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Abstract
The new organic–inorganic hybrid material  (C6H7N2S)2[SbCl4]Cl was synthesized by slow evaporation method and charac-
terized by single-crystal X-ray diffraction, infrared absorption, Hirshfeld surface analysis, optical absorption and photolu-
minescence measurements. The Centro symmetric compound crystallizes in the triclinic system of space group P1̄ with two 
formula units cell (Z = 2).The crystal structure is composed of a discrete  [SbCl4]− anion and two isolated chloride  Cl− anions 
which carried the same negative charge to balance the total charge of this compound surrounded by the 4 pyridiniumethio-
amide cations. Organic and inorganic parts which are linked by means of hydrogen bonding contacts N–H···Cl with N···Cl 
length are varied in the range of 3.221–3.456 Å to form a Zero-dimensional network. The infrared study performed at room 
temperature charge in the 4000–400 cm−1 frequency regions confirms the existence of the organic cation  [C6H7N2S]+ and 
that of the  [SbCl4]− anion. The Photoluminescence spectrum exhibits a broad and strong band of luminescence located at 
1.95 eV (635 nm), which can be even observed with the naked eye at room temperature and is due to exaction emission. 
The various intermolecular interactions of the two independent cations and six chloride atoms were examined via Hirshfeld 
surface analysis.

Keywords Antimony material · X-ray diffraction · Hirshfeld surfaces · Vibrational spectroscopy · Luminescence

1 Introduction

The group of halogenoantimonates (III) and halogenobis-
muthates (III) organic–inorganic hybrids are interesting sys-
tems because of the opportunity to associate the organic and 
the inorganic materials properties.

In fact, the coordination compounds of the main group 
metals which are characterized by their  ns2 electronic 
lone pair at the metal, present a large variety of different 

structures. Among these complexes, the materials based on 
antimony (III) are good examples of this behavior. Nowa-
days, these compounds have received special attention for 
their various physical and chemical properties such as mag-
netic or ferroelectric transitions, conductivity (super con-
ductivity), electroluminescence and photo-luminescence [1, 
2]. In particular case of aromatic antimonate (III) chlorides, 
 [SbCl4]− anions are obtained [3, 4]. In these compounds, the 
metal shows a tendency towards distorted or regular tetrahe-
dral coordination with some rather long Sb–Cl bonds. This 
allows us to compare the relative importance of the stereo 
chemical activity of the lone electron pair on the Sb(III). 
Typically, chloro antimonates (III) expose a wide range of 
interactions and offer a unique possibility to compare the 
relative importance of the stereo chemical activity of the 
lone electron pair on the Sb(III) atom and N–H···Cl hydro-
gen bonds [5]. These anionic species have been observed 
to form a variety of dimensionality. Indeed, the antimony 
halide often built up by distorted  [SbCl6]3− octahedra or 
 [SbCl4]− tetrahedron, which can be isolated or connected 
with each other by corners, edges, or faces, thus forming 

Electronic supplementary material The online version of this 
article (https ://doi.org/10.1007/s1090 4-019-01316 -8) contains 
supplementary material, which is available to authorized users.

 * Mohamed Boujelbene 
 m_boujelbene2010@yahoo.fr

1 Laboratoire Physico-Chimie de l’Etat Solide, LR11ES51, 
Faculté des Sciences de Sfax, Université de Sfax, Route de 
Soukra Km 3.5, BP 802, 3071 Sfax, Tunisia

2 Laboratoire de Cristallographie, CNRS, 25 Avenue des 
Martyrs, BP 166, 380 Grenoble, France

http://crossmark.crossref.org/dialog/?doi=10.1007/s10904-019-01316-8&domain=pdf
https://doi.org/10.1007/s10904-019-01316-8


