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Abstract

A novel hybrid compound, bis(4-methylanilinium)hexachlorostannate(1V)
monohydrate, formulated as (C7H1oN)2[SnClg]-H20, has been prepared and characterized by
powder and single crystal X-ray diffraction (XRD), Hirshfeld surface analysis, infrared
spectroscopy (IR), optical study, differential thermal analysis(DTA) and X-ray photoelectron
spectroscopy analysis (XPS). The title compound crystallizes in the monoclinic space group
P2i/c with a = 13.093(1)A, b =7.093(6)A, ¢ =24.152(2)A, $ =98.536(4)° and V =2218.4(4)
A3. Their crystal structure exhibits alternating inorganic layers parallel to the (ab) plane at z=
n/2.The different entities, [SnClg]*, organic cations and water molecules, are connected via
hydrogen bonds to form a three-dimensional network. The powder XRD data confirms the
phase purity of the crystalline sample. The intermolecular interactions were investigated by
Hirshfeld surfaces. The vibrational absorption bands were identified by IR spectroscopy and
have been discussed. The optical properties of the crystal were studied by using optical
absorption, UV-visible absorption and photoluminescence spectroscopy studies. The
compound was also characterized by DTA to determine its thermal behavior with respect to
the temperature. Finally, XPS technique is reported for analyzing the surface chemistry of this

compound.
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Introduction

Considerable attention has been devoted to inorganic-organic hybrid materials over
recent years mainly because such compounds may combine useful properties from the
inorganic as well as the organic moieties within a crystalline molecular scale composite. This
combination can convey synergistic properties of both moieties into one single system hybrid.
The organic-inorganic hybrid compounds are of great interest owing to their ionic, electrical,
magnetic and optical properties which could lead to technological innovations [1-6].
Moreover, hybrid compounds based aniline and substituted anilines are widely used as
starting materials in a vast amount of pharmaceutical, electro-optical and many other
industrial processes [7-20]. Furthermore, some of para-substituted derivatives of aniline are
commonly used local anesthetics and among these molecules the amino group plays an
important role in the interactions with the receptor. Molecular geometry changes due to
enhanced interaction between the amino group and the aromatic ring. The inclusion of a
substituent group in aniline also leads to the variation of charge distribution in the molecule,
and consequently this greatly affects the structural, electronic and vibrational parameters [21].
So, extensive experimental and theoretical investigations have focused on elucidating the
structure and normal vibrations of hybrid compounds based on aniline and its methyl
derivatives. It should be noted that tin and its derivatives are in commercial use more than any

other elements [22].

As a part of our continued involvement of organic tin complexes, we report here the
synthesis, structure, Hirshfeld surface, spectroscopic measurement, optical study and thermal
analysis of a new compound (C;H1oN)2[SnClg]-H20 organic halogenostannate(IVV) material.

1. Experimental
2.1.Chemical preparation:

A solution of SnCl, (0.189g, 0.1 mmol) in water was added dropwise to a solution of
4-methylaniline (0.214 g, 2 mmol) in mixture of ethanol and HCI (10 mL). After stirring for
30 min. Crystals suitable for XRD analysis were obtained after five-teen days by slow
evaporation of the solution at room temperature (this compound is stable for months in room
conditions of temperature and humidity).

2C7HgN + SnCl, % (C7H10N)2[SNClg]-H,0

2.2. Investigation techniques



The characterization of the title compound was carried out by single-crystal X-ray
diffraction, Hirshfeld surface analysis, IR spectroscopy, UV-Vis spectrophotometry,
photoluminescence analysis, powder X-ray diffraction, differential thermal analysis, and X-
ray photoelectron spectroscopy.

X-ray single crystal structural analysis

A single crystal was carefully selected under polarizing microscope in order to
perform its structural analysis by X-ray diffraction. Diffraction data were collected on a
Bruker APEX2 diffractometer equipped [23] with a CCD area-detector with graphite-
monochromatized MoKa radiation (X=0.71073A). Solution by direct methods (SHELXS,
SIR97 [24]) produced a complete heavy atom phasing model consistent with the proposed
structure. The structure was completed by difference Fourier synthesis with SHELXL97
[25,26]. Scattering factors are from Waasmair and Kirfel [27]. All non-hydrogen atoms were
refined anisotropically by full-matrix least-squares. The drawings were made with Diamond
[28]. Crystal data and experimental parameters used for the intensity data collection are
summarized in Table 1. All the hydrogen atoms were placed geometrically and refined
isotropically. The last refinement cycle included the atomic coordinates for all atoms, the
anisotropic thermal parameters and the isotropic thermal parameters, the values of which are
listed in Table 2. The structural graphics of the asymmetric unit were performed on the
Mercury program.

