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Abstract 

In this study, a new organic-inorganic hybrid metal compound 

(C5H14N2)2[SnCl6]2.5H2O was crystallized at room temperature in the orthorhombic system 

(space group P21 21 21) where the structure is determined by single crystal X-ray diffraction 

analysis. The examination of the structure shows the cohesion and stability of the atomic 

arrangement result from the establishment of N—H···Cl, O(W)—H(W)···Cl, N—H···O(W) 

and O(W)—H(W)···O(W) hydrogen bonds between 1-methylpiperazine-1,4-diium 

(C5H14N2)
2+

cations, isolated (SnCl6)
2–

 anions and water molecules to form organic and 

inorganic layers parallel to the (a, c) plane and alternate along the b-axis. Hirshfeld surface 

analysis was used to investigate intermolecular interactions, as well 2D fingerprint plots were 

conducted to reveal the contribution of these interactions in the crystal structure 

quantitatively. The solid phase FTIR and FT-Raman spectra of this compound have been 

recorded in the regions 400–4000 and 100–500 cm
−1

, respectively. The vibrational 

frequencies were also predicted from the calculated intensities by DFT method and were 

compared with the experimental frequencies, which yield good agreement between observed 

and calculated frequencies. Besides, the optical proprieties were investigated by UV-visible 

and photoluminescence spectroscopy studies in the region 200–700 nm and the electronic 

properties HOMO and LUMO energies were measured by TD-DFT approach. Moreover, this 
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compound was characterized by thermal analysis between 300 and 500 K which revealing two 

phase transitions. Finally, X-ray photoelectron spectroscopy (XPS) analysis is reported to 

determine the degree of oxidation of tin in this compound and analyzing the surface chemistry 

of (C5H14N2)2[SnCl6]2.5H2O. 

Keywords: Organic-inorganic hybrid; X-ray diffraction; spectroscopy; Hirshfeld surface, 

XPS; Thermal decomposition. 

1. Introduction 

In recent years, the attention in organic–inorganic compounds has increased. In 

general, the combination of two extremely different components provides a way to design 

new hybrid materials as well as additional properties can be introduced, which the individual 

inorganic or organic components do not have, such as electronic [1,2], optical [3,4] magnetic 

[5,6] and ferroelectric properties [7,8] etc... This valuable features of hybrids, open promising 

new pathways for the use in a very broad application areas like catalysis, non-linear optical 

response (NLO), development of new pharmaceutical drugs etc…[9-11]. Recently hybrid 

compounds based on piperazines are generally considered is a broad class of chemical 

compounds with many important pharmacological properties. Moreover, piperazine and 

substituted piperazine nuclei had constituted an attractive pharmacological scaffold present in 

various potent marketed drugs. In fact, hybrid materials are traditionally used in medicine, 

with the presence of piperazine introduces a very important synthetic strategy discovery in 

drug due to its easy modifiability, proper alkalinity and water solubility. In fact, experimental 

studies on numerous halogenometalates with elements of groups 14 and 15 based on various 

piperazine cations have exhibit interesting and useful properties [12-16]. In that context, this 

paper is a continuation of our interest on the characterization of hybrid materials 

hexachlorostannate based. We have succeeded in synthesizing a new acentric compound of 

hexachlorostannate based on 1-methylpiperazine-1,4-diium cation and have concentrated to 

the studies of single-crystal X-ray diffraction, thermal and vibrational properties as well as 

DFT calculations of new organic-inorganic compound(C5H14N2)2[SnCl6]2.5H2O. 

2. Results and discussion 

3.1. Description of the structure 

In the present study, we reported a new hybrid compound, (C5H14N2)2[SnCl6]2.5H2O, 

based on tin and piperazine molecule, and we examined the hydrogen bonding in the crystal 



structure. The title organic hexachlorostannate material crystallizes in acentric setting in the 

chiral orthorhombic space group P212121. Refining the structure in this acentric space group 

gives a value of 0.013(16) for the Flack parameter. This value shows that the atomic 

arrangement corresponds to the correct absolute structure. The crystallographic analysis 

reveals that the crystal structure consists of two hexachlorostannate di-anions, forming a 

quasi-regular octahedral arrangement, five water molecules in general position and two 

cristallographicaly independents 1-methylpiperzine-1,4-diium dications, such as two imino 

groups of the two piperazine ring are protoned at N1, N2, N3 and N4. The molecular 

geometry and the atom-numbering scheme of this compound are shown in Fig. 1. The organic 

molecule exhibited a regular spatial configuration with normal C−C and C−N distances and 

C−C−N and C−N−C angles. Indeed, the C−C bond lengths vary from 1.493(9) to 1.524(9) Å. 

