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Two-Dimensional Coordination Polymer {[Bi(Рyz)I3]}: Structure 
and Analysis of the Packing Using the Hirshfeld Surface Method
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Abstract—The reaction of BiI3 with pyrazine in tetrahydrofuran affords the two-dimensional coordination
polymer {[Bi(Pyz)I3]} (I), whose structure is determined by X-ray diffraction analysis (СIF file ССDС no.
1904990). The contributions of various interatomic contacts to the crystal packing of compound I are studied
using the Hirshfeld surface analysis performed for the elementary unit of compound I. The interatomic dis-
tances I···H make the largest contribution to the crystal packing of compound I.
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INTRODUCTION

Metal-organic frameworks (MOF) represent a
broad class of complex compounds attracting atten-
tion of researchers due to a series of physicochemical
properties [1–9]. Among the most intensively studied
properties are luminescence and the possibility of
conductivity using it in the development of sensors
[10, 11], proton conductance [12], selective sorption of
gases [13], etc. It should be mentioned that the most
part of the known MOF are derivatives of transition
metals, especially 3d elements. As compared to them,
the MOF based on p elements (in particular, Bi(III),
Pb(II)) are poorly studied [14–19]. The 2D pyrazine
chlorobismuthate complex [Bi2Cl6(Рyz)4] has been
described rather recently [20], and the related lumi-
nescent materials were obtained (by doping with lan-
thanide salts). It was earlier mentioned [21] that,
under similar conditions (using a salt of the same cat-
ion as a precursor, an identical solvent, etc.), chloro-,
bromo-, and iodobismuthates(III) often (although
not always) turned out to be isostructural. Similar
observations were made for some heteroligand halo-
genbismuthates(III) [22, 23]. Based on these facts, it
seemed reasonable to continue the studies started in
[20] by the synthesis of other pyrazine halide com-
plexes of Bi(III), determination of their structures,
and investigation of the properties.

In this work, we synthesized the 2D coordination
polymer {[Bi(Pyz)I3]} (I) and determined its structure
by X-ray diffraction analysis. An analysis of the Hirsh-
feld surface was performed for compound I in order to
establish the contributions of various interatomic con-
tacts to the crystal packing.

EXPERIMENTAL
The initial reagents were purchased from commer-

cial sources, and tetrahydrofuran was purified accord-
ing to a standard procedure.

Synthesis of {[Bi(Рyz)I3]} (I). Tetrahydrofuran
(10 mL) was added to BiI3 (100 mg, 0.17 mmol) and
pyrazine (14 mg, 0.17 mmol), and the mixture was
heated to 60°С. After the complete dissolution of the
reagents (3 h), the solution was cooled down to room
temperature. The gradual evaporation of the solvent
(to ~1/5 of the initial volume) resulted in the forma-
tion of orange crystals of compound I suitable for
X-ray diffraction analysis. The yield was 87%.

X-ray diffraction analysis (XRD). The diffraction
data for a single crystal of compound I were obtained
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Table 1. Crystallographic data and experimental and structure refinement parameters for compound I

Parameter Value

FW 669.77
Crystal system Orthorhombic
Space group Pbca
a, Å 12.6114(4)
b, Å 12.4677(4)
c, Å 14.2907(5)

V, Å3 2247.00(13)

Z 8

ρcalc, g/cm3 3.960

μ, mm−1 23.88

F(000) 2272
Crystal size, mm 0.25 × 0.20 × 0.17
Scan range over θ, deg 3.9–28.9
Range of indices hkl –16 ≤ h ≤ 17, –14 ≤ k ≤ 16, –19 ≤ l ≤ 17
Number of measured/independent reflections 9962/2629
Rint 0.033
Number of ref lections with I > 2σ(I) 2350
GOOF 1.09
R factors (I > 2σ(I)) R1 = 0.0255, wR2 = 0.0512
R factors (for all ref lections) R1 = 0.0309, wR2 = 0.0531

Residual electron density (max/min), e/Å3 1.59/–1.50
at 130 K on an Agilent Xcalibur automated diffractom-
eter equipped with an AtlasS2 two-coordinate detec-
tor (graphite monochromator, λ(MoKα) = 0.71073 Å,
ω scan mode). The integration, application of an
absorption correction, and determination of the unit
cell parameters were performed using the CrysAlisPro
program package. The crystal structures were solved
using the SHELXT program and refined by full-
matrix least squares in the anisotropic (except for
hydrogen atoms) approximation using the SHELXL
program [24]. The positions of the hydrogen atoms of
the organic ligands were calculated geometrically and
refined in the riding model. The crystallographic data
and details of XRD experiments are presented in
Table 1.

