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Abstract 
A new non-centrosymmetricorganotin (IV) hybrid compoundC5H14N2 [SnCl6] 2H2O was 

determined by single crystal X-ray diffraction at 150(2) K.  Its crystal structure was solved by 

single crystal X-ray diffraction reveling that compound crystallizes in the orthorhombic system 

with Pbca space group with the following lattice parameters: a = 12.1486 (15) Å, b= 15.4571 

(17) Å, c = 16.7610 (18) Å with Z = 8. The bonding between inorganic and organic entities in 

the compounds is realized by hydrogen bonding O−H…O ,O−H…Cl , NH • • • Cl, N-H…Cl 

and O−H…Cl. Finally,UV-visible absorption measurements exhibit two absorption bands (226 
nm and 262 nm).The optical band gap (Eg) is deduced to be 3.46 Ev. 

Keywords: Organic-inorganic hybrid; Chemical synthesis; X-ray diffraction; Optical 
absorption. 
 

1.Introduction : 

The chemistry of organo-metal halide materials has developed belongs to the large the attention 

family has increased; present of a differences types de structures. This structures are built up 

from isolatedMX6octahedra, sharing, corners, edges, or faces to form two dimensional slabs 

(2D), one dimensional chains (1D) or zero dimensional clusters (0D) separated by the organic 

cations. This characterization due to  a charge number of parameters and done their numerous 

applications such as solid state batteries, high ionic or mixed conductors, capacitors, including 

catalysis, biochemistry, magnetism and materials science [1-8].These organo-metal are the 

subject of various applied studies, thanks to their structural properties[9, 10] , luminescence, 

semi-conductivity, ferroelectric and nonlinear optical activities [9-12]. 
A novel group of these crystals, containing hetero aromatic cations have been recently 

synthesized and characterized [13,14]. Since aromatic heterocyclic cations are characterized by 

a significant electric dipole moment, some halogenobismuthates (III) and 

halogenostannates(IV) containing these cations form strongly polar structures. The presence of 

the polar properties in these materials is usually a result of the organic cations dynamics, which 
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play a key role in the induction of ferroelectricity. The results obtained from the literature for 

the ionic compounds group containing aromatic cations pave the way for the investigation of 

novel polar materials. 

This valuable features of hybrids, open promising new pathways for the use in a very broad 

application areas.Tin, an element of group IV of the periodic table, has two valences, giving 

rise either to the formation of stannous compounds (Sn2+) when it is bivalent, or to that of 

stannic compounds (Sn4+) when it is tetravalent.Tin can also form organotin derivatives, called 

organotins, which are characterized by the number of direct bonds between tin and carbon. The 

properties of these organotins open up a wide range of applications for them. Among numerous 

families of Organo-metal halides complexes, we focus on some hexachlorostannates, such as 

(C8H12N)2[SnCl6] [15], (C7H10N)2[SnCl6] [16], (C5H7N2)2[SnCl6] [17], (C10H10N2) [SnCl6] 

[18],(C7H12N2)2[SnCl6]Cl2·1.5H2O[19]. 

Moreover, piperazine and substituted piperazine nuclei had constituted an attractive 

pharmacological scaffold present invarious potent marketed drugs. In fact, hybrid materials are 

traditionally used in medicine, with the presence of piperazine introduces a very important 

synthetic strategy discovery indrug due to its easy modifiability, proper alkalinity and water 

solubility[20-24].  
In this context we undertake in our laboratory several systematic studies in search of 

competitive properties with less toxic metals. To the best of our knowledge, only few research 

studies have investigated the structure and properties of organic inorganic compounds based on 

SnCl. In this context we report in this article, the Study of a new organic inorganic material and 

the characterization of hybrid materials hexachlorostannatebased ; A new organotin (IV) 

cyclohexane octachlorotin C5H14N2 [SnCl6]2H2O. 