The mean value of the C−N length is 1.5259 Å and the C−C−C, C−C−N and C−N−C angles 

range between 104.5(6) and 119.9(6)º (Table.2). These values are comparable to the 

corresponding ones previously reported for similar piperazine complexes [31, 32]. 

In [SnCl6]
2-

 anion, the central tin(IV) ion is coordinated by six chlorine atoms to form 

a slightly distorted octahedral coordination geometry. Selected bond distances and angles are 

listed in Table 2. The Sn–Cl distances range from 2.670(3) to 2.733(3) Å. The bond angles 

show a slight deviation from the ideal value of 90° and 180°. The equatorial angle vary from 

84.87(10)-96.76(10)°, while the axial angle are in the range of 175.9(1)-179.2(2)°. These 

values are in good agreement with those found for other hexachlorostannates (IV) [33,34]. 

This slight distortion is correlated to deformations resulting from hydrogen bonding 

interactions (Table 3). 

The hydrogen bonding interactions do not only affect the geometry of the two 

[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 layers 

composed of anionic and cationic groups parallel to (a,c) plane at y= n/2, spared by distance d 

= 5.8735A° equal to b/2 and linked together by O−H…O and O−H…Cl hydrogen bonds (Fig. 

2). 

Fig S. 1 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 c-axis direction (Fig. S.1). Moreover, the 1-methylpiperzine-1,4-diium 



di-cations are inserted between these chains via the above mentioned additional N−H…O 

hydrogen bonds that give rise to this layer ( Table 3). The hydrogen bonding interactions and 

the Van der Waals interactions between these layers give rise to a three-dimensional network 

and add stability to the structure. 

In addition the projection along the c-axis of the structure of the title compound shows 

that, the 3D-inorganic structure provides 1D channels that propagate along the 

crystallographic c-axis (Fig. 3a). These channels with pore diameter size of ~16 A°, constitute 

a potential cation-accessible area of the crystal (Fig. 3b). These organic 1-methylpiperazine-

1,4-diium (C5H14N2)
2+

 fit into these channels and interact with means the inorganic 

framework both electrostatic interactions and via hydrogen bonds. 

Hirshfeld Surface 

The analysis of intermolecular interactions using tools based on the Hirshfeld surface 

represent a method allowing chemists to know the behavior of intermolecular interactions in 

the crystal. The Hirshfeld surface of the title compound was generated using Crystal Explorer 

3.1 [21]. In this compound, Intermolecular contacts were analyzed around the asymmetric 

unit. Fig. 4 shows the different intermolecular interactions around the organic and inorganic 

groups computed by Hirshfeld surfaces dnorm mapping. Fig. 4a represent the major contributor 

contacts on the Hirshfeld surface. It shows that the hydrogen bonds Ow-H…Cl, Ow-H…Ow, 

and N-H…Ow are represented by red spots, whereas the H…H and Cl…Cl contacts are 

located in the blue and white areas respectively. It is obvious that the red regions rich in 

hydrogen bonds on the dnorm surface are in good agreement with the results observed by X-ray 

diffraction. 

The 2D fingerprint plots can be deconstructed to highlight particular atom pair 

contacts for separate the contributions from different interaction types that overlap in the full 

fingerprint (Fig. 4b) [35-39]. On the other hand, this analysis can be done by quantitative 

calculation of 2D fingerprint plots through the Crystal Explorer program [21]. The fingerprint 

plot of the intermolecular contacts for the title compound is shown in Fig. 5.  