The full tables of interatomic distances and bond
angles, coordinates of atoms, and atomic shift param-
eters were deposited with the Cambridge Crystallo-
graphic Data Centre (CIF file CCDC no. 1904990;
https://www.ccdc.cam.ac.uk/structures/).

RESULTS AND DISCUSSION

According to the CCDC data, the number of com-
plexes of post-transition metals with pyrazines is fairly
low. Only one compound [(SbF5)2(Рyz)] is described
RUSSIAN JOURNAL OF C
for Sb in which pyrazine acts as a linker connecting
two {SbF5} fragments [25]. Heteroligand pyrazine
halide complexes (X = Cl, Br, I) are known for Pb(II).
The chloride [26] and iodide [27] complexes
{[Pb2(Рyz)X4]} are isostructural. At the same time, the
bromide complex differs in both composition
({[Pb(Рyz)Br2]}) and structure [28]. All these com-
plexes are 2D coordination polymers. In the case of
Sn(IV), the {[Sn(Рyz)2Cl4]} complex is one-dimen-
sional [29].

The coordination environment of the Bi atoms in
the structure of complex I is a distorted octahedron.
Of four iodide ligands, two ligands are terminal (Bi–
Iterm 2.869–2.891 Å) and other two ligands are μ2-
bridging, whereas the Bi–I distance for one of them is
significantly shorter than that for another (2.959 ver-
sus 3.371 Å). A similar elongation of bonds is typical of
the bridging halide ligands [21]. Two coordination
sites are occupied by pyrazine ligands (Bi–N 2.691–
2.798 Å) acting as ligands. Thus, complex I is a 2D
coordination polymer (Fig. 1), whose structure differs
substantially from that of pyrazine chlorobis-
muthate(III) described earlier [20].

Although complex I exhibits no external properties
of decomposition during isolation from the mother
liquor, we found that the complex underwent decom-
OORDINATION CHEMISTRY  Vol. 46  No. 1  2020
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Fig. 1. Structure of the {[Bi(Рyz)I3]} layer. Hydrogen atoms are omitted.

Bi

NI
position under X-ray irradiation at room temperature.
During XRD analysis, the color of a sample of com-
pound I changes from light orange to gray-black. The
obtained powder XRD patterns are not consistent with
the calculated data for the structure of complex I: a
new crystalline phase is formed, whose composition,
according to the elemental analysis data, is similar to
that of the initial phase (see Fig. 2). This effect is
reproducible, and additional experiments make it pos-
sible to exclude the influence of other factors (hydro-
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY

Fig. 2. (a) Experimental XRD pattern of the substance formed du
the calculated XRD pattern for compound I. 
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lysis, photo- or thermoinduced decomposition). The
reasons for a low resistance of compound I to X-ray
radiation are presently unobvious.

In order to understand what interatomic contacts
make the largest contribution to the crystal packing,
we performed an analysis of the Hirshfeld surface (this
approach is widely used for an analysis of packings of
coordination compounds [30–37]) for the elementary
unit of the polymer structure of compound I (Fig. 3)
using the Crystal Explorer 3.1 program. The following
  Vol. 46  No. 1  2020
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Fig. 3. Hirshfeld surface for the elementary unit of the structure of compound I obtained in the framework of the formalism of
normalized contact lengths based on van der Waals radii according to Bondi [38] (dnorm [39]).
fractions of contributions of the interatomic contacts
were found: I···H 50.9, C···I 15.2, I···I 8.5, I···N 7.3,
H···H 5.2, Bi···I 4.1, N···H 3.5, Bi···N 3.5, C···H 0.9,
and Bi···H 0.9%. Thus, the analysis of the Hirshfeld
surface for the elementary unit of compound I showed
that the I···H interatomic distances made the largest
contribution to the crystal packing of this compound.
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