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Abstract 

A novel hybrid material, C6H16N2OPbCl4, has been successfully synthesized in 

nitrogen atmosphere by slow evaporation at room temperature. The compound structure was 

determined by single-crystal X–ray diffraction and crystallizes in the triclinic space group P-1 

(a = 5.9926(2) Å, b = 10.3691(5) Å, c = 11.3558(4) Å, α=111.755(4)°,β= 96.080(3)°, γ = 

105.948(4)°, Z= 2) at 293 K. The structure is built up from anionic 1-D polymeric chains of 

PbCl4O octahedral extended along the (b + c)-axis. These chains are interconnected O-H···Cl 

hydrogen bonds to form inorganic layers parallel to (a, b + c) plane. The organic layers are 

inserted between the inorganic ones and connect them through N-H···Cl and C-H···Cl 

hydrogen bonds hydrogen bonds to build a three dimensional network. To gain more 

information about intermolecular interaction we used Hirshfeld surfaces associated with 2D 

finger plots. The optical and PL properties of the compound were investigated in the solid 

state at room temperature and exhibited two bands at 250 and 290 nm and a 

photoluminescence emission at 529 nm. Raman and infrared spectra were used to gain more 

information for vibrational modes of the title compound. As for thermal analysis, DSC 

analysis shows that this compound is stable at temperature below melting point. Finally, XPS 

analysis is achieved for analyzing the surface chemistry of C6H16N2OPbCl4 crystals. 
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1. Introduction 

Hybrid materials offer important scientific and technological possibilities to combine 

attractive features of inorganic and organic systems within a single material [1-5]. This 

symbiosis between two worlds of chemistry too long regarded as antagonists can also lead to 

completely new properties, and opens up a vast field of investigation for the chemist. 

Inorganic materials offer high carrier density and mobility, high thermal stability and 

interesting magnetic or ferroelectric transitions, and organic materials offer great flexibility in 

the choice of molecules of length, width, polarizability and degree of saturation or 

polymerization. They also offer exceptional luminescent properties and potential for 

conductivity [6,7]. Hybrid materials based on metal halide units have attracted attention due 

to their interesting structural and optical properties, and their potential applications in light-

emitting optical devices [8]. One of well investigated hybrid families is based on lead halides 

[9], in which organic ligands are inserted in the three dimensional inorganic parent structure 

to break it down to two, one or zero dimensions [10].The lead (II)-based organic-inorganic 

layered materials have demonstrated enhanced exciton binding energies due to a dielectric 

confinement effect, nonlinear optical properties and electroluminescence [11,12]. In regards 

to the coordination geometries of elements of group 14 (limited to Sn(II) and Pb(II)) with 

halide atoms, the vast majority of cases are octahedra. Nevertheless, there are a lot of 

exceptions [13].As for the organic ligands, we focused on 1-(2-hydroxyethyl) piperazine. 

Thus, piperazine and its derivatives are widely used due to their interesting biological and 

pharmacology proprieties. They are among the most important backbones in today’s drug 

discovery industries. The piperazine scaffold is an important pharmacophore found in a large 

number of biologically active compounds [14-18]. Based on the above considerations, in the 

present work, we report the synthesis, structure, Hirshfeld surface, spectroscopic 

measurement, optical study and thermal analysis of a new hybrid material: (2-hydroxyethyl) 

piperazine-1,4-diium tetrachloroplombate(II), C6H16N2OPbCl4. 

2. Experimental 

2.1. Synthesis of C6H16N2OPbCl4 

Crystals of C6H16N2OPbCl4were prepared by dissolving in a concentrated solution of 

HCl (3 M, 10 mL) a stoichiometric mixture of PbCl2 (1mmol, 0.278g) and N(2-

hydroxylethyl)piperazine(1 mmol, 0.122 mL). The synthesis was produced in nitrogen 

atmosphere to prevent oxidation of Pb(II) to Pb(IV) [19]. Crystals suitable for X-ray analysis, 
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which remained stable under normal conditions of temperature and humidity, were isolated 

after several days by evaporating the resulting aqueous solution at room temperature (yield 