Visualization and exploration of intermolecular close contacts of a structure was
achieved using the Hirshfeld surface calculated with Crystal Explorer software [29], all bond
lengths to hydrogen were automatically modified to typical standard neutron values (C-H =
1.083 A, O-H=0.983 A and N-H = 1.009 A). In this study, the molecular Hirshfeld surfaces
were generated using a standard (high) surface resolution with the 3D dyom surfaces mapped
over a fixed color scale of 0.42 A (red) to 1.6 A (blue), the 2-D finger print plots displayed by
using the standard 0.6-2.6 A.

Powder X-ray Diffraction

The powder X-ray diffraction (PXRD) was recorded on a Siemens D5000 powder
diffractometer using Cu-Ka radiation (1.542 A) with a 260 range of 0-40°.
IR and UV measurements

The IR spectrum was recorded in the range 4000-400 cm™with a Perkin-ElmerFTIR
spectrometer 1000 using samples dispersed in spectroscopically pure KBr pressed into a
pellet.



The geometry optimization without any constraint of 4-methylanilinium cation and
vibrational frequency calculations have been performed at B3LYP [30] level of theory with
CC-pVTZ basis set [31] with Gaussian09W package [32]. In addition we have seen useful to
use the GD3 grimer’s empirical dispersion correction [33] in order to take account of the
weak interactions that can exist between the atoms of this ion. SnCls® anion has been
optimized with B3LYP functional [30] using def2-tzvp [34] basis set for all atoms with
pseudo-potential in Sn atom. The OH symmetry point group constraint has been used in this
optimization. Theoretical IR spectrum calculated at the same level of theory show the
existence of two strong bands at 158 cm™ and 267 cm™.

Differential thermal analysis

The DTA analysis of the title compound were carried out under vacuum atmosphere
and a heating rate of 5 °C-min™ in the temperature range 292—650 K on a sample of ca. 8 mg.
XPS measurement

XPS data were recorded using a K Alpha (Thermo) fitted with a monochromatic AlKa
X-ray source (spot size: 400 um). The pass energy was set to 200 and 50 eV for the survey
and the narrow regions, respectively. 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.
2. Results and discussion
3.1. Description of the structure

As part of a study of the effect of cations on the crystal structures of organic-inorganic
ammonium hexachlorostannate(IV) hybrids, we report here a new structure with an organic-
inorganic hybrid double salt of the formula (R-NH3),[SnCl¢]-H,O, where Sn is in the +IV
oxidation state.

The experimental powder X-ray diffraction pattern of the compound is in good
agreement with that simulated (Fig. 1). This indicates the purity of the synthesized product
and confirms the crystal data used.

The asymmetric unit of the title compound, (C;H10N)2[SnClg]-H2O, consists of two (4-
methylanilinium) cations, a water molecule in general position and two half anions [SnClg]*
located on two special positions (Fig. 2, Table 2). In the title compound, the protonated

organic cations are linked to the hexachlorostannate anions and to the water molecules by



multiple strong and weak hydrogen bonds, with donor-acceptor distances varying between
2.713(4) A and 3.769(3) A (Table3).

The structural analysis of compound (C;H1oN)2[SnClg]-H,O shows the presence of
two crystallographically independent anionic entities [Sn(1)Clg]* and [Sn(2)Clg]*that exhibits
octahedral coordination environment with Sn-Cl bond lengths ranging from 2.4154(6),& to
2.4384(6)1& and the CI-Sn-Cl bond angles varying between 88.20(2)°and 91.80(2)°, which
indicate small distortions from ideal octahedral geometry (Table 4). The average values of the

distortion parameters of SnClgoctahedral are calculated using the following equations
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In this structure, the average values of the distortion parameters of the two
crystallographically independent anions, (Sn(1)Clg)* and (Sn(2)Clg)*> are 1D1(Sn(1)-Cl)=
0.0033, ID4(CI-Sn(1)-Cl)= 0.0106 and ID,(Sn(2)-Cl)= 0.0029, ID,(CI-Sn(2)-Cl)= 0.0080,
respectively [35]. The low values of the distortion indices indicate that the coordination
geometry of the metal is a slightly distorted octahedral; this can be explained by the
stereochemical inactivity of the 5s° lone pair of Sn(IV).