890 Journal of Inorganic and Organometallic Polymers and Materials (2020) 30:889–898

1 3

naturally isolated molecules (0D) [6, 7], infinite chains (1D) 
[8] or two dimensional (2D) networks. More than 30 various 
anionic structures have been isolated so far [9, 10]. In these 
materials, the crystal packing is defined by the interaction 
between the two organic and inorganic entities, which can be 
hydrogen bonds, van der Waals, or electrostatic interactions. 
However, based on recent research works on organic–inor-
ganic metal halides compounds taken as a support to study 
the effects of the size and the coordination mode of the cat-
ion, we have successfully synthesized a new Zero-dimen-
sional organic–inorganic hybrid compound of the formula 
 (C5H7N2S)2[SbCl4]Cl. This research work reports the chemi-
cal synthesis, structure characterization by X-ray diffraction, 
infrared spectroscopy (IR), and optical (photoluminescence 
and absorption) properties of the 4 pyridiniumethioamide 
chloride tetrachloro antimonates (III).

2  Experimental

2.1  Synthesis

Under ambient conditions, the title compound 
 (C6H7N2)2[SbCl4]Cl was synthesized by dissolving in 
about 10 ml of distillated water each one of 4 pyridinethio-
amide  C6H6N2S (0.27 mg, 97%) and Antimony trichlo-
ride  SbCl3 (0.228 mg, 99.5%) which were purchased from 
Sigma–Aldrich and used without further purification. Then, 
these latter were mixed in the 2:1 stoichiometric ratio in a 
concentrated HCl (37%, 3 ml) as shown in the following 
reaction:

The resulting aqueous solution was then kept to evaporate 
at room temperature for about 4 weeks, leading to the growth 
of yellow crystals of  (C6H7N2S)2[SbCl4] Cl.

2.2  Hirshfeld Surface Calculations

Hirshfeld surfaces analyses [11] and their associated two-
dimensional fingerprint plots as a powerful tool leads not 
only to study the solid-state behavior of molecules, but also 
to qualify the different types of inter-molecular inter-actions 
in the title compound. Molecular Hirshfeld surfaces, which 
were generated by the Crystal Explorer program [12, 13], 
were constructed from CIF file in order to analyze crystal 
structures.

Molecular Hirshfeld surfaces are built based on the distri-
bution of electrons calculated as the sum of spherical atom 
electron densities [14, 15]. Moreover, the  dnorm normalized 
contact distance property between molecules in 3D space 
based on both  di and  de (The distance from Hirshfeld surface 
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to the nearest nucleus inside and outside, respectively) and 
the van der Waals radii  (ridvW and  redvW) of the atoms given 
by the following equation: [16, 17].

Therefore, the values of  dnorm can be negative or positive 
when intermolecular contacts were shorter or longer than 
“rvdw”, respectively.

The 3D  dnorm surfaces were visualized using a 
red–white–blue color scheme as follows; the first one indi-
cates a negative  dnorm value; and a shorter intermolecular 
contact than 

∑

r
vdw , the second represents the distance close 

to van de Waals contacts with zero  dnorm values, and the last 
one shows positive  dnorm values and a longer intermolecular 
contact than 

∑

r
vdw . The combination of de and di in the 

form of a 2D fingerprint plot [18] ensures the summary of 
intermolecular contacts in the crystal and are in comple-
ment to the Hirshfeld surfaces [19]. Two additional colored 
properties (shape index and curvedness) based on the local 
curvature of the surface can also be specified [20]. The pre-
sent research works adopt the Hirshfeld surfaces analysis 
which are mapped with dnorm, shape-index, curvedness and 
2D fingerprint plots (full and resolved) and performed by the 
Crystal-Explorer program [21].

2.3  Infrared Measurements

To gain more information within the crystal structure, 
we have undertaken a vibrational study using the Fourier 
transform infrared (FT-IR) absorption at room temperature, 
which was performed, in a Perkin–Elmer FT-IR Paragon 
1000 PC spectrometer over the 4000–400 cm−1 range, in a 
KBr pellet.

