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Abstract: The aim of the current study is to prepare organomercury and
organotellurium compounds containing amino groups such as [1,1-biphenyl]-4-amine
and their derivatives by a mercuriation reaction. The research includes the preparation
of a new organotellurium compound based on [1,1-biphenyl]-4-amine. C;;H;,uNHgCI (A)
was obtained by mercuriation reaction to [1,1-biphenyl]-4-amine by mercuric acetate
and lithium chloride. C;;HoBrsNTe (B), CyHyN:Br,Te (C), CyHxN,Te (D), and
C2:HxN:Te, (E) were prepared by different reactions to get the corresponding compounds.
All the prepared ligands were characterized by using infrared spectroscopy and mass
spectroscopy. DFT has been obtained by the basis set 3-21G to investigate the molecular
structure of the new prepared organotellurium compounds. HOMO and LUMO surfaces,
geometrical structure, and energy gap have been obtained throughout the geometry
optimization. Finally, the electron affinity, electronegativity, electrophilicity, ionization
potential, and lower case of organotellurium compounds have been calculated and
discussed. The result of the chemical analysis showed that it agreed with the proposed
chemical structures, and a theoretical study using DFT has concluded that more stability
of the prepared organotellurium compounds.

Keywords: organotellurium; 4-amino biphenyl; ditelluride; organyl tellurium
dibromide

= INTRODUCTION

Tellurium belongs to the family of chalcogens in the

applications in both inorganic and organic chemistry [3-
4]. Tellurium is derived from the Latin word tellus,
which means earth, and was discovered by the scientist,

sixth group of the periodic table, which is the oxygen
group itself. It is a metalloid with atomic number 52 and
has five known oxidation states -1, -2, +2, +4, and +6 [1].
Tellurium is a toxic element, but it has existed in the
human diet, where it is used in some side metabolic
processes [2]. The low natural abundance of the element
tellurium has partly been reflected in the scant interest
attached to it. Based on old studies, the structures and
reactions of tellurium compounds can be extrapolated by
studying the behavior of analogs of other lighter
chalcogens such as Sulfur and Selenium. In fact, recent
results and well-established observations clearly show
that this assumption or concept is invalid; the emerging
importance of the unique properties of tellurium
compounds from a variety of their known and potential

Reichenstein, in 1782 from ores extracted from the gold
regions of Transylvania [5-6]. For the element tellurium,
there are a number of stable isotopes, of which there are
eight stable isotopes (Te-120, Te-122, Te-123, Te-124,
Te-125, Te-126, Te-128, and Te-130) in addition to
twenty-one synthetic isotopes that take the cluster shape
in their structures [7-8]. Despite the relative abundance
of tellurium in the human body, nevertheless, the diverse
activities of tellurium agents in both cancerous and
normal cells are important, though highly complex [2,9].
The element tellurium is similar to selenium in terms of
its structural formula, but it has a more distinct metallic
character than selenium. It has an anisotropic crystalline
structure consisting of long helical chains of atoms
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arranged symmetrically, each atom having four bonds
with its nearest neighbors in adjacent chains [10].
Tellurium is a great significant element for research
purposes in the modern era of its entry into the
[11-12].
compounds are also used in the field of the plastics and

manufacture of nano-devices Tellurium
rubber industry to add hardness to electronic industries,
optics, and the ceramics industry. Also, it is utilized in
petroleum refining and petrochemical industries. Other
uses of tellurium are in the manufacture of crackers and
fireworks as an explosive material [13-15].