Overall, H…Cl contacts are the most favorable (63.3%) in crystal packaging. As 

previously indicated in Table. 3, there are ten hydrogen bonds in our crystal structure of the 

same type Ow-H...Cl. However, only the HW…Cl contacts appear in this compound whereas 

those of H(C)…Cl and H(N)…Cl contacts are absent, because the atom Hw is much more 



electropositive than H(C)) and H(N) atoms, so is strongly attracted by the electronegative 

chlorine atoms. Two sharp symmetric spikes in the two-dimensional fingerprint maps, with a 

maximum de+ di ~ 2.35Å, represent these contacts. This value is less than the sum of Van der 

Waals radii of chlorine (1.75 Å) and hydrogen (1.20 Å) atoms confirming that the inter-

contact is considered as being close contact. The H…H contacts represented of narrow and 

symmetrical points with (de + di ~ 2.0 Å). Furthermore they cover 23.2% of the total surface 

of Hirshfeld and represented the second most frequent interactions due to the abundance of 

hydrogen atoms on the molecular surface. Similarly, the O…H / H…O  intermolecular 

interactions appear as two very long spikes in the 2D fingerprint plots  where de+di ~ 1.8 Å 

.They constitute the third most occurrent contacts (8.4% ), in agreement with the presence of 

eight hydrogen bonds of types D-H…Ow in this  structure. The Cl…Cl contacts (3.8%) 

appear in the middle of the 2D fingerprint maps with an acute single peak at de + di ~ 3.8 Å, 

this value is due from a long interatomic contact. The percentages of contributions for 

different contacts in the crystal structure of the title material are gathered in Fig S.2. This 

quantitative analysis shows that the intermolecular contacts H…Cl are most abundant 

contacts, they constitute the driving force in this crystal packing. 

Finally, the Hirshfeld surfaces certainly allow a detailed quantitative and qualitative 

scrutiny by displaying all the intermolecular interactions and specify its placement within the 

crystal and this methodology has very important promise in crystal engineering. 

2.2. Infrared Spectroscopy 

To gain more informations on the crystal structure, we have undertaken a vibrational 

study using infrared absorption. The infrared spectrum of (C5H14N2)2[SnCl6]2.5H2O measured 

between 400 and 4000 cm
−1

 is shown in Fig. 6. To assign the IR bands to vibrational modes, 

we examined the modes and frequencies observed in similar compounds [40-42]. Infrared 

spectroscopy was used to verify the functional groups present in the crystal. In the high-

frequency region, spreading from 3600 to 2100 cm
-1

, correspond to the stretching vibrations 

of the OH, NH, NH2, CH2 and CH3 groups interconnected by a system of hydrogen bonds in 

the crystal. In addition, the strong and broad signal centered at around 3533 cm
−1

, assignable 

for the OH stretching vibration, indicates the presence of water in the title compound. Weak 

hydrogen bonds are manifested in the vibrational spectrum such as N-H..Cl, C-H…Cl and N-

H…O as perturbed NH
+
 and NH2

+
 groups vibrations of the deprotonated piperazinium cations 

and O-H groups of water molecules. Moreover, the intense IR band located at 1616 cm
-1

, 



correspond to the deformation modes δ(NH) and δ(OH). The deformation modes of the 

groups –CH2 and -CH3 and the stretching mode of the bond C-N are assigned to bands located 

between 1500 and 1300 cm
1
. The bands with frequency at 1111, 1085, 1007 and 928 cm

-1
 are 

ascribed for the δ(C-N), ν(C-C), δ(C-H) and δ(N-H) respectively. Finally, infrared bonds 

observed in the 600-764 cm
-1

range are due to the CCN and CNC deformation vibration 

angles. 

DFT calculations showed that the inorganic entities lead to vibrations below 500 cm
-1

 

which are not observed experimentally under our conditions. After optimization of the 

positions of the protons, we therefore only focused on the vibrations of the equatorial and 

axial conformer organic cations. These spectra are based on the conformations optimized at 

the B3lYP/CC-pVTZ level of theory. As we can see in Fig. 6, the simulated spectra do not 

match very well with the observed spectrum of our hydrated complex that contains hydrogen 

bonds of types O–H∙∙∙N and O–H∙∙∙O. However, the large bands observed high-frequency 

region spreading from 3600 to 3000 cm
-1

 must therefore result from correspond to the 

stretching vibrations of the OH, NH and NH2 groups interconnected by a system of hydrogen 

bonds. It is worth noting that no band related to free O–H stretching and deformation modes 

δ(OH) is seen in the simulated spectra. Then, the signals corresponding to O–H∙∙∙N and O–

H∙∙∙O hydrogen bonds stretching only are observed in experimental spectrum and the absence 

of this characteristic is accompanied by the absence of overlap and spread signals attributed to 

the stretching vibrations of the NH groups. 

