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ABSTRACT

Three organophosphorus mercury (II) coordination compounds [Hgz(u-X)2Xz(PPhs)2] {X: I
(1), Br (2), and CI (3)} have been synthesized by the reaction of mercury (II) halides with
triphenylphosphine. The prepared complexes were characterized by spectroscopic
techniques as well as by elemental analysis. The crystal structure of [Hgz(-1)212(PPhs)2] (1)
was obtained by single-crystal X-ray diffraction study. Crystal data for [Hgz(p-I)212(PPhs)z],
CssH3oHgz14P2: Monoclinic, space group P21/c (no. 14), a = 19.2115(13) A, b = 11.1291(8) A,
c=19.0599(14) A, f=90.461(2)°, V=4075.0(5) A3, Z= 4, T=293.15 K, u (MoKa) = 10.657
mm-1, Dcalc = 2.336 g/cm3, 46095 reflections measured (4.23° < 20 < 49.994°), 7182 unique
(Rint = 0.0563, Rsigma = 0.0365) which were used in all calculations. The final R1 was 0.0322 (I
> 20(1)) and wR2 was 0.0780 (all data). The single crystal analysis of [Hgz(p-1)212(PPhs)2]
complex revealed that it has dimeric structure with bridged halides. [Hgz(p-1)212(PPhs)z]
complex has also a supramolecular arrangement through I---H-C interactions. The crystal
packing and supramolecular features of these coordination compounds have also been
studied using geometrical analysis, Hirshfeld surface analysis and DFT studies. Hirshfeld
surface analysis indicated that H---H (49.3%), C---H (10.6%), and I---H (12.8%) interactions
are the primary contributors to the intermolecular stabilization in the crystal. The
equilibrium geometries of the studied complexes are investigated theoretically at the
B3LYP/LANL2DZ level of theory. The calculated energy gap between HOMO-LUMO orbitals
for complexes 1, 2, and 3 are in the trend of complex 3 > 2 > 1.
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Triphenyl phosphine ligand
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1. Introduction

Mercury is a toxic and hazardous heavy metal, and it can
easily coordinate with S, N, and P-containing ligands. Mercury
phosphine complexes embody a wide range of structural types
[1]. Besides, mercury (II) halides are compounds of current
interest due to their possible applications as materials with
nonlinear optical properties [2]. Due to these features,
understanding the coordination chemistry of the mercury (II)
ion is crucial for the rational development of materials with
specific biological and physical properties [2,3]. The tolerance
for many different coordination numbers and geometries is
typical of the coordination chemistry of mercury (II) ions. The
mercury (II) ion is a distinctly ‘soft’ cation, showing a strong
preference for Cl, Br, I, P, S and N-type ligands [4,5]. Recently,
efforts have been made to better understand the coordination
properties of this metal ion. In the course of these investi-
gations, a quite unexpected sevenfold coordination of a
hydrated mercury (II) complex in aqueous solution has been
revealed [6]. Moreover, there are some examples reported in
the literature describing the influence of weak intermolecular
interactions on the coordination geometry of the metal center
and the formation of unusual coordination geometries around
the mercury (II) ion [7-15]. Several of phosphate acid

complexes have been studied as promising materials for second
harmonic generation [16,17]. A literature survey reveals that to
the best of our knowledge, no DFT wavenumber and structural
parameter calculations of the title compound have been
reported so far. This inadequacy observed in literature and the
absence of the center of symmetry of the studied compound
encouraged us to undertake this experimental and theoretical
work. In recent years, density functional theory (DFT) has been
a shooting star in theoretical modeling [18-25]. The develop-
ment of a better exchange-correlation functional made it
possible to calculate many molecular properties with compa-
rable accuracy to traditional correlated ab initio methods, with
more favorable computational costs [24]. Literature survey
revealed that the DFT has a great accuracy in reproducing the
experimental values in terms of geometry, dipole moment,
vibrational frequency, etc. [26,27]. Hirshfeld surface-based
tools appear as a novel approach to this end [28-34].

