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Abstract:
The hybrid compound [C6H18N2]2Sb2Br10 wassynthesized by slow evaporation at room
temperature. X-ray single crystal diffraction, Infrared spectroscopy coupled with DFT
calculation, optical absorption, photoluminescence and thermal analysis were used to
characterize the centrosymmetric compound. Crystallization was obtained in the monoclinic
system P21/c space group with cell parameters: a = 10.7309 (3) Å, b = 10.5842 (3) Å, c =
14.5551 (4) Å, β = 96.962 (3) ° and Z = 4. Results showed that the structure is built up from
bioctahedral [Sb2Br10]4- dimers composed of two equivalent distorted octahedrons sharing one
edge and N, N-diethylethylendiammoniumcations. The cohesion and stabilization between
these entities is performed via N-H···Br hydrogen bonds. Crystal structure analysis was
supported with the Hirshfeld surface (HS) and fingerprint plots to identify the significant
intermolecular interactions in the crystal network.Furthermore, Thermal analysis of the title
compound revealed no phase transition in the temperature range between 25 and 450°. The Xray powder was in agreement with the X-ray structure. Scanning electronic microscopy (SEM)
was also carried out. The theoretical calculations were conducted using the DFT approach with

the B3LYP/LanL2DZ basis set todepict the vibrational IR spectrum of the investigated
compound in its ground state. A satisfactory agreement was found between the calculated and
experimental results for the structural parameters and the vibrational properties. Moreover,
Photoluminescence measurements showed a strong emission line at 3.64eV, the unaided-eye
detectable blue luminescence emission came from the excitonic transition in the Sb2Br10 anions.
Keywords: X-ray diffraction, Hirschfeld surfaces, DFT calculations, Thermal analysis,
Photoluminescence

1. INTRODUCTION:
Recently, great attention has been devoted to the large family of alkyl ammonium
halogenoantimonates (III) and halogenobismuthates(III) with different aliphatic and aromatic
amines.Their interesting physical and chemical properties, including magnetic or ferroelectric
transitions, (super)conductivity), electroluminescence and photoluminescence[1–10], in
technological innovations.In previous research works, many systems involving Sb and Bi atoms
were synthesized and characterized [11-29], exhibiting a general formula of AxMyXz (where
X = Cl, Br or I; M = Sb(III) or Bi(III); and A is an organic cation).Moreover, it is known that
elements of groups 14 and 15 as Sb(III) and Bi(III) ions, are characterized by their ns2 electronic
lone pair which can be more or less stereochemically active and play a crucial role in the
distortion of the MX6 octahedra [30]. Besides, the attractive properties displayed by these
systems, some interest has been directed towards halogenoantimonate(III) compounds in
combination with organic cations , in fact ,the latter leading to an extensive family of antimony
halogen anions :[SbXn+3]n- ,[Sb2Xn+6]n- ,[Sb3Xn+9]n- ,[Sb4Xn+12]n- ,[Sb6Xn+18]n- . [31,32] .The
different types of arrangement identified for the [SbyXn+z]n- groupings are illustrated in the
flowchart in Figure1.
In these materials, the anionic sub-lattice built up of MX6 coordination polyhedra can be
isolated (0D) or linked in face edge or corner sharing forming infinite chains (1D) or (2D) or
(3D) networks [18,33]attached to the organic cations by hydrogen bonds. The presence of
intermolecular hydrogen bonds in molecular packing is dedicated to the stability of the
complex. In this work, we report the synthesis of a new organic halogeno-antimoinate material,
bis(N,N-diethylethylendiammonium) decabromodiantimoinate(III), (C6H18N2)2 Sb2Br10 and its
structural characterization by X-ray diffraction (XRD) accompanied with an insight into HS
analysis,

spectroscopic

measurements

(Fourier

Transform

Infrared

(FT-IR)

Spectroscopy,optical and photoluminescence analyses), thermal calorimetry (DSC and ATG)

as well as DFT.Calculations based on correlation between experimental vibrational spectra and
computed results were also discussed.