In the atomic arrangement, the junction between these crystallographically
independent anionic entities [Sn(1)Cls]> and [Sn(2)Cle]? is assured with the water molecules
through O1-H1W--Cl13, O1-H2W--CI2 and the ammonium group (NHs)" of the organic
cation to form layers which develop parallel to the (ab) plane(Fig. 3) and located at z=n/2(Fig.
4). Between these layers, pairs of the corrugated cationic entities are intercalated from either
side by weak hydrogen bonds C6A—H6A--Cl13, electrostatic interactions and of van der Waals
types. Moreover, this structure exhibits many hydrogen bonds involving the hydrogen atoms
of water molecules, of ammonium groups and of the carbon atoms C6A. Hence, this structure
is established by a three-dimensional network of hydrogen bonds which ensures the cohesion
and stability of the crystalline building.

The organic cations are trapped between the successive inorganic layers and are
grouped in pairs linked by an inversion center giving rise to double undulating lines which
extend along a axis at z = (2n+1)/4(Fig. S1).

The (4-methylanilinium) cations are functional, because of ammonium group in para
position. The arene rings of the two 4-methylanilunium crystallographically independent
cations (A;: C1-C6 and A,: C7-C12) are coplanar with (r.m.s) deviation are 0.005 A for the
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A; ring and 0.002 A fora A, ring, but they display different orientation [36]. The methyl
groups lie in the same plane than their carrier phenyl ring, since the torsion angles involving
the methyl substituent have the values of (-178.4)° and (-179.2)° (Fig. 5). The geometrical
characteristics of these cations are reported in Table 3, which shows that the C—C distances
range from 1.356(4) A to 1.520(4) A, the N—C distances are 1.468(3) and 1.469(3) A, and the
angles values of N-C—C and C—C—C vary from 119.1(2)° to 119.7(2)°, and 117.3(3)° to
122.1(3)°, respectively. Similar values of geometrical parameters are observed in other
compounds with the same organic cations, bis(p-toluidinium)hexachloridostannate(1V) [37].
Hirshfeld surface

The intermolecular interactions of the title compound are quantified using Hirshfeld
surface analysis. This approach is a graphical tool for visualization and understanding of
intermolecular interactions including H:--H, C---H, Cl---H and CI---Cl contacts. Hirshfeld
surfaces are produced through the portioning of space within a crystal where the ratio of
promolecule to procrystal electron densities is equal to 0.5 and are mapped using the
normalized contact distance (dnorm) Which is defined in terms of external and internal
distances de and di and the van der Waals (vdW) radii of atoms, then the normalized contact
distance (dnorm) is given by:

_ di—T'ivdW + de_rgdW
norm _rivdW TéidW

Where, ;"™ and r,""" are the vdW radii of the appropriate atoms internal and external to the
surface, respectively. The value of d,om iS negative or positive depending on intermolecular
contacts being shorter or longer than the van der Waals separations. The contacts with
distances equal to the sum of the vdW radii are indicated in white and the contacts with
distances shorter than and longer than vdW radii are represented in red and blue, respectively.

The 3D dnom surface can be resolved into 2D fingerprint plots, which analyses all
intermolecular contacts at the same time and give a quantitatively summary of the nature and
type of intermolecular contacts experienced by the molecules in the crystal. The Hirshfeld
surface of the title compound was generated using Crystal Explorer 3.1 [38].

In the our crystal structure, intermolecular interactions were analyzed for the
asymmetric unit using 2D fingerprint maps showing the percentage of area occupied by the
different types of intermolecular interactions depicted, the 3D Hirshfeld surfaces, the shape
index and curvedness of the (C;H1oN)2[SnClg]-H.O(Figs. 5 and 6).



The red spots on the around of the dnom Surface are attributed to the N-H---Cl, O-
H--Cl, N-H--O, and C-H--Cl hydrogen bonds which show the closest intermolecular
interactions in the compound. The small flat segments delineated by the blue outline in the
surface mapped with curvedness indicate the absence of m—m stacking interactions in the
structure. In addition, it is clear from the Hirshfeld surface that the crystal structure of the title
compound does not exhibit any n—r stacking interaction since there is no evidence of the
adjacent red and blue triangles on the shape index surface. This result has been confirmed by
X-ray crystal structural analysis.

The 2D fingerprint plots can be deconstructed to highlight particular atom pair
contacts. This deconstruction enables the separation of contributions from different interaction
types that overlap in the full fingerprint [39-41]. The contributions from different interaction
types which overlap in the full fingerprint are then separated (Fig. 6a). Globally, the H---Cl
contacts are the most encountered interactions in the title compound and their relative
contribution reaches 60.6% (Fig. 6b). There are indeed twelve D-H---Cl hydrogen bonds in the
crystal structure (Table 3). The decomposition of the fingerprint plot shows that H--H
contacts occupy 20.5% of the total Hirshfeld surface area (Fig. 6¢) and are the second most
frequent interactions due to the abundance of hydrogen on the molecular surface. The pair of
distinct wings at de+ d; = 2.4 A in the 2D fingerprint plots(Fig. 6d) are attributed to contacts
C-H / H-+-C with a 9.9% participation on the surface of Hirshfeld. Figure 6e shows that d;
+de> 1.75 + 1.75 A, so it can be concluded that the interaction between the chlorine atoms
Cl--ClI (4.8 %) is relatively low. Similarly, in Figure 6f we note that d; + de<1.52 + 1.20 A,
hence the interaction between hydrogen atoms and oxygen atoms O---H (3%) is present. This
percentage is represented in the atomic arrangement by the hydrogen bond N1B-H1B---O1W.
Finally, this analysis shows that the intermolecular contacts C---C1 (Fig.6g) have the smallest
contribution on the Hirshfeld surface (1.1%).