72%). The chemical reaction scheme is: 

C6H14N2O + PbCl2 +2HCl→  C6H16N2OPbCl4 

2.2. Characterization  

Single crystal X-ray structural analysis 

A single crystal was carefully selected under a polarizing microscope in order to 

perform its structural analysis by X-ray diffraction. Diffraction data were collected on an 

Oxford Diffraction Xcalibur GeminiS diffractometer equipped with MoKα radiation (0.71073 

Å). Intensities were corrected for Lorentz polarization and absorption effects [20].The 

structure was solved by direct methods using SHELXL-97 [21] and refined against F2 by full-

matrix least-squares methods with anisotropic displacement parameters for all non-hydrogen 

atoms. All calculations were performed using SHELXL-97 implemented in the WINGX 

system of programs [22]. The drawings were made with the Diamond [23] and Mercury 

programs [24]. The refinement was done by full-matrix least squares methods (SHELXL-97 

program) and converged to an acceptable final agreement factor. 

The pertinent experimental details of the structure determination for the new 

compound are presented in Table 1. All hydrogen atoms were placed geometrically and 

refined isotropically.  

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

was achieved by calculating the Hirshfeld surface with the Crystal Explorer software [25]. 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 0.6–2.6 Å.  

Powder X-ray Diffraction  

The powder X-ray diffraction (PXRD) was recorded on a Siemens D5000 powder 

diffractometer using Cu-Kα radiation (1.542 Å) with a 2θ range of 0–40°. 

IR, Raman and UV measurements  

The IR spectra were recorded in the 4000-500 cm
-1 

range with a 1000 Perkin-Elmer 

FTIR spectrometer using samples dispersed in spectroscopically pure KBr pressed into a 

pellet. 

http://www.sciencedirect.com/science/article/pii/S0022286012000026#t0005
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The Raman spectrum was recorded between 50 and 2000 cm
-1

 at room temperature 

with a LABRAMHR 800 triple monochromatic instrument using a 514.5 nm line spectra-

physics argon ion laser. 

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. 

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. 

Calorimetric measurements 

The differential scanning calorimetric (DSC) measurements were made on a 

SETARAM DSC131 ks instrument. A powder sample (11.7 mg) was heated from 273 K to 

573 K with a ramp rate of 5 K·min
-1

 under a vacuum atmosphere. 

XPS measurement  

XPS spectra were recorded using a K-Alpha (Thermo) apparatus fitted with a 

monochromatic Al-K X-ray source (spot size: 400 µm). 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’s sensitivity factors. 

3. Results and discussion 

3. 1 Powder X-Ray Diffraction Patterns 

The powder X-ray diffraction (PXRD) experiments were recorded to confirm the 

phase purity of the material. The PXRD experimental and the simulated patterns based on a 

single-crystal structure are shown in Fig. 1. It perfectly matches the pattern simulated from 

the single-crystal diffraction data at room temperature, manifesting a pure phase of the bulky 

sample. 

3.2 Description of the structure 

The asymmetric unit of the title compound contains one PbCl5dianion coordinated to 

one monodentate organic ligands, 1-(2-hydroxyethyl) piperazine-1,4-diiumdication (Fig. 2). 

The Cl(3) and Cl(4) reside on two-fold rotation axes. Each Pb(II) cation is coordinated by five 

chlorine atoms (Cl1, Cl2, Cl3, Cl4 and Cl5) and a ligand oxygen atom (O1) in a distorted 
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PbCl5O octahedral geometry. The basic block of the C6H16N2OPbCl4 compound, as can be 

seen in Fig. S1, consists of adjacent PbCl5O octahedra which are interconnected by chlorine 

bridges to generate an infinite 1-D coordination polymeric inorganic chain (PbCl5O)n running 

along the crystallographic (b+c) axis. In the atomic arrangement, the inorganic chains are 

interconnected via O–H⋯Cl hydrogen bonds to form an inorganic layer parallel to (a, b+c) 

plane (Fig. 3). The organic layers are inserted between the inorganic ones and connect them 

through N-H···Cl and C-H···Cl hydrogen bonds to form a three dimensional network (Fig. 4, 