2.4  Absorption and Photoluminescence 
Measurements

The photoluminescence spectrum of  (C6H7N2S)2[SbCl4]Cl 
was reported at room temperature in which we utilized a 
PerkinElmer LS 55 spectrometer within a 350 nm radiation.

The optical absorption spectrum was resolute from 
transmission measurements performed using Cary 5000 
UV–Vis–NIR spectrophotometer.

2.5  X‑ray Crystallography

A new single crystal was mounted at 293 K on a Bruker 
ApexII Kappa CCD diffractometer using AgKa radiation 
(λ = 0.5608 Å). A number of 28,517 reflections were meas-
ured, out of which 4650 were independent and 4211 had 
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intensity I > 2σ(I).The crystal structure was solved by direct 
methods using the program SHELXS-2013 [22]. However, 
the antimony atoms were determined by the method of Pat-
terson with SHELXS-2013 program [22], while the other 
atoms such as the organic moieties were found from suc-
cessive Fourier calculations using SHELXL-2013 [23]. The 
hydrogen atoms of the CH, NH and  NH2 groups were fixed 
geometrically by the appropriate instructions of the program 
(AFIX 43, AFIX 43 and AFIX 93, respectively) [23]. After 
performing several refinement tests, we found that the final 
discrepancy factors R1 = 0.055 and WR2 = 0.175. The draw-
ings were made with Diamond [24].

The crystallographic data for  (C6H7N2S)2[SbCl4]Cl are 
summarized in Table 1. The hydrogen bonding parameters 
are represented in Table 2. The interatomic distances and 
bonds angles are listed in Table S1. A summary of atomic 
coordinates with Ueq is given in Table S2.

3  Results and Discussion

3.1  Crystallographic Study

The results of single-crystal X-ray diffraction analysis at 
room temperature reveal that the title compound crystal-
lizes in the centrosymmetric triclinic P1̄ space group. The 
cell dimensions are: a = 9.5018 (5) Å, b = 10.4618 (5) Å, 
c = 12.2616 (5) Å, α = 115.2500 (5)°, β = 109.3762 (5)°, 
γ = 90.2513 (5)° and V = 1024.6 (8) Å3.

The asymmetric unit of  (C5H7N2)2[SbCl4]Cl is made up 
of the part of anions which is composed of a tetrachloride 
antimonite and two isolated chloride  Cl− anions, and the part 
of cations formed by two independent 4 pyridiniumethio-
amide organic cations (Fig. 1). Furthermore, these cations 
are interposed between the inorganic sheets forming zig-
zag chains (Fig. 4) which are linked via hydrogen bonds 
N–H···Cl with N···Cl length in the range of 3.221–3.456 Å 
(Table 2).

Table 1  Crystal data and experimental parameters used for the inten-
sity data collection strategy and final results of the structure determi-
nation

Chemical formula (C5  N2H7S)2[SbCl4]Cl
Formula weight (g mol−1) 874.38
Crystal system, space group Triclinic, P1̄
Temperature 293 K
a (Å) 9.502 (5)
b (Å) 10.461 (5)
c (Å) 12.262 (5)
α (°) 115.250 (5)
β (°) 109.376 (5)
γ (°) 90.251 (5)
Cell volume (Å3) 1024.6 (8)
Z 2
F(000) 832
Density 2.834
µ  (mm−1) 2.16
Radiation type, λ (Å) Ag Kα, 0.56087
Rint 0.055
Θ range (°) 2.7–21.4
Indexes range − 12 ≤ h ≤ 12

− 13 ≤ k ≤ 13
− 15 ≤ l ≤ 15

Measured reflections 28,517
Independent reflections 4650
Reflection with I > 2 �(I) 4211
R[F2 > 2σ(F2)] 0.054
wR(F2) 0.175
Goof S(F2) 1.04
Δρmax/Δρmin (e Å−3) 2.73/− 3.15
Summary of data CCDC 1,888,302

