dicarboxylate)) [36] and [CdCl,L], [42]. Thus,
the coordination chemistry of L has poorly been studied.

EXPERIMENTAL

Materials and physical measurements. All reagents
and solvents were commercially available and used as
without further purification. The Fourier Transform
Infrared (FT-IR) spectra were obtained using a Bruker
Invenio ATR-S-2021 spectrometer in the range 400—
4000 cm™!. Elemental analysis was performed using a
Carlo Erba EA 1108 elemental analyzer.

Synthesis of [ZnBr,L,] (1). A hot solution of
ZnBr,2H,0 (0.784 g, 3 mmol) in EtOH (35 mL) was
added to a hot solution of L (0.607 g, 6 mmol) in the
same solvent (50 mL). The resulting mixture was
refluxed under vigorous stirring for 1 h, followed by
filtration and left undisturbed. Crystals suitable for
single crystal X-ray diffraction were formed after
about 2 days. Yield, 1.077 g (84%). FTIR (cm™):
1608, 1647, 3290, 3340, 3387 (NH,). Anal. calcd. for
C,HBr,N(S,Zn (%): H, 1.41; C, 11.24; N, 19.66.
Found (%): H, 1.40; C, 11.04; N, 19.29.

Hirshfeld surface analysis. The Hirshfeld molecu-
lar surface analysis [43—45] was performed to the cor-
responding crystal structure using the CrystalExplorer
21 software [46].

DFT calculations. Theoretical calculations were
performed in gas phase using the Gaussian 09, Revi-
sion D.01 software package [47] and the GaussView
6.0 visualization software [48] using the density func-
tional theory (DFT) method with Becke-3-parametr-
Lee-Yang-Parr (B3LYP) hybrid functional [49, 50]
and 6-311++G(d,p) basis set [49, 51]. The corre-
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sponding crystal structure geometry of the studied
metal complex was used as a starting model for the
optimization process. The vibration frequencies were
calculated for the optimized structure in gas phase and
no imaginary frequencies were obtained. HOMO and
LUMO electronic isosurfaces, and molecular electro-
static potential surfaces were computed from the fully
optimized structure.

X-ray diffraction. The X-ray diffraction data were
collected at 293(2) K on a CCD Xcalibur Ruby
(Oxford Diffraction) diffractometer (Cuk,, A =
1.54184 A, graphite monochromator). The structure
was solved by direct methods using the program
SHELXL-2014/7 [52] and refined by the full-matrix
least-squares technique using SHELXL-2014/7 [52].
All non-hydrogen atoms were refined by the least
squares method in the full-matrix anisotropic approx-
imation. All CH hydrogen atom positions located on a
difference map and included as fixed contributions
riding on attached atoms with isotropic thermal
parameters 1.2 times those of their carrier atoms.
C4H(Br,N¢S,Zn, FW = 427.46 g mol™!, monoclinic,
space group P2,/n,a =7.9997(6) A, b= 13.4283(8) A,
c=11.4598(8) A, B = 94.711(6)°, V= 1226.88(15) A%,
Z=4,p=2314 g cm3, W(Cuk,) = 13.443 mm!,
reflections: collected 4842, unique 2478, R;,, = 0.048,
R, (all) = 0.0779, wRy(all) = 0.1233, S = 1.014.

CCDC 2089098 contains the -crystallographic
data. These data can be obtained free of charge via
https://www.ccdc.cam.ac.uk/structures or from the
Cambridge Crystallographic Data Centre, 12 Union
Road, Cambridge CB2 1EZ, UK; fax: (+44)-1223-
336-033; or e-mail: deposit@ccdc.cam.ac.uk.

RESULTS AND DISCUSSION

The reaction of two equivalents of L with one
equivalent of ZnBr,-2H,0 in ethanol allowed to pro-
duce a new mononuclear heteroleptic complex
[ZnBr,L,] (1) (Scheme 1), which composition is fully
supported by the elemental analysis data.