2. EXPERIMENTAL:
2.1. Synthesis of (C6H18N2)2 Sb2Br10
(C6H18N2)2 Sb2Br10 single crystals were prepared by dissolving in hydrobromic acid, HBr (12
M) solution, a stoichiometric mixture of antimony (III) oxide Sb2O3 and N, N-diethylendiamine
in the presence of ethanol. The resulting aqueous solute ion was evaporated slowly at room
temperature. After 1 month, yellow prism crystals appeared with suitable dimensions for single
structural analysis.
2. 2. X-ray data collection
A suitable colorless crystal of good quality with the dimension of 0.24 × 0.07 × 0.05 mm 3 was
carefully picked by using a polarizing microscope for the XRD experiments and mounted on a
glass fiber using glue.
The single-crystal diffraction data were collectedon an Oxford Diffraction Xcalibur Ruby
Gemini S four-circle diffractometer equipped with graphite monochromatic Mo Kα radiation
(0.71073 Å) at 293(2) K. Lattice parameters were found from the setting angles of 11614
reflections in the range of 2.64 ≤ θ ≤ 31.42° where 5354 reflections had independent intensity
of I > 2σ(I). However, the structural model was solved in the monoclinic space group P21/C by
direct methods, using SHELXS-86 [34]while full matrix least-squares refinement on F2 was
delivered by the SHELXL-97 computational program [35]that give positions of antimony and
bromine atoms. The molecular graphics of the compound were created with DIAMOND 3.2
version [36].
2.3. Powder X-ray diffraction
Powder XRD (PXRD) measurements were recorded on a Siemens D5000 powder
diffractometer, using Cu Kα radiation (1.5418 Å) with a 2θ range of 5–50° at room temperature.
The PXRD pattern of the compound was compared with the theoretical one (Fig.2) indicating
that the product was successfully obtained as pure crystalline phase.

2. 4. Micrographs and X-ray microanalysis

Scanning electron microscope (SEM) and Energy-dispersive X-ray spectroscopy (EDXS) were
recordedby using JEOL-6610LV scanning electron microscope operating at 30 kV coupled with
an Oxford X-Max microanalysis system (EDX).
2.5. Spectroscopic Measurements
The IR spectrum was recorded in the range of 4000-400 cm-1 with a FT-IR Bruker Tensor-27
spectrometer using a sample depressed in KBr pellet. This measure served to depict the
functional groups and the molecular formula of the crystal The pellet was prepared by mixing
5% of powder sample with 95% of KBr and compressing the whole into a disk. Moreover, the
room temperature photoluminescence spectrum was recorded using a time resolved Edimbugh
Instruments FLSP920 spectrofluorimeter with a Red-PMT detector and a Xenon bulb as an
excitation source. A conventional UV–visabsorptionspectrometer (Shimadzu UV 3101)was
used to issue the optical absorption spectra at room temperature.
2.6. Thermal characterization.
A Mettler-Toledo TGA/SDTA851eand a DSC822e were used for the thermal analysis in
oxygendynamic atmosphere (50 mL/min) at a heating rate of 10 °C/min. In this case, ca. 10 mg
of powder sample was thermally treated, and blank runs were performed. In TG tests, a Pfeiffer
vacuumThermoStarTM GSD301T mass spectrometer was used todetermine the evacuated
vapours.
2.7.Hirshfeld surfaces analysis:
Molecular HS calculation was performed using the CrystalExplorer 3.1 [37]program in order
to illustrate the main differences between the intermolecular contacts in the crystal
structure.The distance from HS to the nearest nucleus inside and outside the surfacewas marked
by di and de respectively, whereas dnorm is a normalized contact distance, which is defined in
terms of di, de and the van der Waals (vdW) radii of atoms: [38]
dnorm =

di − rivdw
rivdw

+

de − revdw
revdw

The d norm takes a negative valuen when intermolecular contacts are shorter thanvdW
radii,and positive when it is longer. A red-white-blue color scheme refers to the mapping of
dnorm values onto the HS. If the atoms make intermolecular contacts closer than the sum of
their vdW radii, these contacts were represented as red spots on the surface. Longer contacts
were blue, while white was used for contacts around the sum of the vdW radii [39].