This quantitative conclusion shows that the H---Cl interactions represent the important
percentage of total surface. Hence, these interactions constitute the driving force in this crystal
packing (Fig. S2 contains the percentages of contributions for a variety of contacts in the title
crystal structure). The Hirshfeld surfaces certainly allow a detailed scrutiny by displaying all
the intermolecular interactions within the crystal and this methodology has very important

promise in crystal engineering.

3.2. Infrared Spectroscopy



The IR spectrum of crystal compound (C7H1oN)2[SnClg]-H20 is shown in Figure7.
The most representative and characteristic vibrational modes of this compound can be
compared to those of similar compounds [42,43]. Hydrogen bonding interactions are able to
affect the frequency as well as the intensity and width of these vibrations. As these structures

feature N-H---O hydrogen bonds, the N-H stretching modes are altered largely.

In the high-frequency region, the very large band spreading between 3600 cm™ and
2700 cm™ corresponds to the valence vibrations of C-H, O-H and N-H groups interconnected
by a system of hydrogen bonds in the crystal [44]. The bands observed at 3610 cm™ and 3510
cm " are assigned to the stretching vibrations v(O—H) of the crystallization water molecules.
However, the vibration bands between 1650 cm™ and 1200 cm™ are assigned to asymmetric
and symmetric bending vibrations of &(NH,) andd(CHs3), and valence vibrations of
v(C=C),v(C-C) and v (C-N). The bands in the [1000-500] cm™ range can be attributed to the
out-of-plane bending modes y(Caryi-H) andy(Cayi-Cayi). All these assignments are in good
agreement with that found in the literature [45-50]. According to previous works containing
the hexachlorostannate anion, the internal vibrational modes of [SnClg]* anion appear below
500 cm™ in IR spectrum [51].

DFT calculations showed also that the inorganic entities lead to vibrations below 500
cm™ which were not observed experimentally under our conditions. So to attribute the
infrared spectrum, we only focused on the vibrations of 4-methylanilinium cation. . The
frequencies calculation was made on the geometry obtained after B3LYP/CC-pVTZ
optimization geometry of organic cation without any constraint. The calculated IR spectrum
between 4000 cm™ and 400 cm™ is shown in Figure7. A close agreement between the
experimental and theoretical wavenumbers is mostly achieved in the fingerprint region as
shown in FigureS3. Thus, the precision is well-sufficient to assign the experimental
frequencies and to confirm the attributions proposed above.

Quantum mechanical study (HOMO-LUMO)

B3LYP geometry optimization of (C;H1oN)2[SnCl¢].H2O cluster was performed using
Lanl2MB basis set in all atoms and Lanl2MB pseudo-potential in Sn and Cl atoms.

GD3 grimer’s empirical dispersion correction was taken into account by involving the
weak interactions existing between the organic protons and the SnClg” anion. Frequency
calculation in the same level of theory showed that the equilibrium structure obtained have no
imaginary frequencies. The time dependent density functional theory (Td-DFT) using B3LYP
functional was performed on the optimized cluster using Lanl2DZ basis set in Sn atom and



cc-PVTZ basis set in O, N C and H atoms and GD3 grimer’s empirical dispersion to calculate
the optical properties and HOMO-LUMO gap energy . All calculations were performed using
Gaussian 09 program [52]. The band gap energy is a critical parameter in determining the
kinetic stability of the molecule. Moreover, the lowering in the HOMO and LUMO energy
gap explains the eventual charge transfer interactions that take place within the molecules.
The highest occupied molecular orbital (HOMO) and lowest occupied molecular orbital
(LUMO) of the molecule are displayed in Fig. 11. Orbital contribution investigation indicates
that the composition of HOMO is mainly located over the phenyl ring and the ammonium
group of 4-methylanilinium cation and over the crystallization water molecule. In contrast, the
components of LUMO are mainly around the mineral anion. The HOMO-LUMO energy gap
Eg=3.026 eV is 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 [53]. So this high band deviation value indicates that the cultured crystal is a
semiconductor [54].