H
\
N—H,,
R - N=|
—2H,0 \N‘N\Zn/ NY
B | N

Bru, H - \H

[ZnBr,L,] (1)

Scheme 1. Synthesis of 1.

The FTIR spectrum of complex 1 is, in general,
resembles the corresponding spectrum of the parent
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ligand L; however, some changes can clearly be
observed due to coordination of L to ZnBr, (Fig. 1). In
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Fig. 1. Experimental FT-IR spectra of L (black) and 1 (red), and calculated spectrum of 1 (blue).

particular, the NH, groups in the spectrum of complex
are shown as three resolved bands at 3200—3450 cm™',
and two bands at 1608 and 1647 cm~' due to stretching
and bending vibrations, respectively, while in the
spectrum of L the same group is shown as a single
broad band at 3285 cm~! and a band at 1620 cm™!. The
observed splitting of the NH, bands can be explained by
the participation of these groups in the formation of dif-
ferent intra- and intermolecular hydrogen bonds as it
is evidenced from the crystal structure of 1 (vide infra).

Complex 1 crystallized in monoclinic space group
P2,/n with one complex molecule [ZnBr,L,] in the
asymmetric unit. Both ligands L in the molecular
structure of 1 are monocoordinated through the thia-
diazole 3-nitrogen atom and the coordination sphere
of the metal cation is filled by two bromide anions, all
together yielding a four-membered N,Br, coordina-
tion environment (Fig. 2). The coordination polyhe-
dron in the structure of 1 is characterized by the so-
called t,-descriptor of 0.9404. Note, that the t, values
for perfect square planar, seesaw, trigonal pyramid and
tetrahedral structures are 0.00, 0.07—0.64, 0.85 and
1.00, respectively. Thus, the coordination polyhedron
is best described as being about 40% along the pathway
of distortion from the ideal tetrahedral toward trigonal
pyramidal structure.

The Zn—N bond lengths are about 2.01—2.04 A,
while the Zn—Br bonds are about 0.4 A longer (Table 1).
The N—N and C—S bonds within the thiadiazole rings
are about 1.37—1.39 and 1.72—1.74 A, respectively.
Interestingly, the C—N bonds, formed with the corre-
sponding coordinated nitrogen atoms, are about 1.32 A
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and very similar to those formed with the NH, nitro-
gen atoms, which are about 1.32—1.34 A. The same
bonds, formed with the noncoordinated nitrogen
atoms of the thiadiazole rings, are about 0.05 A
shorter. Notably, all the bond lengths within the
ligands L in the structure of the discussed complex are
very similar to those of the previously reported deriva-
tives [ZnHal,L,| (Hal= CI[33], 1[34]), while the Zn—
Br bonds are about 0.14 A longer and about 0.19 A
shorter in comparison to the Zn—Cl and Zn—I bonds,
respectively. The N—Zn—N and Br—Zn—Br bond
angles in the structure of 1 are very similar and of
about 114°, while the N—Zn—Br bond angles slightly
lower and of about 106°—110°. These bond angles are
very similar to those in the structures of [ZnHal,L,]
(Hal = ClI [33], I [34]). Finally, the dihedral angle
formed by the mean planes of the two thiadiazole rings
is 7.2(3)°.

The molecular structure of complex 1 is stabilized
by one N—H:--N and one N—H:.-Br hydrogen bonds
(Fig. 3, Table 2). Molecules of 1 are interlinked
through a myriad of N—H---N and N—H---Br hydro-
gen bonds, and S---Br and & - -1t interactions, yielding
a 3D supramolecular structure. The latter interactions
are formed by both sides of one of the thiadiazole frag-
ments, while the second thiadiazole fragment is
involved into the formation of mw---m interactions
through one of its sides.