We report here the synthesis and characterization of three
halide bridged mercury (II) complexes [Hgz(t-X)2X2(PPhs)z] {X:
[ (1), Br (2), and Cl (3)} containing the triphenylphosphine
ligand. The single crystal structure of complex 1 was obtained
and its simulated powder pattern was compared with the
powder X-ray diffraction (XRD) data of the other two
derivatives (2 and 3). We also compared obtained data with the
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literature [35]. These coordination compounds were studied
using geometrical analysis, Hirshfeld surface analysis, and DFT
studies, helping us to compare with each other. The equilibrium
geometry and other properties of the studied complexes are
investigated theoretically at the B3LYP/LANL2DZ level of
theory.

2. Experimental
2.1. Materials and physical measurements

All chemicals used in this study were purchased from
Aldrich Chemical Company, USA, and Across Chemical
Company, USA, and used without further purification unless
otherwise mentioned. The melting point was determined by an
electro-thermal IA9000 series digital melting point apparatus
and is uncorrected. Microanalyses were carried out using a
Perkin-Elmer 240011 elemental analyzer. Infrared (IR) data was
collected on Nicolet Magna-IR (Series 1I) by KBr disc by
scanning from 4000 to 400 cm. Solution electronic spectra
(200-800 nm) were recorded by Shimadzu UV-160A
spectrophotometer using dimethylformamide (DMF) as
solvent. 'H and 13C NMR data were recorded on a Bruker
Advance 300 MHz and 75 MHz spectrometer, respectively, in
DMSO-ds as solvent and TMS as standard. X-ray powder
patterns are collected on a Philips PW-1710 automated
diffractometer.

2.2. Synthesis of the complexes
2.2.1. Synthesis of [Hgz(p-1)z1z(PPhs):] (1)

Triphenylphosphine (0.262 g, 1 mmol) was dissolved in
CHsCN (40 mL). To this colorless solution, mercury iodide
(0.454 g, 1 mmol) in 30 mL CHzCl; was added. The reaction
mixture was stirred at room temperature for 3 h to obtain a
clear solution. The solution was evaporated to obtain white,
blocked shaped single crystals, suitable for X-ray analysis. The
obtained products were washed with 5 mL of CH2Cl; and dried
in air. Color: White. Yield: 80.75%. M.p.: >200 °C. FT-IR (KBr, v,
cm1): 3429(b), 2919 (w), 2362 (s), 2162(vs), 2013 (s), 1917
(m), 1507 (m), 1366 (m), 844 (m), 405 (vs). 1H NMR (300 MHz,
DMSO-ds, 8, ppm): 7.51-8.67 (m, 15H, Ar-H). 13C NMR (75 MHz,
DMSO-ds, 8, ppm): 126.04,129.61, 133.38, 133.49. Anal. calcd.
for CseHsoHgzl4P2: C, 30.17; H, 2.11. Found: C, 30.58; H, 2.05%.
UV/Vis (DMF, Amax, nm, (€)): 292 (0.062).

2.2.2. Synthesis of [Hgz(u-Br)zBrz(PPhs):] (2)

Triphenylphosphine (0.262 g, 1 mmol) was dissolved in
CH3CN (40 mL). To this colorless solution, mercury bromide
(0.360 g, 1 mmol) in 30 mL CH2Clz was added. The reaction
mixture was stirred at room temperature for 3 h to obtain a
clear solution. The solution was evaporated to obtain white,
blocked shaped single crystals, suitable for X-ray analysis. The
obtained products were washed with 5 mL of CH2Cl; and dried
in air. Color: White. Yield: 79%. M.p.: >200 °C. FT-IR (KBr, v, cm-
1): 3415(b), 3046 (w), 2366 (s), 2164 (vs), 2019 (s) 1931 (m),
150 5(s), 1374 (m), 1105 (w), 869 (s), 435 (w). 1H NMR (300
MHz, DMSO-ds, 8, ppm): 7.96-8.75 (m, 15H, Ar-H). 3C NMR (75
MHz, DMSO-d¢, §, ppm): 127.17,130.33, 133.89, 134.52. Anal.
calcd. for C3sH3oHg2BraP2: C, 34.72; H, 2.43. Found: C, 34.99; H,
2.51%. UV /Vis (DMF, Amax, nm, (€)): 295 (0.060).