2.3. Raman spectroscopy of (C5H14N2)2[SnCl6]2.5H2O: 

The Raman spectrum of the title compound recorded at low frequencies between 100 

and 500 cm
−1

 is shown in Fig. 7. Based essentially on comparison with the literature for 

numerous hexachloridostannate (IV) compounds [43,44], it is found that all bands originating 

from vibrations of SnCl6)
2-

 anions are observed below 350 cm
-1

. Moreover, the isolated 

(SnCl6)
2-

anion possesses ideally Oh symmetry, then, will have six fundamental vibrations. 

Thus The internal vibrational modes of the free (SnCl6)
2-

 anion in Ohsymmetry are classified 

as:    1A1g (Ra) +1Eg (Ra) +1F2g (Ra) +2F1u (IR)+1F2u (IR). 

Betwen these modes, only the F1u(ν3, 303 cm
-1

) and F2u (ν4, 166 cm
-1

) are infrared 

active while the modes A1g(ν1,311 cm
-1

), Eg(ν2, 229 cm
-1

) and F2g (ν5, 158 cm
-1

) are Raman 

observable. Thus, the strong band observed in Raman spectrum at 307 cm
-1

 is assigned to the 

(Sn–Cl) asymmetric stretching (ν1(Sn–Cl)), while the symmetric stretching (ν2(Sn–Cl)) 



vibration appears as a shoulder band at 223 cm
-1

. The bending vibration in the plan ν5(Cl-Sn-

Cl) is located in Raman at 158 cm
-1

, in fact it is relatively confused at its fundamental value.  

In order to attribute the Raman bands, the spectrum was calculated by the same 

method than the IR wavenumbers interesting only in the internal modes of inorganic anions. 

There is a very good agreement between the experimental and the theoretical values 

calculated of the position of the bands, allowing unambiguously the attribution of the different 

Raman signals (Fig. 7). 

2.4 Optical properties 

UV absorption properties 

The UV and visible spectroscopy is used to detect the presence of chromophores in the 

molecule. The theoretical and experimental UV-Vis absorption spectra of this eccentric 

compound are shown in Fig. 8. Taking into account that the title compound exhibits only 

strong absorption centered at 290 nm (4.28 eV) a wide literature review was conducted of 

similar materials to explain the origin of this band. Thereby, we can assign this absorption to 

the exciton emission of inorganic layers of [SnCl6]
2-

or to ligand to metal charge transfer 

transition (LMCT) which is very similar to those found in other previous studies of hybrid 

compounds [45-47 ]. 

The pace of this spectrum is observed too much in the theoretical TD/B3LYPUV-Vis 

absorption spectrum. Indeed, in the UV region of the theoretical UV-Vis absorption spectrum, 

only maximum absorption at 273 nm is observed with a shift of 17 nm compared to the single 

band observed on the experimental spectrum. Thus, the precision is well-sufficient to assign 

the experimental absorption and to confirm the attribution proposed above. 

Photoluminescence 

 The photoluminescence spectrum given in Fig. 9, shows one band of luminescence 

located at 600 nm when excited at 222 nm. The excitation by charge transfer from the metal 

centers to the ligands is commonly observed in d
10

. However, MOFs with transition-metal 

ions without unpaired electrons, especially those having d
10

 configurations like that the tin 

(IV) ion, can yield linker-based highly emissive materials. Under excitation of these materials 

an electron is excited from the valence band (VB) to the conduction band (CB), leaving a hole 

in the VB. In this tin chloride based hybrid, depending on the tin’s electronic configuration 



and linker orbital energies, the lowest exciton state arises from excitation between the VB and 

the CB bands [45]. We can conclude that the luminescence originates from electronic 

transition within the inorganic part [SnCl6] in this compound. 