Crystal packing of complex 1 was additionally ana-
lyzed using the Hirshfeld surface analysis imple-
mented within the CrystalExplorer 21 software. As
evidenced from the corresponding 2D fingerprint
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RMSD = 0.4955
Doy = 0.7990 A

Fig. 2. (left) Different views on the molecular structure of 1. Color code: N—H--- N hydrogen bond = cyan dashed line, N—H--- Br
hydrogen bond = green dashed line. (right) Overlay of the molecular (black) and optimized (red) structures of 1.

plots, reciprocal H---Br, H---H, S---Brand H---N con-
tacts are the dominant contributors to the molecular
surface, all together comprising 67.1% of this surface
(Fig. 4, Table 3). Notably, the H---Br and H---N con-
tacts are shown on the corresponding 2D fingerprint
plots as a pair of symmetric horns with the shortest
values at d, + d; =~ 2.6 and 2.4 A, respectively, corre-
sponding to the above described intermolecular N—
H.--Brand N—H---N hydrogen bonds (Fig. 3, Table 2).
The reciprocal S---Br contact on the corresponding
2D fingerprint plot are shown as a pair of closely adja-

cent spikes with the shortest d, + d; = 3.3 A (Fig. 4),
corresponding to the above-mentioned intermolecu-
lar S---Br interactions. The second group of dominant
contacts on the molecular surface of 1 includes recip-
rocal H---S, N---.S, C..-S, C--:N, N---Br, H---C and
C..-C contacts, all together comprising 30.1% of the
surface. The reciprocal N---S, C---S, C.--N and C---C
contacts are shown in the corresponding 2D finger-
print plots as the characteristic areas on the diagonal at
d, = d, ~ 1.8—2.4 A and correspond to the above dis-
cussed 7---7 interactions formed between the thiadi-

Table 1. Selected bond lengths (A), bond angles and dihedral angles (deg) in the crystal and optimized structures of 1 (see

Fig. 2 for atoms labelling)

Experimental Calculated Experimental Calculated

Bond length

Zn—N(1) 2.014(5) 2.130 C(1)—N(3) 1.336(9) 1.344

Zn—N(4) 2.043(5) 2.174 C(1)-S(1) 1.726(7) 1.754

Zn—Br(1) 2.4000(12) 2.381 C(2)-S(1) 1.736(7) 1.759

Zn—Br(2) 2.3926(12) 2.394 C(3)—-N#4) 1.322(8) 1.323

N(1)—N(2) 1.390(8) 1.372 C(4)—N(5) 1.286(9) 1.286

N(4)—N(5) 1.370(7) 1.369 C(3)—N(6) 1.318(10) 1.337

C(1)—N(1) 1.320(8) 1.323 C(3)-S(2) 1.740(6) 1.761

C(2)—N(Q2) 1.272(9) 1.283 C4)—-S(2) 1.716(7) 1.753
Bond angle

N(1)—Zn—N(4) 114.0(2) 101.54 N(4)—Zn—Br(1) 105.72(14) 103.17

N(1)—Zn—Br(1) 106.59(16) 104.58 N(4)—Zn—Br(2) 106.95(14) 105.10

N(1)—Zn—Br(2) 110.25(15) 112.81 Br(1)—Zn—Br(2) 113.40(4) 126.54

Dihedral angle
Thiadiazole---Thiadiazole 7.2(3) 33.31
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Fig. 3. (top) Views on the supramolecular clusters, constructed through intermolecular N—H---N, N—H. .- Br hydrogen bonds
and S---Br interactions (left), and through S---Br and =--- T interactions (right), in the crystal structure of 1. (bottom) Crystal
packing in the structure of 1. Color code: H = black, C = gold, N = blue, S = yellow, Br = purple, Zn = magenta; N—H---N
hydrogen bond = cyan dashed line, N—H--- Br hydrogen bond = green dashed line, S--- Br interaction = pink dashed line, t---7

interaction = yellow dashed line.

azole rings (Fig. 3, Table 2). Remaining reciprocal
contacts, namely N---N, C.--Br, Br---Br, S---S,
Zn---S, Zn---C and Zn---S, all together comprising
about 2.8% of the molecular surface, are very minor
contributors, each occupying <0.8% of the total sur-
face (Table 3). The reciprocal H---N, H---Br, C---N,
C.--S, N---S and S---Br contacts in the crystal struc-
ture of 1 are highly favoured since the corresponding