2.2.3. Synthesis of [Hgz(u-Cl)zClz(PPhs):] (3)
Triphenylphosphine (0.262 g, 1 mmol) was dissolved in

CH3CN (40 mL). To this colorless solution, mercury chloride
(0.270 g, 1 mmol) in 30 mL CH2Clz was added. The reaction

mixture was stirred at room temperature for 3 h to obtain a
clear solution. The solution was evaporated to obtain white,
blocked shaped single crystals, suitable for X-ray analysis. The
obtained products were washed with 5 mL of CH2Clz and dried
in air. Color: White. Yield: 74.72%. M.p.: >200 °C. FT-IR (KBr, v,
cm1): 3392 (b), 3042 (w), 2361 (s), 2169 (vs), 2014 (s), 1921
(m), 1545 (m), 1506 (s), 1366 (m), 1248 (w), 864 (s), 438(w).
'H NMR (300 MHz, DMSO-ds, 8, ppm): 7.57-8.73 (m, 15H, Ar-H).
13C NMR (75 MHz, DMSO-ds, 8, ppm): 126.25, 129.83, 133.59,
133.72. Anal. calcd. for C3sH30Hg2Cl4P2: C, 40.50; H, 2.83. Found:
C,40.67; H, 2.69%. UV /Vis (DMF, Amax, nm, (€)): 297 (0.061).

2.3. X-Ray crystallography

X-ray single crystal data are collected at room temperature
(298 K) using MoKa (A = 0.71073 A) radiation on a Bruker APEX
II diffractometer equipped with CCD area detector. Data
collection, data reduction, structure solution/refinement are
carried out using the software package of SMART APEX [36].
The structures are solved by direct methods (SHELXS-97) and
standard Fourier techniques, and refined on F2 using full matrix
least squares procedures using the SHELX-97 package [37]
incorporated in WinGX [38]. Non-hydrogen atoms are treated
anisotropically. The hydrogen atoms are geometrically fixed.
The crystallographic details of complex 1 have been summa-
rized in Table 1, and the selected bond lengths and angles of
complex 1 are listed in Table 2.

2.4. Theoretical calculations

The quantum chemical calculations were carried out using
Gaussian 09 program [39]. Possible ground state structures
have been optimized with density functional theory (DFT) at
B3LYP/LANL2DZ. GaussView 5 program [40] was used for the
visualization of the studied systems.

2.5. Hirshfeld Surface calculations

Hirshfeld surface analysis helps as a powerful set-up for
obtaining additional insight into the intermolecular interaction
of molecular crystals. The size and shape of Hirshfeld surface
allows the qualitative and quantitative study and imagining of
intermolecular close contacts in molecular crystals [41]. The
Hirshfeld surface enclosing a molecule is defined by a set of
points in 3D space where the contribution to the electron
density from the molecule of interest is equal to the
contribution from all other molecules. Molecular Hirshfeld
surfaces are constructed based on the electron distribution
calculated as the sum of spherical atom electron densities [42].
Thus, an isosurface is obtained, and for each point of the
isosurface two distances can be defined: d., the distance from
the point to the nearest atom outside to the surface, and di, the
distance to the nearest atom inside to the surface. Moreover, the
identification of the regions of particular importance to
intermolecular interactions is obtained by mapping normalized
contact distance (dnorm), expressed as: dnorm = (di-
rivaw) /rivdw+(de-revdw) /revdw; where rivdw and revdw are the van der
Waals radii of the atoms [43]. The value of dnorm is negative or
positive when intermolecular contacts are shorter or longer
than rvidw, respectively. Graphical plots of the molecular
Hirshfeld surfaces mapped with dnorm employ the red-white-
blue color scheme, where red color indicates the shorter
intermolecular contacts, white color show the contacts around
the rvdw separation, and blue color is used to indicate the longer
contact distances. Because of the symmetry between de and di
in the expression for dnorm, where two Hirshfeld surfaces touch,
both will display a red spot identical in color intensity as well as
size and shape [44].
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Table 1. Crystal data and structure refinement for [Hgz(pi-1)212(PPhs)2] (1).