Table 2). In the 1-D chains of Pb(II), three consecutive lead atoms Pb1’, Pb and Pb’’ are 

bonded via two bridge chlorides Cl3 and Cl4. The lead atom is connected to five chloride 

atoms with distances ranging from 2.721(2) Å to 3.0655(4) Å (Table S1). All the bond lengths 

and angles of the organic entity (Table S1) agree with those found in another salt containing 

the same cation, 4-hydroxy-1-methylpiperidinium [26]. The distances of the bridge chlorides 

Cl3 and Cl4 are 3.0655(4) Å and 2.8035(4) Å respectively. The Pb-O distance is 2.885 Å 

(Table S1). The Cl-Pb-Cl angles are varying from 79.91(5)° to 91.45(5)° for cis and 

162.33(8)° to 169.078(12)° for trans arrangement. The equatorial trans angle for Cl-Pb-Cl is 

varied from 77.48(7)° to 91.45(5)°.Such a distortion from the ideal octahedral geometry is 

particularly attributed to the stereochemically activity of lead(II) lone pair electrons as 

previously reported [27].The Pb-Cl-Pb angles equal to 180.00°, are close to those reported in 

the case of one-dimensional chain of slightly distorted octahedra [28]. The maximum 

deviation of the equatorial plane rms formed by PbCl1Cl2Cl5O is -0.212 Å. 

The conformation of the piperazine six-membered ring can be described in terms of 

Cremer and Pople puckering coordinates [29], i.e. evaluating the Q parameters (total 

puckering amplitude), q2, q3, θ and φ. Their calculated values for the N2-C3-C4-N1-C1-C2 

ring are Q=0.5785Å, q2=0.0072Å, q3=-0.5784Å, θ =179.29° and φ =-164.35°, corresponding 

to the most stable chair conformation (Fig.S2). Its geometrical details are presented in Table 

S1, showing that the N-C, C-C and C-O distances are between 1.415(13) Å and 1.529(14) Å, 

and the N-C-C, C-N-C and C-C-O angles are varying from 108.7(8)° to 112.4 (8)°. This 

distances and angles agree well with those observed in other compounds with the same 

organic cation [14, 16]. 
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3. 3 Hirshfeld surface 

The Hirshfeld (HS) surface of the title compound was generated using CrystalExplorer 

3.1 [25], which accepts a structure input file in CIF format. The HS is used to identify the 

intermolecular interactions including H⋯H, Pb⋯Cl, Cl⋯H and Cl⋯Cl contacts. The contacts 

with distances shorter than the sum of the van der Waals radii are indicated in red,the contacts 

with distances longer than Van der Waals radii are represented in blue, and the contacts with 

distances equal to the sum of van der Waals radii are indicated in white. The 3D dnorm surface 

can be resolved into 2D fingerprint plots, which analyze 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 dnorm surface, shape index and curvedness of the C6H16N2OPbCl4 are 

shown in Figure 5, and the 2D fingerprint plots showing the percentage of area occupied by 

the different types of intermolecular interactions are depicted in Fig. 6. The contributions 

from different interaction types which overlap in the full finger print are then separated (Fig. 

6a). 

The intensive red hot spots on the surface colored according to dnorm correspond to 

hydrogen bonds with neighboring molecules (N-H···Cl, O-H···Cl and C-H···Cl). The small, 

flat segments delineated by the blue outline in the surface mapped with curvedness indicate 

the absence of π⋯π stacking interactions in the structure. In addition, it is clear from the 

Hirshfeld surface that the crystal structure of C6H16N2OPbCl4 does not exhibit any π⋯π 

stacking interaction because 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 Hirshfeld surface analysis of the molecule shows that H⋯Cl and H⋯H 

interactions exhibit the most significant contributions (67.4 and 19 % of the total Hirshfeld 

surfaces, Figs. 6b and 6c, respectively). For the H···Cl interactions there are indeed five D-

H···Cl hydrogen bonds in the crystal structure (Table2, Fig. 6b). The Pb···Cl intermolecular 

interactions appear as two short spikes in the 2D fingerprint plots, contributing to 5.7% (Fig. 