3.3. Optical Study

As the optical spectroscopy is a very useful tool for the investigation of metal
transition complexes, the electronic and luminescence properties of (C;H1oN),[SnClg]-H,O are
pointed out and correlated to the other discussed studies.

UV absorption properties

The theoretical and experimental UV-Vis absorption spectra of the (4-
methylanilinium) hexachloridostannate(IVV) monohydrate are shown in Figure 9. The title
compound exhibits two distinct absorption bands centered at 255 nm (4.86 eV) and 445 nm
(2.78 eV). The first band is a strong absorption band with a characteristic shape of exciton
absorption, the origin of this band can be assigned to the m=—n* transition of the aromatic ring
as it has been pointed out in many studies of similar materials have the same cation [55].
Recent studies proved that the second band, centered at 445 nm, can rather be assigned to
Ligand to Metal Charge Transfer (LMCT) transition [56].

The test accuracy of Td-DFT calculation with the functional B3LYP and LanL2DZ
basis set in Sn atom and cc-PVTZ basis set in all other atoms with Gd3 empirical dispersion
correction by comparing the calculated UV—-Vis absorption spectrum with the experimental
UV-Vis absorption spectrum (Fig.12) prove the accepted agreement between the

experimental and theoretical UV-Vis absorption spectra. Indeed, in the UV region of the



calculated absorption spectrum, two absorption maximums at 240 and 400 nm are observed
with a shift of 15 nm with the first band and 40 nm with the second band.

Photoluminescencespectrum

The solid-state photoluminescence spectrum of (C;Hj3oN)2[SnClg]-H,O at room
temperature is depicted in FigurelQ. It exhibits strong emission band at 300 nm, up on
irradiation at 255 nm, the emission band can be assigned to the intra-ligand n—= " transition to

the phenyl ring of 4-methylanilinium cation.
3.4. DTA analysis

Figure 11 shows the DTA curve obtained during the decomposition of the bis(4-
methylanilinium) hexachloridostannate(IVV) monohydrate. Several phenomena represented by
a series of endothermic peaks in this thermogram are observed. Hence, the first endothermic
pic located at 356K can be assigned to the phase transition where the enthalpy changes is
AH;=26.54 J-g™. The second endothermic anomaly at 392K could be due to the dehydration
of the water molecule. To explain this phenomenon, the sample powder is heated to 403 K
and analyzed by infrared spectroscopy. The IR spectrum shows the disappearance of the
bands allocated to stretching and vibrations v(O—H) and 8(O—H) of the water molecules (Fig.
S4). Then, the anhydrous phase started to decompose at about 457K and followed by
degradation of the organic part. This decomposition is shown by the presence of two
endothermic successive peaks at T3 = 476K and T4 = 559K, whose the enthalpy values for
these two last peaks determined from the peak area are respectively, AH3= 122.26 J-g™ for
T3=476K and AH,= 732 J-g™* for T4=559K.

3.5. XPS analysis

The surface sensitivity and a few-nanometre penetration depth of the XPS technique
were utilized to determine the surface chemical composition of this compound including the
atomic oxidation states and the extent of surface impurities. The (C;H1oN)2[SnClg]-H20 was
dried and tested by XPS. Figure 12 shows the XPS survey scans, the composition of the
compound are watch in Table5.

The main peaks are C1s, Sn3d, N1s, Olsand ClI2p,centered respectively at 285.8 eV,
486.33 eV, 486.33 eV, 402.1 eV, 532.46 eV and 197.55 eV (Fig. 12). The oxidation states of
Sn were further confirmed by examination of the bending energy position of the Sn3d

doublet. The X-ray photoelectron spectroscopy measurements were carried out in the energy
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region of Sn3ds;, and Sn3ds, respectively. Figure 13 show that the Sn3ds/, region exhibited a
single feature at a binding energy of 486.3 eV, confirming that the sample was composed of
only Sn(IV) states, with no noticeable Sn(Il) and Sn(0),which were expected at 485.8 eVand
484.5 eV, respectively[57-59].

4. Conclusion

Good quality single crystals of the bis(4-methylanilinium)hexachlorestannate(lV)
monohydrate complex have been prepared at room temperature and characterized by
physicochemical methods. Additional stabilization is provided result from the establishment
of N-H:--Cl, N-H---O(W), C-H---Cl and O(W)-H---Cl hydrogen bonds between the
(C7HoN)*cations, the water molecules and the [SnClg]*dianions leading to a three-
dimensional network. Hirshfeld surface analysis reveals the percentage of intermolecular
contacts of the title compound and confirms the presence of low energy interactions namely
hydrogen bonds and electrostatic interactions. The vibrational absorption bonds were
identified by infrared spectroscopy. The optical properties were investigated and the energy
gap of this material was found to be at 3.0259 eV. DFT calculations allow the attribution of
the experimental UV-vis and of the experimental IR bands. Hence, this compound has good
relationship consistency between the experimental and theoretical studies. DTA analysis
showed that this compound is stable at temperatures below 340 K. The spectral information
obtained from the XPS analysis confirmed the valence sum calculations of the
(C7H1oN),[SNClg]-H,Ocompound.