Compound [Hgz(p-1)212(PPhs):] (1)
CCDC No 1053733

Empirical formula C3eH3oHg2l4P2
Formula weight 1433.32
Temperature (K) 293.15

Crystal system Monoclinic

Space group P21/c

a(4d) 19.2115(13)

b (A) 11.1291(8)

c(h) 19.0599(14)

B 90.461(2)

Volume (A3) 4075.0(5)

Z 4

Pcalc (g/Cm3) 2.336

p (mm-1) 10.657

F(000) 2592.0

Crystal size (mm3) 0.21x0.17 x0.11
Radiation MoKa (A =0.71073)

20 range for data collection (°)
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F2

Final R indexes [I>=20 (I)]
Final R indexes [all data]

4.23 t0 49.994
22<h<22,-13<k<12,-22<1<22
46095

7182 [Rin = 0.0563, Reigma = 0.0365]
7182/0/397

1.012

R: = 0.0322, wR; = 0.0700

R1 = 0.0494, wR; = 0.0780

Largest diff. peak/hole (e.A3) 0.84/-1.22

Table 2. Selected bond distances (A) and angles (°) for complexes 1, 2 and 3.

Comp. Bonddistance Experimental Theoretical Bond angle Experimental Theoretical Bondangle Experimental Theoretical
X-ray B3LYP/ X-ray B3LYP/ X-ray B3LYP/
diffraction LANL2DZ diffraction LANL2DZ diffraction LANL2DZ

1 Hgl-11 2.8397(6) 2.839 11-Hg1-12 95.827(15) 95.830 C1-P1-Hgl 110.4(2) 110.4

Hgl-12 2.9539(6) 2.953 13-Hg1-11 110.072(19) 110.073 C7-P1-Hgl 110.9(2) 1111
Hgl-I13 2.6745(6) 2.674 13-Hg1-12 106.570(18) 106.580 C13-P1-Hgl 113.7(2) 114.0
Hgl-P1 2.4739(17) 2474 P1-Hgl-I11 110.24(4) 110.240 C19-P2-Hg2 112.4(2) 112.4
Hg2-11 2.9784(6) 2.978 P1-Hgl-12 102.71(4) 102.711 C25-P2-Hg2 111.0(2) 111.2
Hg2-12 2.8506(6) 2.851 P1-Hg1-13 126.53(4) 126.532 C31-P2-Hg2 109.9(2) 110.2
Hg2-14 2.6673(5) 2.667 12-Hg2-11 95.050(15) 95.051 C14-C13-P1  122.5(6) 122.5
Hg2-P2 2.4616(17) 2.462 14-Hg2-11 107.988(18) 108.025 C18-C13-P1  118.0(6) 118.0
P1-C1 1.799(7) 1.800 14-Hg2-12 106.700(18) 107.120 C2-C1-P1 117.8(5) 118.1
P1-C7 1.794(7) 1.794 P2-Hg2-I11 100.57(4) 100.57 C6-C1-P1 122.4(6) 122.4
P1-C13 1.792(7) 1.792 P2-Hg2-12 112.46(5) 112.460 C20-C19-P2  122.3(6) 122.3
P2-C19 1.803(7) 1.803 P2-Hg2-14 128.53(4) 128.532 C24-C19-P2  118.3(6) 1183
P2-C25 1.799(7) 1.799 Hgl-11-Hg2 84.432(14) 84.432 C26-C25-P2  122.3(6) 122.3
P2-C31 1.811(8) 1.811 Hg2-12-Hg1 84.691(14) 84.691 C30-C25-P2  118.3(5) 118.3
2 Hgl-Brl 2.850 Br1-Hgl-Br2 95.050 C1-P1-Hgl 109.9
Hg1-Br2 2978 Br3-Hgl-Brl 106.584 C7-P1-Hgl 110.8
Hgl-Br3 2.580 Br3-Hgl-Br2 108.081 C13-P1-Hgl 114.0
Hgl-P1 2.461 P1-Hgl-Brl 126.579 C19-P2-Hg2 112.1
Hg2-Brl 2.839 P1-Hg1-Br2 102.703 C25-P2-Hg2 110.9
Hg2-Br2 2.954 P1-Hg1-Br3 100.569 C31-P2-Hg2 110.2
Hg2-Br4 2.580 Br2-Hg2-Brl 108.021 C14-C13-P1 122.3
Hg2-P2 2.474 Br4-Hg2-Brl 112.442 C18-C13-P1 122.2
3 Hg1-Cl1 2.839 Cl1-Hg1-ClI2 102.703 C1-P1-Hgl 109.7
Hg1-Cl2 2.954 CI3-Hg1-Cl1 95.837 C7-P1-Hgl 110.6
Hg1-CI3 2.430 CI3-Hg1-CI2 95.050 C13-P1-Hgl 113.9
Hgl-P1 2.474 P1-Hgl-Cl1 126.579 C19-P2-Hg2 1119
Hg2-Cl1 2.850 P1-Hg1-Cl2 110.207 C25-P2-Hg2 110.6
Hg2-CI2 2.978 P1-Hg1-CI3 100.569 C31-P2-Hg2 110.0
Hg2-Cl4 2.954 Cl2-Hg2-Cl1 84.679 C14-C13-P1 122.1
Hg2-P2 2.430 Cl4-Hg2-Cl1 84.434 C18-C13-P1 122.0