Quantum mechanical study (HOMO-LUMO) 

The band gap energy is a critical parameter in determining the kinetic stability of the 

molecule. In our compound, the HOMO and LUMO orbitals were determined for the 

cations/anions system corresponding to the ions in the asymmetric unit. The highest occupied 

molecular orbital (HOMO) and the lowest occupied molecular orbital (LUMO) of the 

molecule are displayed in Fig. 10.Thus as shows this graph, the highest occupied orbitals are 

localized on the around the mineral anion of the crystal, while the components of the lowest 

unoccupied orbitals mainly located over the crystallization water molecule and over imino 

groups of the piperazine ring [41]. The gap between the LUMO and the HOMO is 4.7 eV, a 

value which is relatively large, implies a high kinetic stability and a low chemical reactivity, 

because it is energetically unfavorable to add electron to a LUMO high and extract the 

electrons from the low-HOMO [47]. 

2.5. Thermal analysis 

The results of the DSC, DTA and TGA measurements carried out to characterize the 

thermal stability of the complex (C5H14N2)2[SnCl6]2.5H2O are given in Fig. 11 and Fig. 12. 

An overview of the results unambiguously illustrates the existence of only one mass loss in 

the TG curve of this compound, while the DTA thermogram reveals the presence of three 

endothermic peaks located at 350, 452 and 482 K, as well as the DSC thermogram reveals 

three endothermic peaks at Ta = 332 K, Tb = 446 K and Tc = 491 K in heating and only one 

exothermic peak at Td=491 K in cooling. This compound seems to be stable up to 300 K. 

From there, the TG thermogram clearly shows that in the temperature range of 332-363 K a 

weight loss is observed. Besides, our compound decomposes in a single weight loss in the 

temperature range of 300-500 K which is is assigned to loss of the water molecules: ca. 10% 

correspond to five moles of water per mole of the compound. The dehydration phenomenon is 

well confirmed by the presence of the two endothermic anomalies at T1= 350 K and Ta= 332 

K respectively in the TDA and DSC thermograms. Afterward the obtained anhydrous phase 

undergoes other phenomena represented by two additional endothermic peaks shown in the 

DSC and the DTA thermograms. The endothermic peak located at T2=452 K in DTA 

thermogram and the endothermic anomaly locatedat Tb= 446 K in DSC thermogram may be 



confirms phase transition phenomenon. The phase transition enthalpy calculated from the 

endothermic peak area(b) is ∆Hb= 11.1027 J.g
-1

. Moreover, the second endothermic peak 

observed in DTA thermogram at T3= 482 K can be assigned to a second phase transition of 

this anhydrous phase. Indeed, in the heating/cooling cycle of this compound, endothermic and 

exothermic reversible anomalies appear at 478 and 491K, respectively, which confirms the 

occurrence of a reversible phase transition. The sharp-shaped of the observed exothermic 

anomalie and the large value of heat hysteresis ∼13 K indicates a typical first-order reversible 

phase transition. The phase transition enthalpy accompanies this endothermic phenomenon is 

ΔHc= 5.112 J.g
-1

. 

2.6. XPS analysis 

 X-ray photoelectron spectroscopy (XPS) allowed to identify the chemical nature of the 

species present on the surface of this (C5H14N2)2[SnCl6]2.5H2O, more particularly important in 

determining the oxidation state of the tin. This compound was dried under vacuum and tested 

by XPS. By sweeping the energy of the analyzer from 0 to 1000 eV in binding energy, the 

spectrum of XPS survey scans is obtained and shows in Fig. 13. At each recorded peak 

corresponds a binding energy which is specific to an oxidized species. The main peaks of the 

elements present on the surface of (C5H14N2)2 [SnCl6] 2.5H2O compound films are decoupled 

at creasing order energy as follows: Cl2p, C1s, N1s, Sn3d and O1s centered respectively at 

197.55 eV, 285.8 eV, 402.1 eV, 486.33 eV and 532.46 eV. The X-ray photoelectron 

spectroscopy measurements were carried out in the energy region of Sn3d5/2 and Sn3d3/2 

respectively. Fig. 14 show that the Sn3d5/2 region exhibited a single feature at a binding 

energy of 486.3 eV, confirming that the sample was composed of only Sn(IV) states [48-50]. 