6d). The 2D fingerprint plot reveals that the Pb⋯H interaction covers 4.1% of the total 

surface (Fig. 6e). Apart from the interactions mentioned above, the presence of Cl···Cl, 

O···H, Cl···O and Pb···O contact only contribute with 1.5% (Fig. 6f), 1% (Fig. 8g), 0.9% 

(Fig. 6h) and 0.3% (Fig. 6i) of the total Hirshfeld surfaces, respectively. This quantitative 

conclusion shows that the H…Cl interactions represent the important percentage of the total 
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surface and thus constitutes the driving force in the crystal packing (Fig. S3 contains the 

percentages of contributions for a variety of contacts in the title crystal structure). 

3.4 Infrared Spectroscopy 

The FTIR spectroscopy was used to identify the functional groups present in the 

crystal. The IR spectrum of C6H16N2OPbCl4 is shown in Fig. 7, was recorded for the 

wavenumbers region between 4000 and 500 c𝑚−1. The most representative and characteristic 

vibrational modes of this compound can be compared to those of similar materials [16, 30]. 

On investigating the spectrum, in the high-frequency region, between 3600 and 2300 cm−1, 

the observed bands correspond to thestretching vibrations of the O-H, N-H and C-H. The 

hydrogen bonds interactions such as N-H···Cl, O-H···Cl and C-H···Cl (Table 2) affects the 

absorption positions in this region. The symmetrical CH2 stretching frequency of the CH2 

group (n𝑠(CH2)) next to nitrogen atom in secondary and tertiary amines, becomes intense and 

lower in frequency near 2800 cm−1.So for N-(2-hydroxylethyl)piperazine-1,4-diium , the CH 

stretching bands appears at 3089, 2986, 2848 and 2770 cm−1[16]. The bands at 1151 and 

1117 cm−1 correspond to the asymmetric and symmetric C-C stretching mode. As for the 

bands of medium intensity at 1382, 1296 and 1248 cm−1 are assigned to asymmetric C-N 

stretching (nas(C − N)) and the band at 1161 cm−1  has been attributed to symmetric C-N 

stretching (n
s
(C − N)). The bands located at 1577, 1463 and 1422 cm−1are assigned to 

asymmetric and symmetric CNH and OH deformation vibration. The bands appeared between 

913 and 500 cm−1are attributed to CCN groups deformation vibrations. According to the 

previous works of [PbCl4]2− anions, the internal vibrational modes of Pb-Cl appear below 

400 cm−1 in IR spectrum [31]. 

3.5 Raman spectroscopy of[C6H16N2O]PbCl4 

The Raman spectrum, presented in Fig. 8, show a strong band located at 150 cm
-1

with 

two shoulders at 130 and 175 cm
-1

and two other peaks at 58 and 84 cm
-1

. According to 

previous studies and by comparison with the Raman spectrum of similar crystals in the low 

frequencies range [31–33], the first band is probably assigned to stretching vibrational modes 

of the Pb–Cl bonds. In fact, several peaks in the Raman spectra of other compounds crystals 

or bulks are observed between 50 and 200cm
-1

. The two remaining peaks are assigned to 

translational and vibrational modes of both the organic and the inorganic moieties. 

3.6 Optic study 

UV absorptionof[C6H16N2O]PbCl4 
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As a consequence of the structural diversity, dimensional variability in the anion 

structures is also observed, and thus the dependence of electronic and optical properties on the 

dimensionality of the inorganic structural component can be studied. In particular, the iodide 

compounds (R–NH3)2PbI4 have been most intensively investigated, mainly because they 

exhibit excitonic emission in the green–yellow spectral range and because of their easy thin 

film processing [34]. The solid state UV-vis spectrum of crystalline C6H16N2OPbCl4 was 

recorded at room temperature (Fig. 9). It showed two distinct absorption peaks at 250 and 290 

nm, which is similar to results found in other studies treating MX4-hybrid compounds [35-

38]. The lowest energy absorption peak at 290 nm (4.27 eV) is due to band gap absorption 

and it corresponds to the excitation of free electron–hole pairs within the [PbCl4]2−inorganic 

chains. This peak is due mainly to the absorption between Cl (5p) and Pb (6s) (band to band), 

in fact an electron is excited from the valence band (VB) to a permit level in the gap leaving a 

hole in the (VB) [39]. The band with maximum at 250 nm (4.96 eV) can be attributed to the 

absorption of a highest energetic level in the conduction band. 