The combination of de and di in the form of a 2D fingerprint
plot provides a summary of intermolecular contacts in the
crystal and are in complement to the Hirshfeld surfaces. Such
plots provide information about the intermolecular interac-
tions in the immediate environment of each molecule in the
asymmetric unit. Moreover, the close contacts between
particular atom types can be highlighted in so-called resolved
fingerprint plots, which allow the facile assignment of an
intermolecular contact to a certain type of interaction and
quantitatively summarize the nature and type of intermolecular
contacts. Two additional colored properties (shape index and
curvedness) based on the local curvature of the surface can also
be specified. The Hirshfeld surfaces are mapped with dnorm,
shape-index, curvedness and 2D fingerprint plots (full and

resolved) presented in this paper were generated using Crystal
Explorer 3.1 [45].

2.6. Molecular electrostatic potential

The molecular electrostatic potential (MEP) at a given point
around a molecule can be defined in terms of the total charge
distribution of the molecule and related to the dipole moments.
It provides a method to understand the electron density which
is useful for determining the electrophilic reactivity and
nucleophilic reactivity as well as hydrogen-bonding interac-
tions [46,47].
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X: 1 (1), Br (2) and CI (3)

Scheme 1. Synthetic routes for the synthesis of complexes 1, 2 and 3.

Figure 2. Supramolecular arrangements in [Hgz(p-1)212(PPhs)z2] (1) through I---H-C-interaction.

3. Results and discussion
3.1. Synthesis aspects of the complexes

The organophosphorus complexes 1, 2, and 3 have been
synthesized as white crystalline solids by the reaction of HgXz
(X: I, Br, and ClI) and PPhsin 1:1 proportion in good yield in
acetonitrile medium (Scheme 1). Earlier, Dadrass et al. [35]
reported the syntheses of these complexes, but their synthetic
methods were more tedious and less economical. These had
been prepared by the nucleophilic substitution reaction of
triphenylphosphine ligand with tri(p-tolyl)phosphinehalide
complexes using dry solvent methanol and diethyl ether, and

recrystallized from chloroform diethyl ether. Its reaction time
was also much longer than our reaction time.

3.2. Structural description of complex 1

Single crystal XRD analysis revealed that the [Hga(u-
)212(PPhs)2] (1) crystallized in monoclinic P21/c space group.
The molecular structure of the complex is shown in Figure 1.
The complex 1 is stabilized by C-H--I interactions (C9-H9---14
and C11-H11---11) (Figure 2). The sp3 hybridized Hg (II) ion in
the complex 1 adopted a tetrahedral coordination environment
with one short Hg-I bond at distance 2.6745(6) A, one Hg-P
bond at distance 2.4739(17) A and two asymmetric bridging
Hg-I bonds at distances 2.8397(6) and 2.9539(6) A.
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Table 3. HOMO and LUMO energy values for complexes 1, 2 and 3.