Quantitative analysis of the spectrum over flight provided information about the binding 

energy and the atomic percentage of the different elements detected. (Table. 4.). 

3. Experimental details 

3.1. Synthesis of the (C5H14N2)2 [SnCl6]2.5H2O compound 

The single crystal of (C5H14N2)2[SnCl6]2.5H2O was first prepared by an acid-base 

reaction between hydrochloric acid (10 mL, 1M), SnCl2 (10
-3

mol) and 1-methylpiperazine in 

the presence of ethanol (10 mL) in a stoichiometric ratio 1:1.   

The elemental analysis method was applied to determine the proposed formula of the 

the obtained crystals : 



N, 5.92%/5.85% (exp/theor); C, 12.59%/12.53%; H, 4.01%/3.96%. 

The chemical reaction scheme is: 

 2 C5H12N2 + 2 SnCl2 +8HCl + H2O → (C5H14N2)2[SnCl6]2.5H2O 

 

3.2 Characterization 

The characterization of the prepared compound was performed using X-ray 

monocristal diffraction, X-ray powder diffraction, Hirshfeld Surface Analysis, IR and Raman 

spectroscopy, UV–Vis spectrophotometry, photoluminescence analysis and differential 

Scanning Calorimetry measurements. 

3.2.1 X-ray diffraction studies 

A suitable colorless crystal of the title compound was chosen for the structure 

determination and refinement. Indeed, single crystals were carefully selected under a 

microscope and mounted on a Mitegen micromesh mount with the help of a trace of mineral 

oil. The crystal structure was determined from the single-crystal X-ray diffraction data 

collected at room temperature using Oxford Diffraction Xcalibur GeminiS diffractometer 

equipped with MoKα radiation (0.71073 Å).The positional parameters for the heavy atoms 

were obtained from a three-dimensional Patterson map, while the non-hydrogen atoms were 

found from successive difference Fourier Maps. Then, the structure was refined by full-

matrix, all non hydrogen atoms were refined anisotropically. Well as all the hydrogen atoms 

positions were placed geometrically and refined isotropically. The structure analyses were 

carried out with the orthorhombic symmetry, space group P212121, according to the automated 

search for space group available in WinGX [17]. The Tin atom was located using the 

Patterson methods with program SHELXS-97[18]. The oxygen atoms and the organic 

moieties were found from successive Fourier calculations using SHELXL-97. Crystal data are 

reported in Table 1. Drawings were made with Mercury [19] for Fig. 1 and Diamond [20] for 

figs. 2 and 3. 

The visualization and exploration of the intermolecular close contacts of the structure 

was achieved by calculating the Hirshfeld surface with the Crystal Explorer software [21]. All 

the bond lengths to hydrogen were automatically modeled to typical standard neutron values 

(C-H = 1.083 Å and N-H = 1.009 Å). In this study, the molecular Hirshfeld surfaces were 



generated using a standard (high) surface resolution with the 3D dnorm surfaces mapped over 

a fixed color scale from 0.42 Å (red) to 1.6 Å (blue). The 2-D finger print plots were displayed 

by using the standard range 0.6–2.8 Å. 

Quantum chemical calculation was performed with gaussian09w software [22] from 

the crystal data using the B3lYPfunctional [23] and LANL2DZdp basis set in Sn atom with 

LANL2DZdp ECP [24-28] and the cc-PVTZ [29] basis sets in other atoms. The D3 version of 

Grimme’s dispersion correction [30] was added to predict weak interactions between 

molecules. 

3.2.2. IR, Raman, UV and XPS measurements 

Fourier Transform Infrared (FTIR) spectra of powder samples were obtained using a 

1000 Perkin-Elmer FTIR spectrometer from potassium bromide (KBr) pellets. The IR spectra 

were recorded in the 4000-400 cm
-1

 range and the Raman spectrum was recorded between 

500 and 100 cm
-1

 at room temperature with a LABRAMHR 800 triple monochromatic 

instrument using a 514.5 nm line spectra physics argon ion laser on the other hand the UV 

absorption and optical diffuse reflectance spectra were measured at room temperature with a 

Perkin Elmer Lambda 11UV/ Vis spectrophotometer in the 200-700 nm range and the Solid 

photoluminescence spectra were recorded using a time-resolved Edimbugh Instruments 

FLSP920 spectrofluorimeter with a Red-PMT detector and a Xenon bulb as an excitation 

source Finally the measurements XPS data were carried out using an XPS-ESCALAB 250 

apparatus of VG with a double anode Al. Only the Al Kα radiation with energy of 1253.6 eV 

was used since it allows a better resolution some pics. The pass energy was set to 200 and 50 

eV respectively for the survey and the narrow regions. Electron and argon flood guns were 

used to compensate for the static charge build up of the powders. The composition was 

determined using the manufacturer sensitivity factors. 