Supplementary data

Crystallographic data for the structural analysis have been deposited with the Cambridge
Crystallographic data Center, CCDC 1505662 for the complex. Copies of the data can be

obtained free of charge at www.ccdc.cam.ac.uk/conts/retrieving.html.
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Figure captions
Fig.1: Simulated and experimental powder XRD patterns of (C;H1oN),[SnClg]-H-O.

Fig. 2: Asymmetric unit of (C7H1oN)2[SnClg]-H.0.

Fig. 3: Projection of an inorganic layer along the c-axis in(C;H1oN),[SnClg]-H,0. The organic

entities were omitted for figure clarity. The dotted lines indicate hydrogen bonds.

Fig. 4: Projection along the b-axis of the crystal packing of the title compound. The dotted

lines indicate hydrogen bonds.

Fig. 5: Hirshfeldcurvedness(1), shape index(2) and surfaces mapped with dnorm(3) for the title

compound.

Fig. 6:(a)The two-dimensional fingerprint plot(99.9%) for (C;H1oN),[SnCl¢]-H,O, showing
contributions from different contacts: (b) H---CI/Cl---H, (c) H---H, (d) C---H/H---C, (e) CI---Cl,
(f) O-+H/ H---0, (g) C--Cl/ Cl--C.

Fig. 7: Calculated and experimental IR absorption spectrum of (C;H;1oN),[SnCl¢]-H-O.
Fig. 8: Frontier molecular orbitals (HOMO and LUMO)

Fig. 9:Superposition of the experimental and the theoretical DFT UV—Visible absorption

spectra of the title compound.

Fig. 10: Photoluminescence spectrum of the title compound.
Fig. 11:DTAcurve for (C7H1oN),[SnClg]-H0.

Fig. 12:XPS survey scans of (C7H3oN)2[SnClg]-H20.

Fig. 13: High-resolution Sn3d narrow region of (C;H1oN)2[SnClg]-H.0.
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Table.1 Crystal data and structure refinement for [C;H1oN]2(SnClg)-H,O crystal.

Compound

Color/shape
Space group
Temperature (K)
Cell constants
a(A)

b (A)

c(A)

p (deg)

Cell volume (A%)
Formula units/unit cell
Dx (Mg-m™>)
Diffractometer/scan

Radiation, graphite
monochromator
Max, crystal dimensions
(mm?®)

HUcalc (mmil)
Unique reflections
0 range (deg)

Reflections with
1>24(1)
Range of h, k, |

F(000)
Weight

R=Y"|IFo—F¢|l/>|Fol
RW
Goodness-of-fit on F?
Computer programs

[C7H10N]2(SnC|5). Hzo

Red/prismatic
P21/C
293

13.0931(11)
7.0936(6)
24.1524(19)
98.536(4)
2218.4(3)
4
1.694

Buker APEX2 CCD area-
detector
Mo-Ka (1=0.71073 A)

0.51x0.22x0.17

1.88
4912
3.0<0K27.2
4007

+16, +9, +30
1120

1/[6*(F4?)+(0.0213P)*+0.168P],
where P=max[(F.?,0)+2F:’]/3
0.024

0.056
1.12
SHELXS 97
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Table 2.Atomic coordinates and equivalent thermal factors of agitation Ueq (A% and

isotropic Uis, (A%)” in [C7H10N]oSNClg-H,0O crystal.

ATOM X Y z Uiso /Ueq
Snil 0.5000 1.0000 0.0000 0.03197(6)
ch 0.61658(5) 0.98585(9) -0.06858(3) 0.04864(15)
Cl2 0.58543(5) 0.72712(9) 0.04776(3) 0.04654(14)
ClI3 0.61767(5) 1.21565(9) 0.05516(2) 0.04668(14)
Sn2 0.0000 0.5000 0.0000 0.03423(6)
Cl4 0.14075(4) 0.27662(9) 0.01575(3) 0.04751(14)
Cl5 0.12318(4) 0.75911(8) 0.01209(3) 0.04634(14)
Clé -0.00714(6) 0.50275(10) 0.09950(3) 0.05290(16)
N1A 0.35627(19) 0.5282(3) 0.06294(9) 0.0512(5)