Complex HOMO (eV) LUMO (eV) Band Gap (HOMO-LUMO) (eV)
[Hg2(pu-1)212(PPhs)2] (1) -8.2737 -0.7877 7.4860
[Hg2(p-Br)2Brz(PPhs)2] (2) -9.0364 -0.8380 8.1984
[Hg2(u-C1)2Cl2(PPhs)2] (3) -9.5049 -0.8525 8.6524

Compound [Hgz(p-1)212(PPhs)2] (1)

[Hgz(pn-Br)2Brz(PPhs):] (2)

[Hgz(pn-C1)2Cl2(PPhs)2] (3)

HOMO

Figure 4. Hirshfeld surfaces of complex 1, (a) 3D dnorm surface, (b) Shape index, (c) curvedness.

The internuclear distances between mercury atoms were
found to be 3.911(2) A, which was much longer than the sum of
van Der Waals radius (1.50 A) of the two mercury atoms
[35,48]. This indicated that the absence of significant bonding
interactions between the mercury atoms in the molecular
structure of complex 1. Some other important bond lengths and
bond angles represented in Table 2.

3.3. Theoretical investigations

The geometry of the organophosphorus complexes, [Hgz(p-
X)2X2(PPhs)2] {X: I (1), Br (2), and Cl (3)} have been optimized
and the calculated structures have C1 symmetry. The final
optimized structure parameters are listed in Table 2. The
highest occupied molecular orbital (HOMO)-the lowest
unoccupied molecular orbital (LUMO) gap is an important
parameter to characterize the chemical reactivity and kinetic
stability of any compound [49]. It is a well-known fact that the
energy gap retains a close connection with some molecular
properties [50]. A soft molecule has a small HOMO-LUMO gap
energy, more polarizable, high chemical reactivity, and low
kinetic stability. The surface plots of HOMO and LUMO of the
complexes 1, 2, and 3 have been displayed in Figure 3 with their
energy values. The energies of LUMO and HOMO of the
complexes 1, 2, and 3 have been shown in Table 3. The
calculated energy gap between the latter orbitals for complex 1
containing iodine is smaller than that for other complexes and
the trend is as Cl (3) > Br (2) > I (1). The most important

requisites in this kind of interaction are contributed from the
partial charge transfer between the highest occupied molecular
orbital (HOMO) of one component and the lowest unoccupied
molecular orbital (LUMO) of another.

3.4. Molecular Hirshfeld surfaces

The Hirshfeld surface emerged from an attempt to define
the space occupied by a molecule in a crystal for the purpose of
partitioning the crystal electron density into molecular
fragments. The Hirshfeld surface is a suitable tool for describing
the surface characteristics of molecules. The molecular
Hirshfeld surfaces of complex 1 were generated using a
standard (high) surface resolution with the 3D dnorm surfaces
mapped over a fixed color scale of -0.22 (red) to 1.4 A (blue).
The shape index mapped in the color range of -0.99 to 1.0, and
Curvedness was in the range of -4.0 to 0.4. The surfaces were
shown to be transparent to allow visualization of the molecular
moiety in a similar orientation for all structures around which
they were calculated. The molecular Hirshfeld surface (dnorm,
Shape index, and Curvedness) of complex 1 has been shown in
Figure 4.

The Hirshfeld surface analysis showed that complex 1 has
H-:-H, C---H, and I---H interactions with 49.3, 10.6, and 12.8%,
respectively, which revealed that the main intermolecular
interactions were H---H. The C---H and I---H interactions were
represented by a small area in the 2D fingerprint region plot
(Figure 5).
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Figure 5. 2D fingerprint plots of complex 1, (a) standard full, (b) resolved into H-:-H, (c) resolved into C---H and (d) I::-H contacts, showing the percentages of

contacts contributing to the total Hirshfeld surface area of the molecule.

[Hgz(pn-1)212(PPhs)2] (1)

[Hgz(u-Br):Brz(PPhs):] (2)

[Hg2(u-C1)2Clz(PPhs):] (3)

Figure 6. Molecular electrostatic potential (MEP) of complexes 1, 2, and 3.