3.2.3 Thermal analysis 

The thermogravimetric and differential thermal analyses were coupled using TGA 

Q500 TA instrument, by putting the powder sample (about 28.5426 mg for a scanning rate of 

5 K min 
-1

) in aluminum capsule. The powder sample (28.5426 mg) was studied in the 

temperature range from 300 to 600 K under inert atmosphere (nitrogen gas). The differential 

scanning calorimetric (DSC) measurements were made on a SETARAM DSC131 ks 



instrument. A powder sample was heated from 300 K to 525 K with a ramp rate of 5 c·min
-1

 

under dynamic argon atmosphere. 

Conclusion 

Attempts have been made in the present work for the preparation and the 

physicochemical characterization of a new (C5H14N2)2[SnCl6]2.5H2O compound. Single 

crystal X-ray diffraction, FTIR, FT-Raman spectra, optical study, thermal analyses and X-ray 

photoelectron spectroscopy. Single crystal X-ray diffraction showed that the title compound 

composed of alternating inorganic and organic layers. The crystal structure was stabilized by 

intermolecular H-bonding. The Hirschfeld surfaces certainly allow a much more detailed 

scrutiny by displaying all the intermolecular interactions within the crystal and this 

methodology has very important promise in crystal engineering such as the fingerprint plot 

than provides the information about the percentage contribution and revealed that the H···Cl 

(63.3%) and H···H (23.2%) interactions constitute the driving force in the crystal packing. 

We have also calculated the vibrational frequencies of this compound by using B3LYP 

method. The fundamental vibrations obtained by the both theoretical and experimental 

methods in FT-IR and FT-Raman spectra are in good agreement. Moreover, the studies of 

optical and photoluminescence activities prove that this compound exhibits high stability and 

reveals the free character of the inorganic exciton. The calculations show that using TD-DFT 

approach, experimental absorption spectrum has been well reproduced. The (TGA/DTA/DSC) 

thermal analyses were performed to establish the thermal stability of the crystal. This thermal 

study shows two transitions phases. Future research projects will investigate other hybrid 

materials. 

 

Supplementary data 

Supplementary crystallographic data for this article in CIF format are available at the 

Electronic Supplementary Publication from Cambridge Crystallographic Data Centre (CCDC 

1560010). This data can be obtained free of charge via 

http://www.ccdc.cam.ac.uk/conts/retrieving.html, 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). Projection along the b-axis showing the organic-inorganic 

layers in the title compound crystal, relative contributions to the Hirshfeld surface areas for 



the various intermolecular contacts, are given in Fig S1-S2 and selected bond distances and 

angles in  (C5H14N2)2[SnCl6]2.5H2O and Surface composition (in atomic %) are given in Table 

S1 and S2. 
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Figure captions 

Fig. 1 

A view of the asymmetric unit in the crystal structure of the title compound showing the 

atom-numbering scheme and displacement ellipsoids drawn at the 50% probability level. 

Fig. 2 

Projection along the a-axis of the crystal packing of the title compound. The dotted 

lines indicate hydrogen bonds. 

Fig. 3 

Projection along the c-axis of the crystal packing of the title compound 

Fig. 4 

Hirshfeld Surfaces mapped with dnorm for the title compound. 

Fig. 5 

The two-dimensional fingerprint plot (98.7%) for (C5H14N2)2[SnCl6]2.5H2O, showing 

contributions from different contacts 

Fig. 6 

Calculated and experimental IR absorption spectrum of (C5H14N2)2[SnCl6]2.5H2O 

Fig. 7 

Calculated and experimentalRaman spectrum of the title compound in the [500-100] cm
-

1
range. 