Photoluminescenc of [C6H16N2O]PbCl4 

Fig. 10 shows the emission spectrum of the title compound. Previous work on the 

various organic inorganic hybrid compounds has revealed that the strong luminescence arises 

from an exciton state [40]. The luminescence originates from electronic transitions within the 

inorganic portions. The peak exhibits at 529 nm is arising from exciton recombination within 

the inorganic portions [41]. Under excitation, an electron is excited from the valence band 

(VB) to the conduction band (CB), leaving a hole in the valence band. The electron transition 

back to the ground that is the recombination of the electron and hole yields an emission (Fig. 

S4). 

3.7 XPS analysis 

X-ray photoelectron spectroscopy (XPS) is a versatile surface analysis technique that 

can be used for compositional and chemical states analysis. Since X-rays are used for the 

incident beam in XPS, the XPS technique causes very little charging of samples and thus it is 

useful for both electrically conductive and non-conductive materials. The hybrid compound 

C6H16N2OPbCl4 was dried and characterized by XPS. The surface chemical composition is 

reported in Table S2. The main peaks are O1s, N1s, C1s, Cl2p and Pb4f, centered at 532.2, 

401.8, 285.4, 197.1 and 137 eV, respectively (Fig.11a). In addition, the survey spectrum for 

this crystal exhibits an N1s peak (400eV) assigned to the (C6H16N2O) cation. Interestingly, the 
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high resolution N1s spectrum of the title compound (Fig. 11b) is fitted with two components 

centered at 399.6 eV and 401.8 eV. Whilst the latter is assigned to the quaternized form of the 

ligand H2N
+
(CH2)2, the former could be due to a free amine of the HN(CH2)2 type, resulting 

from a deprotonation of the quaternized ion. Indeed, energy of 399.6 eV is consistent with 

nitrogen in amines [42]. 

 The oxidation states of Pb were further confirmed by examination of the binding 

energy position of the Pb4f doublet. The Pb4fXP spectrum in Fig. 11c presents two peaks at 

137eV (Pb4f7/2) and 143 eV(Pb4f5/2); the position of the main Pb4f7/2 is in line with Pb in the 

oxidation state II. All these results confirm the valence sum calculations of this compound 

[43]. 

3.8 DSC analysis  

In order to determine the thermal stability of C6H16N2OPbCl4, the differential scanning 

calorimetric was carried out with a heating rate of 5 K·min
-1

 between 300 and 550 K. The 

results are given in Fig.12. The curve shows that the title compound undertakes endothermic 

phenomena during heating. The peak appears at 522.4 K (onset at 517.9 K) corresponds to the 

melting point, with an enthalpy of 51.74 J·g−1.The temperature of the melting point was 

confirmed by independent measurement using a Kofler heating bank. 

4. Conclusion 

The synthesis, crystal structure, optical properties and thermal analysis of (2-

hydroxyethyl)piperazine-1,4-diium tetrachloroplombate (II), organic-inorganic hybrid 

compound, have been described. Single crystal X-ray diffraction showed the formation of title 

compound consisting of polymeric 1-D endless inorganic chains. The different entities are 

held together via N-H···Cl, O-H···Cl and C-H···Cl hydrogen bonds to build a three 

dimensional network. The Hirshfeld surface analysis reveals the percentage of intermolecular 

contacts of the title compound which shows that the H···Cl interactions represent the 

important percentage of the total surface and thus confirming the X-ray diffraction (XRD) 

results. The powder XRD was homogeneous with the single crystal. Moreover, the studies of 

optical and luminescence activities revealed that this compound exhibited two absorption 

bands and a strong emission at room temperature. DSC analysis showed that this compound is 

stable until the melting point. The XPS study confirmed the valence sum calculations of the 