RUSSIAN JOURNAL OF INORGANIC CHEMISTRY

enrichment ratios Eyy, Eupr Ecns Ecs, Ens and Egg,
are larger than unity. This is explained by a relatively
higher proportion of these contacts on the total Hirsh-
feld surface area over a corresponding proportion of
random contacts. The reciprocal H---H, H---S,
N---Br, H---C, N.--N, C---Br, S---S and Br---Br con-
tacts are much less favoured or even impoverished
since the corresponding enrichment ratios are signifi-

2024
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Table 2. Hydrogen bond, Br---S and m-- -1 interaction lengths (A) and angles (deg) in the crystal structure of 1

Hydrogen bond
D-H---A d(D—H) d(H:--A) d(D---A) 2(DHA)
Experimental | N(3)—H(4)---N(3) 0.89(5) 2.08(5) 2.956(9) 168(5)
N(3)—H(3)---Br(1)*! 0.88(9) 2.74(10) 3.442(7) 138(9)
N(6)—H(6)---N(2)*2 0.76(7) 2.54(6) 3.080(9) 129(6)
N(6)—H(5)---Br(2) 0.90(9) 2.57(9) 3.404(8) 154(7)
N(6)—H(6)---Br(2)*2 0.76(7) 2.89(7) 3.531(8) 144(6)
Calculated N(3)—H(4)---N(3) 1.021 2.070 3.028 155.41
N(6)—H(5)---Br(2) 1.028 2.336 3.325 160.98
Br---S interaction
Br(1)---S(1)*3 3.4865(18)
Br(1)---S(1)*! 3.6684(18)
Br(1)---S(2)** 3.3999(17)
Br(2)---S(2)*5 3.5985(18)
Tt---TC interaction
Ce(D) Ce() d(Cg(D)---Cg(J)) o B Y Slippage
Thiadiazoleg, Thiadiazoleg,” |  3.659(3) 5.7(3) 18.2 17.0 1.145
Thiadiazoleg, Thiadiazoleg, 3.659(3) 5.7(3) 17.0 18.2 1.070
Thiadiazoles, Thiadiazoleg,”® |  3.588(3) 0.0(3) 18.3 18.3 1.127

a Symmetry operation: ! —1/2+x, 1/2—y, 172+ 2,72 3/2+x, 12+ p, 12— 27312 —-x, 1/2+y, 12—z ¥ 12 —x,—1/2 + y,

12—7%32—x, 12+, 12—z 1-x,1-y,1-2

Table 3. Hirshfeld contact surfaces and derived “random
contacts” and “enrichment ratios” for 1

| H \ C \ N \ S \ Br \ Zn
Contacts (C, %)?
H 13.4 — — — — —
C 2.5 1.0 — — — —
N 13.0 4.0 0.7 — — —
S 7.8 4.9 6.3 0.3 — —
Br 27.5 0.6 3.6 13.2 0.4 —
Zn 0.3 0.2 0.0 0.2 0.0 0.0
Surface (S, %)
1390 | 7.1 | 142 |165 |229 | 04
Random contacts (R, %)
H 15.2 — — — — —
C 5.5 0.5 — — — —
N 11.0 2.0 2.0 — — —
S 12.9 2.3 4.7 2.7 — —
Br 17.8 3.2 6.5 7.5 5.2 —
Zn 0.3 0.0 0.1 0.1 0.2 0.0
Enrichment (E)°

H 0.88 — — — — —
C 0.45 — — — — —
N 1.18 1.99 0.35 — — —
S 0.61 2.09 1.35 0.11 — —
Br 1.54 0.18 0.56 1.75 0.08 —
Zn — — — — — —

3 Values are obtained from CrystalExplorer 21 [46].
The “enrichment ratios” were not computed when the “random
contacts” were lower than 0.9% as they are not meaningful [45].
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cantly less than unity and of 0.08—0.88. Thus, the
obtained results of the Hirshfeld surface analysis of
intermolecular contacts in the crystal structure of 1
strongly support the dominant role of the intermolec-
ular N—H:---N and N—H---Br hydrogen bonds as well
as S---Br interactions and 7-- -1 interactions between
the thiadiazole rings in the crystal packing.