A 2D fingerprint plot combining de and dipresents proportions of these interactions’
intermolecular contacts [40]. The fingerprint plots can be decomposed to highlight particular
atom pairs in close contacts [41].
2.8. Computational details
Density Functional Theory calculations were performed using the Gaussian 09W program
package [42], with the B3LYP functional [43-45]. Fig.S2, billustrates the optimized geometry
of the title compound model. Since the cluster must contain heavy atoms, we selected the
LanL2DZ as a basis set [46]. This cluster model, extracted from single crystal X-Ray data, is
built up from one [Sb2Br10]4- line sharing bioctaedra and two (C6H18N2)2+ organic cations. The
optimized singlet ground state geometry was reached with the default convergence criteria
without any constraint on the geometry [47]and checked with the lack of any imaginary
frequency. A common empirical scaling factor of 0.961 [48] was used for the calculated
vibrational normal modes. The theoretical UV-Visible absorption spectrum and the computed
electronic transitions are obtained using TDDFT calculation at the same level of theory.
3. RESULT AND DISCUSSION:
3. 1. Structure description:
The experimental details of the structure determination for the studied compound are
presentedin Table 1. Values corresponding to the atomic coordinates for anisotropic and
isotropic thermal parameters of all the atoms in the last refinement cycle whose are in Tables
S1 and S2. The title compound crystallizes in the centrosymmetric monoclinic space groupP21/C
(NO.14) with the following unit cell dimension a=10.7309(3) Å; b= 10.5842 (3) Å; c=14.555
(4) Å; β = 96 .962 (3) o, V = 1640.95 (8) Å3 and Z=4. The single crystal XRD of the new
compound

shows

that

the

asymmetric

unit

is

comprised

of

one

N,

N-

diethylethylendiammoniumcation, and one half of a decabromodiantimoinate (III) dimer
(Fig.S1).In the crystalthe anions generate an inversion center in order to form a Sb2Br104- dimer
constituted of two octahedra SbBr63- sharing one edge (Fig.S2). This arrangement type of anions
is similar to the model found in [19]. The anionic sublatticeis built of distorted SbBr63-octahedra
sharing one edge and forming one-dimensional zigzag ([SbBr5]n)2n- chains along the b axis as
shown in (Fig.3) [49].
Both experimental and calculated bond lengths and angles for the organic and inorganic groups
are shown in Table 2. We firstly assert the good agreement between experimental and calculated

structural parameters, which reflects that the chosen cluster model can be appropriate for further
investigation. In fact, the mean relative error between experimental and calculated bond
distance and angles, for the [Sb2Br10]-4bioctaedra, are 3.56 % and 7.27 % and 2.20 % and 0.97
%, for the (C6H18N2)+2 cation, respectively. It is noted that the Sb-Br distances range between
2.601 (7) and 3.207 (8) Å, and are significantly shorter than the sum of vdW radii of Sb and Br
(4.7 Å according to Pauling) [50]. The longest distance at 3.207(4)Å is attributed to the bond
involving bridging bromine atoms (Br5) and the shortest one at 2.601(7)Å is due to bonds
involving axial terminal bromine atoms opposite to the bridging bromine atoms (Br3 and Br2).
These distances are similar of the compound (4-BrC5H4NH)2SbBr5[51] , Table 3 contains a
comparative study of the bonding distances of the antimonite