 
2. EXPERIMENTAL  

2.1. Synthesis of C5H14N2 [SnCl6]2H2O 

A 1-methylpiperazine solution (99%; SIGMA ALDRICH; 2 mmoles) was added to a tin(IV) 

chloride solution (SnCl2.2H2O) (98%; SIGMA ALDRICH; 4 mmoles) in concentrated 

hydrochloric acid (37%) in the presence of water (20 ml). Were dissolved in aqueous solution 

of HCl (2M; 37%) for a few minutes with agitation successive to ensure complete dissolution 

of the compound. Second, such solutions were slowly combined in an autoclave and kept at 95 

°C under auto-genous pressure for 20 h. After cooling these solutions for five days at room 
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temperature, colourless single crystals suitable for an X-ray structure determination were 

obtained. Schematically the reaction is shown in the following equation: 

(HCl diluted) 
  C5H12N2 + SnCl2; 2.H2O                                             C5H14N2 [SnCl6] 2H2O 
 

2.2 Measurements 

All reagents and solvents were obtained from commercial sources and used without further 

purification.   

2.3 Single-crystal X-ray diffraction The study of a single-crystal X-ray data collection was performed on plate single crystal with a dimensions (0.42 x 0.39 x 0.018 mm) selected through an optical examination crystal of    
C5H14N2 [SnCl6] 2H2O subjected to single X-ray diffraction using a D8 VENTURE Bruker 

AXS diffractometer equipped with a (CMOS) PHOTON 100 detector using Mo Kα radiation 

(λ= 0.71073 Å, multilayer monochromator). The data were collected at 150(2) K reveals that this material crystallizes in the Orthorhombic system with Pbca space group with the following lattice parameters: a = 12.1486 (15) Å, b= 15.4571 (17) Å, c = 16.7610 (18) Å with 

Z = 8. Single crystal diffraction experiments were performed and the crystal structure was explored and refined down to R1= 0.021 and wR2= 0.049. 
All calculations were made using the WINGX crystallographic suite of programs [25]. The 

crystal structure for this compound was determined by the direct method and refined using the 

SHELXL and SHELXS crystallographic software package, respectively [26,27]. The positions 

of nitrogen, oxygen and carbon atoms have been identified on the subsequent Fourier difference 

map. The basic crystallographic parameters and some details of the the measurements structural 

and refinement are summarized in Table 1. The molecular structure of the studied compound 

was drawn and presented using ORTEP-3 [28], DIAMOND [29], Mercury [30] and Gauss-view 

programs [31]. The fractional atomic coordinates and equivalent isotropic displacement 

parameters (Å2) are presented in Table 2;3. Crystallographic parameters for the structural analysis reported in this work are also deposited in Cambridge Crystallographic Data Centre and can be freely accessed atwww.ccdc.cam.ac.uk (CCDC no. 1969512). 

2.4 .Optical measurement 
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UV-Vis spectrum was recorded on an Ellice SLe164 Double BEAM UV-Vis spectrophotometer 

in the range 200-800 nm using methanol as solvent. 

3. Results and discussion  

3.1. Structure properties description  

Fig.1illustrates the asymmetric unit of the structure drawn with 50 % probability thermal 

ellipsoids. The structural property of the compound studied by using the X-ray diffraction 

(XRD) recorded at room temperature. The X-ray diffraction of the C5H14N2 [SnCl6]2H2O 

compound have been indexed, the atomic arrangement in the Orthorhombic system with Pbca 

space group. The packing of C5H14N2.[SnCl6].2H2O viewed along (bc) plan created with 

DIAMOND; with mutually surrounded organic groups [C5H12N2]2+/ two water molecule and 

inorganic groups formed by octahedral isolated [SnCl6]2-.The water molecules interact between 

the cation entities with hydrogen bonds; play important roles in stabilizing the crystal structure. 

Organic and inorganic sheets are linked together through extensive intermolecular interactions. 

In the layer, nitrogen atoms of each cations are oriented oward bases of two SnCl6 octahedral. 

Therefore, organic and inorganic groups connection by via H-bonds . 