We have further revealed energy frameworks to
additionally analyze the overall crystal packing of
complex 1. For this purpose, a molecular cluster of
radius 3.8 A was considered within the CrystalEx-
plorer 21 software. As evidenced from the obtained
results, the electrostatic energy component is the
dominant one for the molecules linked through the
N—H---Br and S---Br interactions, molecules linked
through the w---m interactions with the longer dis-
tances (3.659(3) A) between the thiadiazole centroids,
and molecules linked through the N—H---N, N—
H---Brand S:--Brinteractions (Fig. 5, Table 4). Nota-
bly, the latter two types of molecules with the men-
tioned interactions are linked with the most favourable
values of the total energies. A similar total energy value
was revealed for the molecules interacting through the
-7 interactions with the shorter distance (3.588(3) A)
between the thiadiazole centroids; however, the dis-
persion energy component in this case is the dominant
one followed by the electrostatic one. The next inter-
molecular interactions dominated by the dispersion
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Fig. 4. 2D fingerprint plots of the main contacts in the structure of 1.

Fig. 5. The color-coded interaction mapping within 3.8 A of the centering molecule in the crystal structure of 1, calculated from
a single-point molecular wavefunction at B3LYP/6-31G(d,p).
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Fig. 6. Frameworks for electrostatic (left), dispersion (middle) and total (right) energies computed for the crystal structure of 1.
The cylindrical diameters reflect the relative contribution of the corresponding energies, and they were adjusted to the same scale

factor of 50 within 3 X 3 X 4 unit cells.

energy component were revealed for the molecules
linked through the weak N—H-:--Br interactions
(3.09(10) A) and weak 7-- -7 interactions with the dis-
tance between the thiadiazole centroids of 4.957(3) A
and slippage of 3.827 A. The other dispersion energy
component dominated interactions were found for the
molecules interacting through the weak N—H---H—C
dihydrogen interactions, although the total energy is
highly positive and mainly dictated by the positive
electrostatic component. The corresponding energy
frameworks are shown in Fig. 6.

The structure of complex 1 was further optimized
using the DFT-based computations to examine its
electronic features. The calculated bond lengths and
bond angles are in good agreement with the experi-
mental ones (Fig. 2, Table 1); however, clear discrep-
ancies of about 13° are observed between the experi-
mental and calculated values for the N(1)—Zn—N(4)
and Br(1)—Zn—Br(2) bond angles (Table 1). This is
also reflected in the values of the dihedral angle
between the two thiadiazole rings (Fig. 2, Table 1).
The calculated dipole moment of a molecule of 1 is
high and of ~9.38 Debye with the largest contribution
from the W, component of about —7.82 Debye fol-

lowed by the |, component of about —4.99 Debye
(Table 5).

Analysis of the Mulliken charges of atoms of com-
plex 1 revealed that all the hydrogen atoms are posi-
tively charged with the highest (~0.40) and lowest
(~0.20) charges observed on the NH, hydrogen atoms
H(4) and H(5) (Fig. 7), which are involved in the for-
mation of the intramolecular N(3)—H(4)---N(5) and
N(6)—H(5)---Br(2) hydrogen bonds, respectively (Fig. 2,
Table 2). In general, the most positive and negative
charges of about 0.81 and —0.48 were found on the
Zn(II) cation and the bromide anion Br(1) (Fig. 7).
The second most negative charge of about —0.44 was
found on the second bromide anion Br(2), which is
involved in the formation of the intramolecular N(6)—
H(5)---Br(2) hydrogen bond (Fig. 2, Table 2). Both
coordinated nitrogen atoms N(1) and N(4) carry a low
positive charge of about 0.06 and 0.12 (Fig. 7). The
other positively charged atom is the sulfur atom
(~0.05) of the thiadiazole ligand, which forms two
intramolecular hydrogen bonds (Fig. 2, Table 2).
Remaining nonhydrogen atoms of both ligands L are
negatively charged from about —0.04 to —0.35 (Fig. 7).