Table 2  Hydrogen-bonds geometry (Ǻ)

D–H d(D–H) d(H···A) 〈DHA〉 d(D···A) A

N2–H2A 0.860 2.542 136.51 3.221 Cl1
N4–H4A 0.860 2.548 137.04 3.231 C14
N3–H3 0.860 2.958 114.38 3.405 C14
N3–H3 0.860 2.561 155.08 3.360 C15
N1–H1 0.860 2.947 115.51 3.407 C11
N1–H1 0.860 2.579 154.50 3.376 C16

Fig. 1  Asymmetric unit of the  (C6H7N2S)2[SbCl4]Cl crystal
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In this atomic arrangement, the central antimony atom 
is surrounded by four chlorine atoms forming a regular 
 [SbCl4]− tetrahedral that are located at x = ¼ and x = ¾, They 
are also isolated from each other to form a Zero-dimensional 
network. Moreover, the geometry of the  SbCl4 tetrahedral 
chlorine coordination is characterized by a range of Sb–Cl 
bond length from 2.418(16) to 2.605(2) Å (Table S1) to 

build a regular tetrahedron according to the result of distor-
tion index [25] (Table S3):

Table S1 generates the four Sb–Cl bonds ranging from 
2.418 to 2.605 Å. The two longest ones (2.605 and 2.602 
Å) correspond to (Cl(1)) and Cl(4), respectively. They 
are linked via the hydrogen bonds with the nitrogen atom 
(N(2)) and N(4) of 4 pyridiniumethioamide cation forming 
the shortest hydrogen bond N(2)–H···Cl(1) = 3.221 Å and 
N(4)–H···Cl(4) = 3.231 Å in this structure Table 2.

Figure 2 shows that anion part is surrounded by five cati-
ons where the  SbCl4 anion interconnected with one cation 
via hydrogen bond N(2)–H···Cl(1) whereas each chlorine 
of Cl6 and Cl5 is surrounded by two 4 pyridiniumethio-
amide via hydrogen bonds which are N(3)–H···Cl5 and 
N(1)–H···Cl6.

A projection of the structure on the (001) plane (Fig. 3) 
indicates that the inorganic clusters and  [C6H7N2S]+ cations 
form alternating layers parallel to (a, b) plans, which are 
located at approximately x = ¼ and x = ¾ (Fig. 5).

It is evident that the intermolecular hydrogen bond-
ing contacts N–H···Cl and the van der Waals contacts can 
give rise to a Zero-dimensional construction and add to 
stabilities.

Additionally, the free chloride anions Cl6 and Cl5 occupy 
the corners at x = 0 and the middle of the edge x = 1/2, 
respectively. Figures 3 and 4 show that the first one pro-
vides a linkage between two successive and similar chains 

ID(Sb−Cl) = 1∕4

4
∑

1

(

SbCli − SbClm

SbClm

)

= 0

Fig. 2  The environment of the inorganic entities

Fig. 3  The atomic arrangement 
of  (C6H7N2S)2[SbCl4]Cl in 
projection along the c-axis
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of 4 pyridiniumethioamide but the second one insures the 
connection between two cations into the chains.

Moreover, the molecular packing is dominated by hydro-
gen bonds interactions of the aforementioned type, which 
are formed by an intertial Cl atom (Cl6) and (Cl5) with 4 
pyridiniumethioamide cations N(1)···Cl(6) 3.376 Å and 
N(3)···Cl(5) 3.360 Å.

The charge of the anionic sub lattice  ([SbCl4]−Cl2
−) is 

balanced by the presence of two independent cations each 
of which is mono-protonated  [C6H7N2S]+. Indeed, the two 
chlorine anions share the same negative charge (Fig. 5, 
Table S2).