analogous synthesized

compounds based on the literature. In addition to the bond length differences, the Br–Sb–Br
bond angles range between 87.53(3)° and 92.29(4)° for cis and from 176.95(4)° to 178.98 (4)°
for trans arrangements. This result reveals a slight distortion of the [SbBr5]2− square pyramidal
(Table 2).These values agree well with those previously observed by [C5N2H16]2SbBr5[52]. The
stereochemical activity of the Sb lone electron pair (opposite to the atom Br2) resulted in a
primary deformation, correlated to the distortion of the [SbBr5]2−square-pyramidal from [5354].Secondary deformations also occurred and are coupled with the hydrogen bond interactions
[55].In addition, distorted square pyramidal geometry confirmed by the τ5 parameter proposed
by Addison and al. [56],= (β-α)/60°), where β and α are the largest coordination
angles and β >α.The C–N bond length varies from 1.487(8) to 1.502(7) Å, while the C–C bond
length varies from 1.494(8) to 1.503(9) Å. These values are comparable with previously
obtained results [57].
Moreover, relatively weak N–H···Br hydrogen bonds (with the shortest N…Br distance of the
order of 3.291 Å) connect the organic cations to the anionic unit (Table 4, Fig.4a and 4b). They
contribute to the distorted square-pyramidal coordination alterations between equivalent Sb–Br
bond lengths and angles. Hydrogen bonds favor the elongation of the terminal Sb–Br bonds in
these atoms.
3. 2. Thermal study
Differential Scanning Calorimetry (DSC) Analysis:
DSC results showed an endothermic peak followed by exothermic ones as illustrated in Fig. 5.
The endothermic peak at 234°C is attributed to the melting point of [C6H18N2]2Sb2Br10 (this
result is confirmed by a measure of this temperature by a Köfler heating Bank), whilst the
exothermic peak at 293°C is assigned to the decomposition of the title compound. [58].

Thermogravimetric analysis (TGA):
The TG/DTG curve of the compound in the 25-600°C rangeis shown in fig.6.The curves
indicate the relationship between temperature change and weight loss of the sample.The TGA
curve shows that no weight losses between 25°C and 245°C and hence this compound is stable
up to about 245°C. It exhibits one-weight loss, around 348°C. This weight loss, which is equal
to 85.12% (calculated weight loss 85.34 %), associated with exothermic peak at 293°C on DSC
curve, corresponds to degradation of the organic entity.

3.3. Morphological characterization:
The

surface

morphology

and

particle

size

of

the

title

compound‘N,

N-

diethylethylendiammoniumdecabromoodiantimoinate(III)’ are given in (Fig.7a and 7b).As can
be seen from this figure, the compound consists of an assembly of crystal fragments having
uniform distribution and a flat surface, which indicates good crystal quality.
The Energy-dispersive X-ray spectroscopy (EDX) spectrum of the title compound revealed the
presence of all non-hydrogen atoms(fig.7c), Table 5 shows the observed and calculated atoms
: antimony, Bromine, Carbon and Nitrogen .
3.4. Hirshfeld Surface
The HS is a useful tool in the exploration of the packing modes and intermolecular contacts.It
allows the visualization and exploration of intermolecular close contacts of a structure[59]. The
Hirshfeld dnorm surface, shape index and curvedness of the [C6H18N2]2 Sb2Br10 are shown in
(Fig.8). The red spots on the top and bottom of the dnorm surface are assigned to the N–H···Br
hydrogen bond which shows 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 π- π stacking interactions in the structure. In addition, it is clear from
the HS that the crystal structure of the title compound does not exhibit any π- π stacking
interaction since there is no evidence of the adjacent red and blue triangles on the shape index
surface (fig.7b)[60].
The interactions of molecules in the asymmetric unit is revealed via the 2D fingerprint maps,
quantified in Fig.9 as a range of 0.6-2.8 A˚ view with the de and di distance scales on the graph
axes, to highlight particular atom pair close contacts. With such a decomposition, it is made
possible to distinguish contributions from different interaction types. Globally, intermolecular
interactions of H/Br, Br/H and H/H were the most present in the crystal packing (68.2% and
19.9% respectively), including four H···Br hydrogen bonds in the structure (Table 4, Fig.