A projection along the baxis of the structure present aoctahedral layers isolated, [SnCl6]2-, 

sandwiched between two layers of piperazinecations [C5H14N2]2+ (Fig.1.b) and two H2O 

entities. Indeed, the organic layer, observed z/c= 0, is formed by the organic 

cations[C5H14N2]2+and arranged parallel plane in the direction b (Fig.2).  

Each inorganic chain is derived from isolated hexachloridestannate octahedrons and water 

molecules. Notice that, in the new structure, every plane defined by SnCl6 octahedrons and H2O 

molecules is approximately parallel to that for each nearest neighbor. Pairs of water molecule, 

form hydrogen bonds above and below one chloride ions (Cl) at the edges of the SnCl6 

octahedrons by means of one O—H…..Cl contacts stabilizing the layer structure. Chains 

formed by the interactions of [SnCl6]2-anions and H2O molecules with O—H…..Cl hydrogen 

bonds in the (a,b) plane and view of organic layers showing the alternance of infinite stacked 

organic chains along the a-axis are given in Fig 2-a. 

Each organic chain observed, is formed by the cations [C5H14N2]2+ interaction is interconnected 

via a  one piperazin ion have a parallel chain structure were the C–C and C–N bond length 

values are 1.509(3)-1.519(3)Ǻ and 1.496(3)-1.505(3)Ǻ, respectively. The C-C-C, C-N-C and 

C-C-N angles are in the range between 109.47(16)° at 111.32(4)° (Table 4). The Bond length 

and angles values are in good agreement with bond lengths of other piperazin salts [32-34]. 
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The examination of the structure shows the existence of two chains are separated by octahedral 

layer, [SnCl6]2-. In [SnCl6]2- anion and in the described compound , the SnIV atom is six-fold 

coordinated by six chlorine atoms forming a slightly distorted octahedral coordination geometry 

arrangement. Selected bond distances and angles are listed in Table 3. The equatorial angles 

values XE-Sn- XE deviate moderately from 90°.The bond Sn−Cl distances and the Cl-Sn-Cl 

angles are in the range 2.404(2)-2.448(5) Å and 89.193(19)- 178.892(19)°, respectively, 

(Fig.1.c).. These values are in good agreement with those found for other hexachlorostannates 

(IV) [35,36]. 
These values are in agreement with those observed in similar compounds [37-40].The bond 

angles within the anionic entity are for the most part consistent and agree well with earlier other 

studies containing isolated octahedral [SnCl6]2- anion and show a slight distortion from the ideal 

values of 90° and 180°. The average values of the Baur distortion indices of [SnCl6]2- entities 

are calculated using the following equations (1) and (2) [41]: where d: (Sn-Cl) distance, a :(Cl-

Sn-Cl) angle , m : average value , n1 and n2 are equal to 6 and 12 respectively.  𝑰𝑫(𝑺𝒏 − 𝑪𝑰) =  ∑ |𝒅𝒊 𝒅𝒎|𝒏𝟏𝒅𝒎𝒏𝟏 𝟒𝒊 𝟏    (1) 𝑰𝑫(𝑪𝑰 − 𝑺𝒏 − 𝑪𝑰) =  ∑ |𝒂𝒊 𝒂𝒎|𝒏𝟐𝒅𝒎𝒏𝟐 𝟔𝒊 𝟏 (2) 

While, the distance and angles distortion indices for octahedral[SnCl6]2- are ID(Sn-Cl)= 

0.021(7) and ID(II)=0.007, and ID(Cl-Sn-Cl)= 0.112(5), respectively.These Baur's distortion 

values indicate that the [SnCl6]2- octahedral;of the Sn metal is less distorted. This slight 

distortion is correlated to deformations resulting from hydrogen bonding interactions (Table 

3).This distortion can be explained by the stereochemical inactivity of the 5s2 lone pair of Sn 

(IV) and also by the fact of interaction of [SnCl6]2- octahedron with neighbors molecules by the 

means of different hydrogen bonds. A more complete listing of bond distances and angles is 

given in Table 4. 