On the other hand, the organic cations are intercalating 
in the interlayer spacing and neutralize the negative charge 
of the inorganic layers. Furthermore, the distance between 
two aromatic nucleus was 6.617 Å > 3.8 Å (Fig. 6), which 
confirms that the π–π interaction are absent in this com-
pound [26].

3.2  Infrared Spectroscopy

To gain more information about the structure of the title 
compound  (C6H7N2S)2[SbCl4]Cl, we performed a vibra-
tional study using infrared absorption as shown in Fig. S1.

According to some studies reported in the literature [2, 
27–35] we can propose an attempt of assignment of the 
observed bands Table 3.

The IR spectrum shows, at high wave numbers, the 
N–H stretching modes, combination bands and harmonics, 
whereas at lower ones, it indicates the bending and exter-
nal modes. However, numerous functional groups such as 
NH, C–H, C–C, C–N, C–C–N and C–N–C are present in 4 
pyridiniumethioamide cation, which are manifested in differ-
ent range with different intensity (Fig. S1). The absorption 
bands observed at 3507 and 3329 cm−1 are attributed to the 
stretching asymmetric and symmetric υ(NH2), respectively 
[28, 34]. However, scissoring asymmetric and symmetric 
vibration δ(NH2) have been identified as broad and weak 
bands at 1717 and 1684 cm−1, respectively [28, 34]. The 
bands at 1278, 692 and 674 cm−1 correspond to twisting  NH2 
[29] and the band at 614 cm−1 is due to wagging  (NH2) [30]. 
Concerning the asymmetric stretching vibrations of the N–H 
bond, they appear at 3507, 1700 and 1684 cm−1 whereas 
the absorptions bands situated at 3329 and 1635 cm−1 cor-
respond to the symmetric stretching vibration of the N–H 
bond (Fig. S1). Moreover, the broad band observed in the 
2991–2685 cm−1 spectral region, corresponds to the NH 
stretching vibrations interconnected by a system of hydrogen 
bonds in the crystal [28, 32, 34].

Generally, in the caption 4 pyridiniumethioamide, 
the stretching vibrations C–H are detected in the region 
2787–3133 cm−1 [28–32]. These vibrations are observed in 
IR at 3133, 2991, 2869 and 2787 cm−1, where the two bands 

at 2904, 2869 cm−1 are attributed to the (C–H) asymmetric 
and symmetric stretching vibrations, respectively [33, 34].

Besides, the bands situated at 1204 and 1056 cm−1 were 
assigned to the in-plane bending (C–H) (Fig. S1). The vibra-
tions at 1003 cm−1 are due to the scissoring mode of the 
N–H bands.

Additionally, the C=C stretching modes are superimposed 
in 1457, 1408 and 1388 cm−1. Besides, the C–N asymmet-
ric stretching modes are localized at 1129 cm−1 while C–N 
symmetric stretching mode was situated at 1232 cm−1. The 
scissoring modes of the three bands C–N–H, C–C–C and 
C–C–N are observed at 1003, 464 and 446 cm−1, respec-
tively [31, 36]. The out-of-plane bending of (C–C–H) 
and C–H occurred at 845 and 812 cm−1, respectively, as a 
medium peak [29]. Finally, the frequencies in the ranges of 

Fig. 4  Hydrogen bonds between Free chlorine and organic entities in 
the crystal structure of  (C6H7N2S)2[SbCl4]Cl in projection along the 
c-axis. (H-bonds are represented by dashed lines)

Fig. 5  The atomic arrangement of  (C6H7N2S)2[SbCl4]Cl in projection 
along the b-axis
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970–518 cm−1 and 764–416 cm−1 are attributed to the scis-
soring bending modes of C–C, C–N and C–NH2 [31, 33, 34].