C6H16N2OPbCl4. 
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Supplementary data 

Crystallographic data for the structural analysis have been deposited on the Cambridge 

Crystallographic data Center (CCDC 1514267), and copies of the data can be obtained free of 

charge at www.ccdc.cam.ac.uk/conts/retrieving.html. Additional experimental details, 

structural characterization data (Projection along the a-axis showingthe polymeric an 1-D 

endless inorganic chain, projection of the structure of [C6H16N2O]2+ cation along the a-axis 

showing the chair conformation of piperazinium entities, contributions to the Hirshfeld 

surface area for C6H16N2OPbCl4 and model for the formation and recombination of the 

exciton in the title compound are given in Fig S1-S4 and selected bond distances and angles 

in [C6H16N2O]PbCl4 and surface composition (in atomic %) are given in Table S1 and S2.). 
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Figure captions 

Fig. 1 Simulated and experimental XRD of C6H16N2OPbCl4. 

Fig. 2 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. 3 Projection along the b-axis of an inorganic layer. Hydrogen bonds are denoted by 

dotted lines. The organic entities are omitted for figure clarity. 

Fig. 4 Projection along the a-axis showing the three dimensional network in the title 

compound. Hydrogen bonds are denoted by dotted lines. 

Fig. 5 Hirshfeld surfaces mapped with dnorm, shape index and curvedness for C6H16N2OPbCl4. 

Fig. 6 Fingerprint plots of all contacts in C6H16N2OPbCl4. 

Fig. 7 Infrared absorption spectrum of C6H16N2OPbCl4. 

Fig. 8 Raman spectrum of the title compound in the [500-100] cm
-1

range. 

Fig. 9 UV visible absorptionspectrumof C6H16N2OPbCl4. 

Fig.10 Photoluminescence spectrum of C6H16N2OPbCl4. 

Fig. 11 C6H16N2OPbCl4: (a) XPS survey scans, (b) N1s narrow region, and (c)high-resolution 

Pb4f. 

Fig. 12 DSC thermogram of C6H16N2OPbCl4. 
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Table 1.Experimental details 

Crystal data 

Chemical formula C6H16N2OPbCl4 

Mr 481.20 

Crystal system, space group Triclinic, P-1 

Temperature (K) 293 

a, b, c (Å) 5.9926 (2), 10.3691 (5), 11.3558 (4) 

α, β, γ (°) 111.755 (4), 96.080 (3), 105.948 (4) 

V (Å
3
)  612.85 (4) 

Z 2 

Radiationtype Mo Kα 

µ (mm
−1

) 14.61 

Crystalsize (mm) 0.77 × 0.52 × 0.27 × 0.30 (radius) 

Data collection 

Diffractometer Xcalibur, Ruby, Gemini 

Tmin, Tmax 0.005, 0.022 

No. of measured, independent and 

observed [I > 2σ(I)] reflections 

9084, 2160, 2150 

Rint 0.067 

(sin θ/λ)max (Å
−1

) 0.594 

Refinement 

R[F
2
 > 2σ(F

2
)], wR(F

2
), S 0.048, 0.125, 1.06 

No. of reflections 2160 

No. of parameters 131 

Δρmax, Δρmin (e Å
−3

) 4.54, 2.02 

Table 2. Hydrogen-bond geometry (Å, º) 
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D—H···A D—H H···A D···A D—H···A 

N2—H2···Cl5 0.91 2.25 3.145 (10) 167 

C2—H2B···Cl2
i
 0.97 2.63 3.541 (12) 156 

N1—H1A···Cl1
ii
 0.91 2.44 3.270 (9) 154 

N1—H1B···Cl1
i
 0.91 2.52 3.244 (10) 137 

O1—H1···Cl1
iii

 0.82 2.40 3.156 (9) 154 

Symmetrycodes: (i) x, y−1, z; (ii) −x+1, −y+1, −z+2; (iii) x+1, y, z. 

 

 