H1A1 0.324(2) 0.629(3) 0.0505(13) 0.077*

H1A2 0.4191(11) 0.541(4) 0.0563(14) 0.077*

H1A3 0.342(2) 0.420(2) 0.0470(12) 0.077*
CIA 0.36609(19) 0.5112(3) 0.12412(10) 0.0398(5)
C2A 0.2858(2) 0.5610(5) 0.15068(12) 0.0613(7)
H2A 0.2247 0.6065 0.1305 0.074*
C3A 0.2965 0.5426(5) 0.20848(14) 0.0731(9)
H3A 0.2418 0.5772 0.2269 0.088*
C4A 0.3856(3) 0.4745(4) 0.23919(11) 0.0598(8)
C5A 0.4642(2) 0.4267(5) 0.21062(11) 0.0638(8)
H5A 0.5256 0.3814 0.2305 0.077*
C6A 0.4554(2) 0.4434(4) 0.15308(11) 0.0556(7)
H6A 0.5098 0.4086 0.1345 0.067*
C7A 0.3959(4) 0.4511(6) 0.30204(13) 0.1033(14)
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H7A1
H7A2
H7A3

N1B
H1B1
H1B2
H1B3
CiB
C2B
H2B
C3B
H3B
C4B
C5SB
H5B
CoB
H6B
C7B
H7B1
H7B2
H7B3
O1w
H1W
H2W

0.3333

0.4081

04527

0.0092(2)
-0.0572(10)
0.015(2)
0.031(2)
0.0675(2)
0.0211(2)
-0.0469
0.0767(2)
0.0455
0.1766(2)
0.2209(2)
0.2890
0.1667(2)
0.1978
0.2372(3)
0.3054
0.2027
0.2419
0.19251(19)
0.227(3)
0.210(3)

0.4918

0.3209

0.5258

1.0119(4)
0.987(4)
1.123(2)
0.935(4)
0.9969(3)
0.9221(4)
0.8801
0.9097(5)
0.8583
0.9715(4)
1.0445(5)
1.0859
1.0578(5)
1.01077
0.9551(6)
1.0052
1.0249
0.8250
0.4327(5)
0.525(4)
0.338(4)

0.3147

0.3116

0.3197

0.10196(10)
0.0995(15)
0.0880(13)
0.0781(11)
0.15862(10)
0.20071(11)
0.1937
0.25395(11)
0.2826
0.26535(12)
0.22157(14)
0.2282
0.16812(13)
0.1391
0.32389(14)
0.3241
0.3497
0.3349
0.39482(11)
0.405(2)
0.4126(17)

0.155*

0.155*

0.155*

0.0552(6)
0.083*
0.083*
0.083*

0.0427(5)

0.0571(7)
0.068*

0.0617(8)
0.074*

0.0566(7)

0.0732(9)
0.088*

0.0650(8)
0.078*

0.0884(12)
0.133*
0.133*
0.133*

0.0841(7)
0.126*
0.126*

[Ue=1/3)>jUijai* a;* aig;]. The formula of factors of anisotropic thermal agitation is
exp[-n?{h%a?U11 + k’h*?U22 + I°c*?U33 + 2hkab*U12 + 2hla*c’U13 + 2klb*c*U23}],with a,

b* and c* reciprocal crystallographic parameters.
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Table.3Main interatomic distances (A) and bond angles (°) involved in hydrogen bonds (e.s.d.

are given in parentheses).

D-H....A d(D-H) d(H...A) d(D..A) <DHA
N1A-HIA...CI2 0.87(1)  258(2)  3.385(2) 155(3)
N1A-HIA3...CI2" 0.86(1) 2.81(3) 3.408(2) 128(3)
N1A-H1A3...Cl4 0.86(1)  2.82(3)  3.390(2) 125(3)
N1A-HIAL...Cl1' 0.86(1)  2.86(3)  3.466(3) 129(3)
N1A-HIAL...CI3' 0.86(1)  2.98(3)  3.441(2) 116(2)
C6A-H6A...CI3" 0.93 2.89 3.769(3) 159

N1B-HIBI...O1WY  0.88(1)  1.84(1)  2.713(4) 172(4)
N1B-H1B2...C14" 0.86(1) 2.79(2) 3.448(3) 134(3)
N1B-H1B2...C15"" 0.86(1) 2.92(3) 3.437(2) 120(3)
N1B-H1B2...Cl6" 0.86(1)  273(2)  3.488(3) 148(3)
N1B-H1B3...CI5 0.87(1)  2.48(1)  3.334(3) 169(3)
O1W-HIW...Cc13"™  0.81(1) 2.51(2) 3.282(3) 159(5)
O1W-H2W...c2"™  0.81(1) 2.82(4) 3.363(3) 126(4)