4b).vdW forces are recognized to exert a high influence on the stabilization of the packing in
the crystal structure. While other intercontacts contribute less to the Hirshfeld surfaces: SbBr/Br-Sb (7.9%), Br-Br (3.7%) and Sb-H /H-Sb (0.3%).
The contributions rates corresponding to a variety of contacts in the title crystal structure are
illustrated in Fig.S3. This quantitative conclusion shows that the HBr interactions represent the
important percentage of total surface. The Hirshfeld surfaces certainly allow a detailed scrutiny
by displaying all the intermolecular interactions taking place in the crystal . Crystal engineering
can in fact draw largely upon this methodology.
3.5. Vibrational Study:
In this section, we further investigate the molecular structure of the compound by recording
their experimental and theoretical IR absorption spectra. In Fig 10a and 10b, we present a
superposition of these spectra in the low and high wavenumbers regions, respectively. All
assignments of the observed vibrational modes, presented in Table 4, are done with the aid of
the visual inspection of the wavenumbers calculated by the GaussView05 software [61] and by
comparison with reported bibliographic data done on similar compounds [62-64].
Vibrational analysis results, detailed in table 6, assert the well resolved observed IR bands
which can be a great signature of the highly ordered molecular structure and on the purity of
our compound. As shown in Fig.10b, the experimental spectrum shows a broad IR absorption
band located between 2800 cm-1 and 3200 cm-1. From the calculated wavenumbers, this broad
band seems to be assigned to all asymmetric and symmetric stretching modes of the NH3, CH3,
CH2 and NH groups (see table 7). In the same context, the asymmetric and symmetric
deformation modes of these groups are assigned to the IR peaks between 1400 cm-1 and 1600
cm-1.
Moreover, the wagging and twisting vibrational modes of CH2 groups are assigned to the
bands observed in the 1200 cm-1 - 1400 cm-1 wavenumbers region while the IR bands observed
at 1177 cm-1 and 1108 cm-1 correspond to the rocking mode of the NH3 and CH3 groups,
respectively. The IR band observed at 974 cm-1 and 943 cm-1are assigned to the rocking mode
of CH2 groups and the peaks observed at 785 cm-1 correspond to the deformation mode of the
same group. Finally, the stretching vibrations of the CN and CC bonds in the organic skeleton
are located between 1000 cm-1 and 1100 cm-1, while their corresponding deformation modes
are assigned to the remaining band under 900 cm-1.
3.6. Optical Study:

UV– visible absorption and photoluminescence techniques were used to study the optical
behavior of the material. Moreover, TDDFT theory calculation was carried out and the
theoretical absorption spectrum and electronic transitions were provided. In Fig 11, we gathered
the experimental and theoretical UV-Visible absorption spectra along with the excitation and
emission spectra of the [C6H18N2]2 Sb2Br10 recorded at room temperature. As can be seen, two
absorption bands located at 262 nm (4.73 eV) and 355 nm (3.49 eV) are observed. Also, under
irradiation with a 3.64 eV excitation line, a strong blue luminescence is exhibited by the sample
and observed at room temperature with the naked eye at 430 nm (2.88 eV) [65-68]. Since the
used organic cation do not exhibit any conjugated electrons and seems to be optically
transparent in this wavelength range, we deduced that all the observed features come from
mainly electronic transitions within the inorganic sublattice.
In effect, the observed luminescence is believed to originate from radiative excitonic
recombinations occurring within the bromoantimoinate inorganic part anions, rather than the
organic layers. The UV spectrum shows absorption features typical of antimonite based hybrid
organic-inorganic materials, and the band at 355 nm is assumed to come from the lowest
excitonic state as reported in literature [69-72]. To boost this assumption, the excitation
spectrum recorded at 426 nm, exhibits a sharp peak at 340 nm (3.64 eV) typically characteristic
of the well known Wannier type excitons observed in similar compounds based on SbBr6
octahedrons [69,72]. On the other hand, the higher energy absorption band is attributed to
interband transitions mainly related with some Metal-Centered (MC) transitions as deduced
from previously reported works [73-75]. For the theoretical results, the generated absorption
spectrum from the lowest five electronic transitions is relatively in good agreement with the
experimental absorption spectrum. Those transitions arise between the three highest HOMO’s
and two lowest LUMO’s. All characteristics of such transitions are provided in Table 7 and the
relevant frontier orbital representations in Fig S4. The three transitions computed at 369.93,
354.9 and 319.86 nm (Fig. 11) are in the same range of the observed excitonic band at 355 nm.
From their orbital representations, they correspond to charge redistribution within the SbBr6
octahedrons. On the other hand, the high energetic band at 362 nm is dealing well with the
transitions computed at 273.06 and 251.33 nm which defined as transitions from the HOMO-2
level to LUMO and LUMO+1 levels, respectively. With respect to the frontier orbital
representations, we are able to attribute this band to a charge transfer from the Bromine atoms
to the Antimony atoms within the inorganic sublattice. Here, we worthily note the conformity
between the attributions based on experimental finding and those based on the calculated

electronic transitions. Moreover, as can be seen in Fig S4, the organic cation do not present any
charge distribution in those state and then it don’t contribute in the electronic transitions
observed in this range. Moreover, the computed HOMO-LUMO difference, almost related to
the Gap energy, is about 3.9 eV, and this agree well with our hypothesis for the observed bands
attributions as excitonic and interband transitions.
For more simplicity, a simple model illustrated in the formation and recombination process of
the exciton in [C6H18N2] Sb2Br10 is shown in Scheme1. Under the excitation of 340 nm
irradiation, an electron (-) is excited from the valence band (VB) composed by Sb (5s) +Br (4p)
orbitals to the conduction band (CB) formed by the Sb (5p) orbital, leaving a hole (+) in the
VB. The electron (-) and the hole (+) move freely in the CB and VB, forming an exciton. A
blue emission at 430 nm (3.64eV) is attributed to the recombination of the electron and hole in
the exciton. .
4. CONCLUSION
In the present paper, we have reported the synthesis, structural determination,
photoluminescence and vibrational spectroscopy coupled with the theoretical calculations of a
new organic–inorganic material with the formula (C6H18N2)2Sb2Br10. It crystallizes in
monoclinic system with Centro-symmetricspace groupP21/C. In the crystal structure of this
material, the asymmetric unit built of dimeric [Sb2Br10] which has the geometry of two
octahedrons sharing one edge, in the presence of two N, N-diethylethylendiammoniumcations,
wherein the crystal packing cohesion is ensured by N–H···Br hydrogen bonds, which is
confirmed by Hirshfeld surface analysis. The PXRD fits with single-crystal pattern. On the
other hand, According to IR spectroscopy recorded in the range of [400–4000], the structural
and vibrational characterisitics of the material that were calculated by DFT/B3LYP/LanL2DZ
method are in good correlation with the experimental results. Thermal analysis of the title
compound showed that crystal structure is stable and it does not undergo any phase transition
in the temperature range between 300 and 650 K.
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Figures

Fig.1: The different types of arrangement identified for the [SbyXn + z] n- groups.

Fig.2: PXRD pattern of the compound compared with the calculated.

Fig.3: Projection of the structure in the ab plane. One-dimensional zig-zag ([SbBr5]n)2nchains along the b axis.

(a)

(b)

Fig.4: Projection of the structure in the (a) bc and (b) ac plane. N–H…Br hydrogen bonds.

Fig.5: Calometric study of this compound.