3.3  Optical Study

The optical properties of 4 pyridiniumethioamide chloride 
tetrachloroantimonates (III) were evaluated by the UV–Vis 
absorption and photoluminescence studies at room tempera-
ture. The obtained spectra are shown in Fig. 7, indicating 
that the  (C6N2H7S)2[SbCl4]Cl exhibits two distinct absorp-
tion bands around 4.01 eV (310 nm) and 4.36 eV (285 nm) 
which are attributed to the metal charge transfer (LMCT) 
transition from the 3p orbital of Cl to 5p orbital of Sb(III) 
as described in previous outputs [35, 37–39]. On the other 
hand, the photoluminescence spectrum Fig. 7 shows a broad 
and strong emission band at 1.95 eV (635 nm), which can 
be even observed with the naked eye at room temperature 
and which is due to exciton emission [31, 36]. In the anti-
mony (III) chloride based hybrids, the lowest exciton state 
arises from excitations between the valence band, which 
consists of a mixture of Sb(5s) and Cl(3p) states. Besides, 
the conduction band derives primarily from Sb(5p) states, 
and is confined zero-dimensionally network in the  [SbCl4]−1 
tetrahedron, which suggests that the material behaves as 
semiconductor and is consistent with the yellow color of 
the cristal.

3.4  Molecular Hirshfeld Surfaces Analysis

The Hirshfeld surfaces has been conducted to explore the 
type of interactions (C–H···π, H···H, C···C etc.) as well as 
to study the various intermolecular interactions that play 
an important role in a molecular crystal. The molecular 

Fig. 6  Offset-face-to-face interactions motifs in the cation–cation 
chains in the plane (ab)

Table 3  Experimental frequencies  (cm−1) of the  (C5H7N2S)2[SbCl4]
Cl compound

s Strong, w weak, v very, b broad, m medium, υ stretching, β in plane 
bending, δ scissoring, ω wagging, t twisting, γ out of plane bending

Observed FT-IR  (cm−1) Attributions

3329 m υs(NH2)
3133 m υ(C–H)
2991 m υ(N–H···Cl)
2904 m υas(C–H)
2869 vw υs(C–H)
2787 m υ(C–H)
2685 vw υ(N–H···Cl)
1717 vw δas(NH2)
1684 m δas(NH2)
1635 m δ(N–H)
1580 bw δ(N–H)
1494 bw β(N–H)
1457 bw ʋ(C=C)
1408 bw υ(C=C)
1388 m ʋ(C=C)
1339 m υas(C–N)
1278 s t(NH2)
1232 s υs(C–N)
1204 m β(C–H)
1129 bw υ(C–N)
1087 bw υas(C–C–N)
1056 bw β(C–H)
1025 bw υs(C–C)
1003 m δ(C–N–H)
970 m δ(C–C)
845 s γ(C–C–H)
812 s γ(C–H)
764 s δ(C–N)
734 m γ(C–H)
729 vw γ(C–C–C)
650 vw δ(C–C)
692 vw t(NH2)
674 m t(NH2)
614 bw ω(NH2)
565 bw δ(C–C=C)
518 vw δ(C–C)
464 vw δ(C–C–C)
446 vw δ(C–C–N)
416 vw ω(N–H) + δ(C–NH2)
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Hirshfeld surface; 3D  dnorm, shape index and curvedness for 
 (C6N2H7S)2[SbCl4]Cl are illustrated in (Fig. 8), showing sur-
faces that have been mapped over  dnorm ranges from − 0.385 
to 1.114 Å, shape index ranges from − 0.997 to 0.998 Å, and 
curvedness ranges from − 4.183 to 0.378 Å, respectively. 
The  dnorm mapping indicates that strong hydrogen bond 
interactions, such as N–H···Cl hydrogen bonding between 
amino group and chloride appears as the main interaction 

between the complexes, seen as a bright red area in the Hir-
shfeld surfaces (Fig. 8a).