The hydrogen bonding interactions do not only affect the geometry of the [SnCl6]2-octahedra, 

they are also the main force guiding the overall molecular arrangement of the ions in the crystal 

lattice. So the examination of the structure has shown that the main feature of the atomic 

arrangement in this compound is the existence of infinite parallel layers composed of anionic 

and cationic groups, spared by distance d= 1.870 A° and linked together by O−H…O and 

O−H…Cl hydrogen bonds (Fig.3). In fact, the inorganic groups and the organic cations are held 

together by by hydrogen bonds of NH • • • Cl. 

Fig.3 shows that in each layer, the anionic entities [SnCl6]2- are interconnected via O−H…Cl 

hydrogen bonds generated by the water molecules to build infinity chains developed along the 

b-axis direction .Moreover, the 1-methylpiperzine is inserted between these chains via the 



6 
 

above mentioned additional N−H…O hydrogen bonds that give rise to this layer(Table 5). The 

hydrogen bonding interactions between these layers give rise to a three-dimensional network 

and add stability to the structure.Fig.4 presents the π…π interaction follow a parallel-displaced 

configuration of cation aromatic ring. 

 

3.2.Optical properties  

The optical absorption spectrum of C5H14N2 [SnCl6] 2H2O title compound measured at room 

temperature shown in Fig. 4 exhibits two distinct absorption bands centered at 226 nm and 262 

nm . This is very similar to results found in other previous studies in the literature containing 

organic-inorganic compound films [42-45].  

The lower energy absorption peak at 262 nm is due to band gap absorption and it is assigned to 

the excitation of free electron–hole pairs within the [SnCl6]2- inorganic part. Under excitation, 

an electron is excited from the valence band to the conduction band, leaving a hole in the 

valence band. The electron transition back to the ground state that is the recombination of the 

electron and hole yields an emission, which suggests that the material behaves as semiconductor 

and is consistent with the dark red of the crystal [46-48].  

The peak which occurred at 226 nm can be attributed to the absorption of the highest energetic 

level in the conduction band. The optical band gap (Eg) for 4-(ammonium methyl) pipyridinium 

hexachlorostanate (II) trihydrate can be determined by extrapolation from the absorption edge 

which is given by the following equation [49].  

 (αhν) n =A (hν-Eg) (3) Where α is the absorption coefficient, A is constant, hν is the energy of 

light and n is a constant depending on the nature of the electron transition which takes different 

values depending on the mechanism of interband transitions n= 2 and 1/2 [50-51].  

The best fit is obtained for n=1/2. 

Indeed, the optical band gap was determined from the intersections of the extensions of the 

linear parts of the curves (αhν) 1/2 with the energy axis. Therefore, the transition is indirect 

and the value of the optical band gap is judged 3, 46 eV (Fig. 5).   

 

Conclusion 
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In brief, this manuscript reports a novel organic-inorganic hybrid material with the formula 

C5H14N2 [SnCl6] 2H2O. This compound belongs to the Orthorhombic system with Pbca space 

group.  Their structure contains a [C5H12N2]2+/ two water molecule and inorganic groups formed 

by octahedral isolated [SnCl6]2-.The synthesis and structural elucidation have been clearly 

described, the structure is stabilized by a combination of intermolecular O−H…O ,O−H…Cl , 

NH • • • Cl, N-H…Cl and O−H…Cl hydrogen bonds. The optical properties were investigated 

by absorption measurement and show two absorption bands at 226 nm and 262 nm which can 

be corresponded to the π–π*. 
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Figures

Figure 1

(a-b) :Ortep representation of the structure C5H14N2.[SnCl6].2H2O with 1 with thermal ellipsoids at the
50% probability level.



Figure 2

(a-b) :Projection of the crystal packing of the title compound with b direction



Figure 3

Projection of the hydrogen bonds in crystal with isolated [SnCl6] 2- octahedral.



Figure 4

interaction motifs (π…π interaction) in cation groups.



Figure 5

Absorption curves. energy gap optical properties.
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