Table 4. Interaction energies (kJ/mol) calculated with the B3LYP/6-31G(d,p) energy model for the crystal structure of 1.
Values in parenthesis are obtained after normalizing to 100% the sum of the attractive energy contributions

N Symmetry operation R ES. Eb, ER, ED, EY,
2 Ix+1/2.—y+1/2.2+ 1,2 770 | —36.7(54.3) | —10.5 (15.5) | —20.4 (30.2) | 41.1 —38.9
2 %0,z 8.00 —3.9(19.6) | —5.8(29.1) | —10.2 (51.3) 7.4 —12.7
1 |—x,—y,—2 10.33 19.8 —2.6(36.1) | —4.6(63.9) 0.4 15.2
2 |x+1/2,p+ 12, —z+ 12| 768 | —66.3(54.3) | —17.7 (14.5) | —38.2(31.3) | 753 —69.9
2 |x+1/2,y+1/2,—z+1/2| 805 | —64.0(63.6) | —14.3(14.2) | —22.3(22.2) | 422 ~716
1 |—x,—y,—z 10.53 —7.3(39.0) | —1.6(8.6) —9.8(52.4) 7.2 —13.0
1| —x, =y, —2 775 | —204(59.6) | —5.7(167) | —8.1(23.7) | 21 315
1 |—=x,—y,—z 6.40 —39.7(38.8) | —8.4(8.2) | —54.1(52.9) 44.6 —67.8

4N is the number of molecules with an R molecular centroid-to-centroid distance (A); color codes in the first column are referenced to Fig. 5.

bg

scale factors; £ = kgjo X E,

kiep, X E,

olc is the electrostatic energy, Epol is the polarization energy, Eg; is the dispersion energy, El.ep is the exchange-repulsion energy, k values are
ele + kpol X Epol + kdis X Edis +

rep rep =1.057 x Eele +0.740 % Epo] +0.871 % Edis +0.618 x Erep [53]
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)
&130.3

Fig. 7. Mulliken atomic charges in the optimized structure
of complex 1 (see Fig. 2 for atoms labelling).

The HOMO in the molecule of complex 1 was
found to be delocalized on the ZnBr, fragment, the
nitrogen atom of the NH, group, which is involved in
the formation of the N—H---N hydrogen bond, and
the coordinated nitrogen atom of the same ligand L
(Fig. 8). The LUMO is delocalized on the second
ligand L and the C(NH,) carbon atom of the other
ligand L (Fig. 8).

The HOMO and LUMO values also dictate the
ionization energy (/) and electron affinity (4). The
obtained values of / and A indicate relatively low elec-
tron donating and electron accepting properties of the
optimized molecule of 1 (Table 5). Furthermore, 1 is
characterized by a relatively high value of 1 and a rela-
tively low value of S, indicating this complex exhibits a
tendency not to exchange its electron cloud with sur-

Table 5. Dipole moments, frontier molecular orbitals, gap val-
ues and descriptors for the optimized structure of complex 1

Wp, Debye 9.3774
L., Debye 1.4056
U, Debye —7.8164
u,, Debye —4.9864
Eyomo» eV —6.408
E umo» eV —1.771
AEjumo - nHomo = Erumo — Enomos €V 4.637
Ionization energy, I = —Exomo, €V 6.408
Electron affinity, 4 = —E| ypo, €V 1.771
Electronegativity, y = (I + A)/2, eV 4.090
Chemical potential, L = —y, eV —4.090
Global chemical hardness, N = (/ — 4)/2, eV 2.319
Global chemical softness, S = 1/(2n), eV~ 0.216
Global electrophilicity index, ® = p?/(2n), eV 3.607
AN pax = —H/M 1.764

RUSSIAN JOURNAL OF INORGANIC CHEMISTRY

rounding environment. The electrophilicity index (®)
value is about 3.61 eV, which is in the range for the pro-
nounced electrophiles. Finally, the optimized struc-
ture of 1 can accept about 1.76 electrons as evidenced
from the corresponding AN,,,, values.