The superseding H···Cl interactions are viewed in Hirsh-
feld surfaces by the bright red area in Fig. 8a which appear 
as distinct spike in the 2D fingerprint plots (Fig. 9). Vis-
ible complementary regions are visible in the fingerprint 
plots where one molecule acts as a donor  (de > di) and the 
other as an acceptor  (de < di).The 2D fingerprint plots of the 
title compound (Fig. 9) point out the strong intermolecular 
contacts which are Cl–H, N–H, C–H and S–H. In fact, the 
H···Cl/Cl···H interactions are predominant in the title com-
pound with the major contributions 50.8% (Fig. 9). Moreo-
ver, the point in the  (de,  di) range of (1.58 Å, 0.95 Å) in 
the fingerprint plots are due to N–H···Cl interactions. The 
other visible spots were attributed to S···H/H···S contacts 
(16.5%), the proportion of H···H interactions present 9.2%, 
whereas, the relative contributions for C···H/H···C, C···C and 
N···H/H···N contacts are 5%, 2.6% and 2.1% respectively.

Figure 10 shows the percentages of contributions for all 
contacts in the title compound.

This constitutes evidence that Van-Der-Waals forces can 
enhance the stabilization of the packing. The shape index 
is highly sensitive to very subtle changes in surface shape. 
Indeed, the shape index (S) is 0D dimensionless surface 
property defined in terms of the two principal curvatures of 
the surface and can be used to distinguish complementary 
hollows(S = − 1.0; concave region; red colored) and bumps 
(S = + 1.0; convex region; blue colored) where two molec-
ular Hirshfeld surfaces come into contact [18].Generally, 
the red and blue adjacent strangles on a shape index map 
provide π–π interaction information [15, 18, 40]. However, 
in this compound the π–π interactions were absent as pre-
sented in Fig. 8b. Thus, the Hirshfeld surface confirms the 
absence of the π–π stacking interactions in organic cations. 
The curvedness is a measure of the shape of the surface area 
of the molecule. The flat areas of the surface as revealed in 
Fig. 8c correspond to low values of curvedness, while sharp 

Fig. 7  UV–Visible optical 
absorption (a) and Photolu-
minescence (b) spectrum of 
 (C6H7N2S)2[SbCl4]Cl

Fig. 8  Hirshfeld surfaces of 4 pyridinumethioamide dichloride 
tetrachloroantimonates(III): a 3D  dnorm surface, b surface index, c 
curvedness
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Fig. 9  Fingerprint plot (de vs. 
di) of  (C6H7N2S)2[SbCl4]Cl 
involving C···C interactions
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curvature areas correspond to high values of curvedness and 
usually tend to divide the surface into patches, indicating 
interactions between neighboring molecules. Moreover, the 
small range of area and light color on the surface indicate a 
weaker and longer contact other than hydrogen bonds. The 
large flat region which delineated by a blue outline refers to 
the π–π staking interactions. It is obvious that the curvedness 
of the complex reveals the absence of π–π stacking interac-
tions in this complex Fig. 8c [41, 42].

4  Conclusion

The zero-dimensional hybrid compound  (C6N2H7S)2[SbCl4]
Cl structure consists of discrete  [SbCl4]− anion and two iso-
lated chloride Cl anions. The atomic arrangement shows 
an alternations of organic and inorganic layers parallel to 
the [001] direction which are themselves linked via hydro-
gen bonds involving  Cl− anions (N–H···Cl) forming a self-
assembled zero-dimensional network. Fingerprint plots 
based on Hirshfeld surfaces analysis shows the various types 
of intermolecular interactions in this material.

In addition, the vibrational modes of this structure were 
studied by infrared spectroscopy, which were assigned by 
comparison with similar compounds.

5  Supplementary Materials

CCDC 1888302 include supplementary crystallographic 
data for this paper. This data can be obtained free of charge 
via http://www.ccdc.cam.ac.uk/conts /retri eving .html, or 
from the Cambridge Crystallographic Data Centre, 12 Union 
Rood, Cambridge CB2 1EZ, UK (Fax: (international): +44 
1223/336 033; e-mail: deposit@ccdc.cam.ac.uk).
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