Fig.6: The TG/DTG curve of the compound in the 25-600°C range.

Fig.7: SEM images of the (a) surface morphology and (b) particle size and (c) typical EDX
spectrum of [C6H18N2]2Sb2Br10.

Fig.8:Hirshfeld surfaces mapped with dnorm(a), shape index (b) and curvedness
(c) for the title compound.

Fig.9: 2D fingerprint plots of the title compound.

(a)

(b)

Fig.10: Experimental and theoretical IR absorption spectra of [C6H18N2]2Sb2Br10 in the (a)
low and (b) high wavenumbers regions.

Fig.11: (Black) Experimental and theoretical UV-Visible absorption spectra, (red) emission
and (blue) excitation spectra of [C6H18N2]2Sb2Br10.
Sheme1

Table 1: Crystallographic data of (C6H18N2)2 Sb2Br10
Crystal data
Chemical formula

(C6H18N2)2 Sb2Br10

Mr

1278.96

Crystal system, space group

Monoclinic, P21/c

Temperature (K)

293

a, b, c (Å)

10.7309 (3) , 10.5842 (3), 14.5551
(4)

β (°)

96.962 (3)

V (Å3)

1640.95 (8)

Z

4

Radiation type

Mo Kα ( λ = 0.71073 Å)

μ (mm−1)

13.83

Crystal size (mm)

0.24 × 0.07 × 0.05

Data collection
Diffractometer

Xcalibur, Ruby,
Geminidiffractometer

Absorption correction

multi-scan

Tmin, Tmax

0.751, 0.804

No. of measured, independent and observed [I > 2σ(I)] 23946 ,5076, 3362
reflections
Rint

0.082

hkl range

h = −14 →15
k = −15→13
l = −21→21

Refinement
R [F2> 2σ(F2)], wR(F2), S

0.050 , 0.095 , 1.04

No. of reflections

5076

No. of parameters
Δρmax, Δρmin (e Å−3)

117
0.84 , −1.01

CCDC depositnumber

1842758

Table 2:Experimental and calculated bond lengths (Å) and angles (º).
Inorganic [SbBr6]2-octahedra
Bond
Experimental Theoretical
Sb1-Br1
2.6009 (7)
2.6705
Sb1-Br2
2.6128 (8)
2.8562
Sb1-Br3
2.6074 (7)
2.7770
Sb1-Br4
3.0681 (6)
3.1359
Sb1-Br5
3.2071 (8)
3.2176
Sb1-Br5i
3.2071 (8)
3.2187
Angle
Experimental Theoretical
Br1-Sb1-Br2 92.81 (3)
96.69
Br1-Sb1-Br3 89.29 (2)
91.52
Br4-Sb1-Br1 187.84 (2)
166.54
Br5-Sb1-Br1 94.89 (3)
107.66
Br3-Sb1-Br2 92.68 (2)
92.80
Br4-Sb1-Br2 88.32 (2)
86.63
Br2-Sb1-Br5 88.01 (2)
86.58
Br3-Sb1-Br4 90.38 (4)
91.49
Br3-Sb1-Br5 175.71 (2)
164.88
Br4-Sb1-Br5 85.41 (2)
80.26
Br3-Sb1-Br5i 93.78 (1)
102.02
Br1-Sb1-Br5i 92.87 (2)
96.64
Br2-Sb1-Br5i 171.43(3)
149.56
Br5-Sb1-Br5i 85.13(3)
57.90
Br4-Sb1-Br5i 86.02(2)
83.49

Organic [C6H18N2]2+ cation
Bond
Experimental Theoretical
C2-C1
1.503 (9)
1.533
N008-C2
1.496 (7)
1.528
N008-C3
1.502 (7)
1.539
C3-C4
1.499 (9)
1.532
N008-C5
1.499 (7)
1.533
C5-C6
1.493 (8)
1.531
N007-C6
1.488 (8)
1.518
Angle
Experimental Theoretical
C4-C3-N008 114.1 (5)
115.77
C1-C2-N008 113.97(5)
113.96
C6-C5-N008 116.2 (5)
117.62
C2-N008-C5 110.2 (5)
108.22
N007-C6-C5 113.1 (5)
113.73
C5-N008-C3 113.3 (5)
114.18
C2-N008-C3 113.9 (5)
115.23