‘We have also calculated the molecular electrostatic
potential (MEP) surface of the optimized structure of
complex 1, which revealed two bromide anions, fol-
lowed by the noncoordinated thiadiazole nitrogen
atom of the ligand L, which is not involved in the for-
mation of the intramolecular N—H- - -Br hydrogen bond,
as the most electron-rich sites (Fig. 9). The most electron
deficient sites were found on the hydrogen atoms of both
NH, fragments, which are not involved into N—H---N
and N—H---Br hydrogen bonds.

The molecule of complex 1 comprises 21 atoms,
thus exhibiting 57 normal modes in the IR spectrum.
The calculated IR spectrum is in good agreement with
the experimental one (Fig. 1). Bands for the stretching
vibrations of the NH fragments, not involved in the
formation of intramolecular N—H---N and N—H---Br
hydrogen bonds, were shown at 3524 and 3538 cm™!,
while the stretching bands of the NH fragments
involved in the formation of intramolecular N—H---N
and N—H---Br hydrogen bonds were shown at 3269
and 3134 cm™!, respectively. Band for the NH bending
vibrations were found at 1635 and 1663 cm~!. The CN
fragments of the ligands L were revealed in the spec-
trum as two bands at 1504 and 1531 cm~!, while the CS
vibrations were shown as a band at 1352 cm™.

CONCLUSIONS

In conclusion, a new mononuclear heteroleptic
coordination compound bis(2-amino-1,3,4-thiadi-
azole-N)-dibromo zinc(II), [ZnBr,L,] (1), which was
readily obtained from the addition reaction of two
equivalents of 2-amino-1,3,4-thiadiazole (L) to one
equivalent of ZnBr,-2H,0, is reported. The composi-
tion of the obtained complex was proved by the means
of elemental analysis, and its structure was revealed by
FT-IR spectroscopy and single crystal X-ray diffrac-
tion. Crystal packing of complex 1 was additionally
studied using the Hirshfeld surface analysis. In a mol-
ecule of 1, two parent ligands L are monocoordinated
through the thiadiazole 3-nitrogen atom and the coor-
dination sphere of the metal cation is filled by two bro-
mide anions, all together yielding a four-membered
N,Br, coordination environment, which is best
described as being about 40% along the pathway of
distortion from the ideal tetrahedral toward trigonal
pyramidal structure. The molecular structure of com-
plex 1 is stabilized by one N—H---N and one N—
H---Br hydrogen bonds. Molecules of 1 are interlinked
through a myriad of N—H---N and N—H---Br hydro-
gen bonds, and S---Br and - - -7 interactions, yielding
a 3D supramolecular structure. The molecular surface

2024
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J

HOMO
—6.408 eV

AE =4.637 eV J—‘)
% S 03,

LUMO
—1.771 eV

Fig. 8. The HOMO and LUMO of the optimized structure of complex 1.

—0.04au. [ T T +0.04a.u.

B &

Fig. 9. Front and rare views on the molecular electrostatic potential (M EP) surface of the optimized structure of complex 1.

of 1 is described by highly favoured reciprocal H---N,
H---Br, C---N, C..-S, N---S and S.--Br contacts. The
DFT/B3LYP/6-31++G(d,p) based calculations
revealed a strong electrophilic nature of the optimized
structure of 1 with the bromide anions being the most
nucleophilic sites and NH, hydrogen atoms, which are
not involved in the formation of intramolecular
hydrogen bonds, being the most electrophilic sites.
Finally, the crystal structure of complex 1 reported
herein fills the previously incomplete series of the
related complexes [ZnHal,L,] (Hal = CI [33], 1 [34]).
Thus, the reported herein complex 1 together with its
chlorine and iodine derivatives are of potential interest
to further detailed studies of their properties of value,
e.g. optical and catalytic.
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