Fig. 8 

Superposition of optical absorption spectra measured at room temperature and theoretical 

DFT UV–Visible spectrum of the title compound. 

Fig. 9. 

Photoluminescence spectrum of the title compound. 

 



Fig. 10. 

Frontier molecular orbitals (HOMO and LUMO) of the title compound. 

Fig. 11. 

DTA/TGA curve for (C5H14N2)2[SnCl6]2.5H2O 

Fig.12. 

DSC curve for (C5H14N2)2[SnCl6]2.5H2O 

Fig. 13. 

XPS survey scans of (C5H14N2)2[SnCl6]2.5H2O. 

Fig. 14. 

High-resolution Sn3d narrow region of the title compound. 
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Table.1. Crystal data and structure refinement for (C5H14N2)2[SnCl6]2.5H2O crystal. 

Compound (C5H14N2)2[SnCl6]2.5H2O 

Color/shape Colorless/prismatic 

Space group P 21 21 21 

Temperature (°K) 293 

Cell constants  

a (Å) 9.569 (5) 

b (Å) 11.747 (5) 

c (Å) 29.394 (5) 

α(deg) 90.000 (5) 

β (deg) 90.000 (5) 

γ(deg) 90.000 (5) 

Cell volume (Å
3
) 3304 (2) 

Formula units/unit cell 4 

Dx (Mg m
−3

) 1.924 

Diffractometer/scan Buker APEX2 CCD area 

detector 

Radiation, graphite 

monochromator 

Mo-Kα (λ=0.71073 Å) 

Crystal dimensions (mm) 0.44×0.11×0.09 

μcalc (mm
−1

) 2.51 

Unique reflections 9512 

θ range (deg) 2.5 ⩽θ⩽ 31.5 

Reflections with I>2σ(I)  7274 

Range of h, k, l ±13,(-15,17),(-15,42) 

F(000) 354 

Weight 1/[σ
2
(Fo

2
)+(0.037P)

2
+3.4139P], 

where P=max[(Fo
2
,o)+2Fc

2
]/3 

R=∑||Fo−Fc||/∑|Fo| 0.039 

Rw 0.105 

Goodness-of-fit on F
2
 1.06 

Computer programs SHELXL [18] 

http://www.sciencedirect.com/science/article/pii/S1293255804001062#BIB011


Table.3. Main interatomic distances (Å) and bond angles (°) involved in hydrogen bonds. 

D-H….A d(D-H) d(H…A) d (D...A) <DHA 

N1-H1…O4W
 

0.910  1.849  2.742  166  

N2-H2A…O2W
i 

0.900 1.987 2.873 167 

N2-H2B…O1W
ii 

0.900 1.993 2.857 160 

N3-H3…O5W
 

0.910 1.730 2.586 155 

N4-H4D…O3W
iii 

0.900 1.930 2.817 168 

N4-H4C…O1W
iii 

0.900 2.001 2.854 157 

O1W-H1W…Cl1
iv 

0.851 2.630 3.362 144 

O1W-H1W1…Cl2
iv 

0.851 2.920 3.593  137 

O1W-H2W1…O2W 0.852 2.047 2.865 160 

O2W-H1W2…Cl2
v 

O2W-H2W2…Cl7 

O3W-H1W3…Cl3 

0.851 

0.850 

0.847 

2.469 

2.600 

2.618 

3.283 

3.410 

3.350 

160 

160 

145 

O3W-H1W3…Cl4 0.847 2.867 3.488 131 

O3W-H2W3…Cl8
vi 

0.850 2.585 3.432 174 

O4W-H1W4…Cl4
 

0.977 2.870 3.633 135.7 

O4W-H2W4…Cl12
vii 

0.812 2.613 3.389 155 

O5-H1W5…Cl8iv 0.859 2.791 3.573 152 

O5W-H2W5...O3W
iv

 0.859 2.162 3.002 165 

 

Symmetry codes: (i) x-1, y-1, z; (ii) x-1/2, -y+1/2, -z+1; (iii) –x+2, y+1/2, -z+1/2; (iv) x+1, y, 

z; (v) x+1/2, -y+3/2, -z+1; (vi) –x+1, y-1/2, -z+1/2; (vii) x, y-1, z. 

 