Table 3: Distances Sb-Br (Å) of synthesized antimonite compounds.
Sb-Br(Å)
Compound
[C6H18N2]2 Sb2Br10

MIN
2.67

MAX
3.22

(C4H12N2)2[Sb2Br10]·2H2O

2.57

3.25

(4-BrPyH)2SbBr5 [51]

2.64

3.05

4,40-C10H8N2H2)SbBr5

2.61

3.16

(4-CH3PyH)2SbBr5

2.63

3.19

Table 4: Principal interatomic distances (Å) and bond angles (°) of the hydrogen bonding
scheme.
D—H···A

D—H

H···A

D···A

D—H···A

N007—H00A···Br3(i)

0.89

2.58

3.422 (4)

158

N007—H00B···Br5

0.89

2.60

3.374 (4)

145

(ii)

N007—H00C···Br5

0.89

2.42

3.291 (4)

167

N008—H00B···Br4(iv)

0.91

2.69

3.424 (4)

139

Symmetry code ; (i) -x , 1-y ,-z; (ii) -x, 1/2+y, 1/2-z; (iii) -x, -1/2+y, 1/2+z
Table 5 : observed and calculated SEM and Elemental analyses of the compound .
Experimental (%)

Theoretical(%)

2.61
12.07
61.78
23.54

2.53
12.10
61.75
23.62

Element
antimony
Bromine
Carbon
Nitrogen

Table 6:Experimental and theoretical IR absorption wavenumbers (cm-1) and corresponding
assignments.
Experimental
3157

Theoretical
3156

Assignments
νa (NH3)

3125

-

νs (NH3)

3070

3052

νa (CH2)

3038

3030

νa (CH3)

2998

2979

νs (CH2)

2972

2940

νs (CH3)

2930

2928

ν (N-H…Br)

2836

2858

ν (NH)

1640
1576

1658
1579

δa (NH3)

1549

1550

δs (NH3)

1506

1500

δ (CH2)

1484
1463

1477
1466

δa (CH3)

1451

1443

δ (CH2)

1437

1431

δ (NH)

1401

1404

δs (CH3)

1382
1354
1322

1386
1365
1341

ω (CH2)

1311
1267
1262

1305
1288
1259

t (CH2)

1177

1182

ρ (NH3)

1429

1167
1150

1161

1108

1115

1088

1101

1062

1065

ν (CN)

1049

1054

ν (CC)

1029

1024

ν (CN)

ρ (CH3)

1006

1002

ν (CC)

974
943

984
958

ρ (CH2)

888

861

δ (CNC)

866
845

846
825

δ (CCN)

804

791

δ (CNC)

785

773

δ (CH2)

720
491
???

687
531
492
432

δ (CNC)

Abbreviations:ν: stretching; νas: asym stretching; νs: sym stretching; δ: scissoring;ρ: rocking;ω:
wagging; t:twisting.

Table 7: Observed absorption bands and computed electronic transitions from TDDFT
calculation.
Experimental
λmax (nm)
355

262

Transition (nm)
369.93
354.90
319.86
273.06
251.33

Theoretical
Oscillator strength Attribution*
0.0582
HOMO → LUMO (91%)
0.0338
HOMO → LUMO+1 (91%)
0.0270
HOMO-1 → LUMO (83%)
0.0393
HOMO-2 → LUMO (84%)
0.2642
HOMO-2 → LUMO+1 (80%)

* HOMO = High Occupied Molecular Orbital; LUMO = Low Occupied Molecular Orbital.