Symmetrycodes: (i) -x+1, -y+2, -z; (iii) —Xx+1, -y+1, -z; (iv) X, y-1, z; (V) —X, y+1/2, -z+1/2;
(vi) X, -y+1, z; (vii) -X, -y+2, -z; (viii) —x+1, -y-1/2, -z+1/2.
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Table 4.Selected bond distances and angles in (C;H1oN)2[SnClg]-2H,0

Distances (A) Angles(°)

(C7HwoN) (1)

N1A-C1A 1.469(3) C2A-CIA-C6A  121.1(2)
C1A-C2A 1.357(4) C2A-CIA-N1A  119.7(2)
C1A-C6A 1.358(4) C6A-CIA-NIA  119.2(2)
C2A-C3A 1.388(4) ClA-C2A-C3A  118.8(3)
C3A-C4A 1.374(5) CAA-C3A-C2A  121.8(3)
C4A-C5A 1.364(4) C5A-C4A-C3A  117.3(3)
C4A-CTA 1513(4) C5A-C4A-CTA  121.3(3)
C5A-C6A 1.382(4) C3A-C4A-CTA  1215(3)

C4A-C5A-C6A  122.1(3)
C1A-C6A-C5A  119.0(3)

(C7H1oN) (11)

N1B-C1B 1.468(3) C6B-C1B-C2B 121.2(2)
C1B-C6B 1.356(4) C6B-C1B-N1B 119.1(2)
C1B-C2B 1.366(4) C2B-C1B-N1B 119.7(2)
C2B-C3B 1.383(4) C1B-C2B-C3B 119.0(3)
C3B-C4B 1.369(4) C4B-C3B-C2B 121.5(3)
C4B-C5B 1.380(4) C3B-C4B-C5B 117.6(3)
C4B-C7B 1520(4) C3B-C4B-C7B 121.0(3)
C5B-C6B 1.381(4)  N5B-C4B-C7B 121.4(3)

C4B-C5B-C6B 121.8(3)

N1B-C6B-C5B 118.8(3)
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Octahedron SnClg(l)

Sn1-Cl1’
Snl-Cl1
Sn1-CI3'
Sn1-CI3
Sn1-CI2’

Sn1-ClI2

Octahedron SnClg(11)

Sn2-Cl4"
Sn2-Cl4
Sn2-Cl6
Sn2-Cl6"
Sn2-Cl5

Sn2-CI5"

2.4154(6)
2.4154(6)
2.4248(6)
2.4248(6)
2.4384(6)

2.4384(6)

2.4173(6)
2.4173(6)
2.4189(6)
2.4190(6)
2.4341(6)

2.4342(6)

Cl1'—Sn1—cCl1
Cl1'—Sn1—ClI3'
Cl1—Sn1—CI3'
Cl1'—Sn1—CI3
Cl1—Sn1—CI3

Cl3'—Sn1—CI3
Cl1'—Sn1—cCI2'
Cl1—Sn1—cCI2'
ClI3'—Sn1—cCI2'
Cl3—Sn1—ClI2'
Cl1'—Sn1—CI2
Cl1—Sn1—cCI2

Cl3'—Sn1—C2

Cl3—Sn1—CI2

Cl2'—Sn1—cCI2

Cl4ii—Sn2—Cl4
Cl4"—sn2—Cl6
Cl4—Sn2—Cl6

Cl4"—Sn2—C6"
Cl4—Sn2—Cl6"
CI6—Sn2—Cl6"
Cl4"—Sn2—ClI5

Cl4—Sn2—CI5

180.000(19)
89.33(2)
90.67(2)
90.67(2)
89.33(2)
180.00(2)
89.95(2)
90.05(2)
91.80(2)
88.20(2)
90.05(2)
89.95(2)
88.20(2)
91.80(2)

180.0

180.0

90.58(2)
89.42(2)
89.42(2)
90.58(2)
180.0

90.00(2)

90.00(2)
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Cl6—Sn2—CI5  89.85(2)
Cl6"—Sn2—CI5  90.15(2)
Cl4"—sn2—cCI5"  90.00(2)
Cl4—Sn2—CI5"  90.00(2)
Cl6—Sn2—CI5"  90.015(2)
Cl6"—Sn2—CI5"  89.85(2)

ClI5—Sn2—CI5"  180.0

Symmetry codes : (i) —x+ 1, -y+ 2, (ii) —X, -y+1, -z.
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Table.5.Surface composition (atomic %) of (C;H1oN)2[SnClg]-H,Oas determined by XPS.

Sn3d N1s Cls O1s Cl2p

7.1 7.06 54.72 5.78 32.35
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