Therefore, this finding indicates that the significance of
these contacts in the packing arrangement of the crystal
structure of complex 1. Based on these findings, the detailed
model may be constructed showing the prominent short-range
intermolecular contacts that are responsible for the packing
arrangement and formation of the three-dimensional network
structure.

3.5. Molecular electrostatic potential

The molecular electrostatic potential (MEP) at a given point
p(xy,z) in the vicinity of a molecule is the force acting on a
positive test charge (a proton) located at p through the
electrical charge cloud generated through the molecules
electrons and nuclei. Different values of the electrostatic
potential at the surface are represented by different colors. The
potential increases in the following order: red < orange <
yellow < green < blue. The negative electrostatic potential
corresponds to an attraction of a proton by the aggregate
electron density in the molecule (shades of red and yellow) and
the positive electrostatic potential corresponds to the repulsion
of a proton by the nuclei (shades of blue). The molecular
electrostatic potentials (MEP) of the organophosphorous
complexes 1, 2, and 3 are shown in Figure 6. One-third of the

molecules of complexes 2 and 3 have reddish yellow in color
because of the unequal distribution of electron density over
these molecules. As can be seen from Figure 6, the negative
electrostatic potential regions are mainly localized over the
halide group and are possible sites for electrophilic attack
except [Hgz(p-1)212(PPhs)2].

3.6. Mulliken atomic charge

The Mulliken charges quantify how the electronic structure
changes under atomic displacement; therefore, it is related
directly to the chemical bonds present in the molecule. The
Mulliken charges are explicitly sensitive to the basis set choice.
In principle, a complete basis set for a molecule can be spanned
by placing a large set of functions on a single atom. In the
Mulliken scheme, all the electrons would then be assigned to
this atom. The method thus has no complete basis set limit, as
the exact value depends on the way the limitis approached. This
also means that the charges are ill defined, as there is no exact
answer. As a result, the basis set convergence of the charges
does not exist, and different basis set families may yield
drastically different results. Mulliken charges affect the dipole
moment, polarizability, electronic structure, and more
properties of molecular systems.
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Figure 8. Mulliken atomic charge distribution of the organophosphorus complexes 1 (a), 2 (b) and 3 (c).

Molecular structure of complex 1 with atom labelled form
for Mulliken atomic charge is shown in Figure 7. The Mulliken
population analysis for the complexes is calculated using
B3LYP/LANL2DZ. The Mulliken charge distribution structure of
the complexes is shown in Figure 8.

3.7. The powder XRD of the complexes 1, 2, and 3

We have obtained single crystal X-ray diffraction quality
crystals only for the complex 1. From the X-ray analysis, its
structure is a centrosymmetric dimeric structure and metal
center bridged with two iodide groups.
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Figure 9. Comparison of powdered XRD of the complexes 1, 2 and 3.

For the rest two complexes 2 and 3, we have prepared the
semicrystalline solid. To determine the structures of complexes
2 and 3, we have matched the powder diffraction data of
complexes 2 and 3 with the simulated powder data obtained
from the single crystals of complex 1 and found that they are in
good agreement (Figure 9). Moreover, the theoretically
calculated bond distances and bond angles of complexes 2 and
3 are also in good agreement with those data of the single
crystal structure of complex 1. Therefore, we can conclude that
complexes 2 and 3 are also halide bridged dimers.

4. Conclusion

Herein, exploiting the reaction between triphenyl
phosphine and mercury halides, organophosphorus
compounds of mercury (II) halides (1, 2, and 3) have been
synthesized and characterized by elemental analysis, FTIR,
NMR and DFT studies. [Hgz(p-1)212(PPhs)2] (1) has been also
characterized by a single crystal X-ray diffraction study. The
metal centers in complex 1 were bridged by two iodide groups.
The matching of X-ray powder patterns of the prepared
complexes revealed that complexes 2 and 3 are also a similar
structure with complex 1. The Hirshfeld surface analysis of the
complex 1 showed H-:-H, C---H, and I---H interactions of 49.3,
10.6, and 12.8%, respectively. The calculated energy gap
between HOMO-LUMO orbitals for complexes 1, 2, and 3 are in
thetrendof3>2>1.
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