In this work, we synthesized a new organometallic
compound type organomercury and organotellurium
namely (4-amino-[1,1'-biphenyl]-3-yl)mercury(II) chloride
hereinafter referred to as compound A, 3-(tribromo-\*-
tellanyl)-[1,1'-biphenyl]-4-amine hereinafter referred to
as compound B, 3,3'-(dibromo-A*-tellanediyl)bis([1,1'-
biphenyl]-4-amine) hereinafter referred to as compound
C, 3,3"-tellurobis([1,1'-biphenyl]-4-amine) hereinafter
referred to as compound D, and 3,3"-ditellanediyl
bis([1,1'-biphenyl]-4-amine) hereinafter referred to as
then the
organotellurium compound (B-E) has been investigated

compound E, molecular structure of
theoretically by the DFT with a good agreement of

theoretical results.

m EXPERIMENTAL SECTION
Materials

The chemicals used in this study included ethanol

absolute, bromine, sodium metal, lithium chloride
(Sigma-Aldrich), glacial acetic acid, mercuric acetate,
hydrate, (Fluka),
potassium  hydroxide, tellurium powder

hydrochloric acid (HGB).

dioxane chloroform,

(BDH),

hydrazine

Instrumentation

Infra-red spectra were recorded with KBr disks
utilizing an FTIR spectrophotometer Shimadzu model
8400 S in reach 4000-250 cm™'. The mass spectra were
performed using a HAT-8200 analyzer at the ionizing
potential of 70 eV (Central Laboratory, University of
Tehran, Iran). The melting point was measured using the
Melting point SMP 31 model.

Procedure

Synthesis of (4-amino-[1,1'-biphenyl]-3-yl)mercury(ll)
chloride (A)

Firstly, 8.3 g (0.05 mol) of 4-amino biphenyl was
dissolved in 50 mL of absolute ethanol, then added to it
15.7 g (0.05 mol) of mercury acetate dissolved in 50 mL
of absolute ethanol, and the mixture was refluxed for 12 h
with the follow-up of the reaction via thin-layer
chromatography TLC. After the reaction was completed,
2.5 g (0.06 mol) of lithium chloride was added, and the
reaction was continued again for 1 h then the solution
was filtered. White crystals were formed on the filter
paper and then washed via hot ethanol several times to
get rid of the remains of unwanted materials. The weight
of produced compound was 15.3 g, the yield was 77%,
and the melting point of the compound was measured
after completely drying was 170-172 °C.

FT-IR using KBr: v(C-H) Aromatic = 3055 cm™, v(C-N)
Aromatic = 1310 cm™, v(C=C) Aromatic = 1612 cm™},
v(NH,) = (3327 cm™}, 3408 cm™).

Mass spectra: The MS calculated for A C,H,(\NHgCI
(404.26) was found to be as follows: M*+1 (405); MS/MS
(m/z): 365, 317, 277, 236, 169, 154, 144, 78.

These data were shown in Scheme 1 and S1, Table 1, 2
and S1, Fig. S1, S2 and S3.

Synthesis of 3-(tribromo-A*-tellanyl)-[1,1'-biphenyl]-
4-amine (B)

Add 16 g of compound A with 18 g (0.04 mol) of
TeBrs and both materials in their solid state after
grinding them well (the reaction here was at a ratio of 1:1
mole, then add 400 mL of glacial acetic acid. The mixture
was refluxed for 15h, and the reaction progress was
followed up by TLC to assure the completion of the
reaction. In the first hours of the reaction, the color of
the solution turns brown, and after the end of the
heating period, we filter the solution under hot
conditions. The filtered mixture then has left to cool
down, where we notice the formation of dark brown
crystals that are the compound 3-(tribromo-A*-tellanyl)-
[1,1'-biphenyl]-4-amine to be prepared; separated by
normal filtration. The precipitate was washed on a filter
paper with hot ethanol, and the precipitate was dried and
collected. The weight of produced compound was 13 g,
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Scheme 1. Synthesis of organotellurium compounds A-E

and the yield was 60%. The dissociation of the compound
was at a degree 161-163 °C.

FT-IR using KBr: v(C-H) Aromatic = 3121 cm™, v(C-N)
Aromatic = 1256 cm™!, v(C=C) Aromatic = 1596 cm™,
v(NH,) = (3486 cm™, 3576 cm™), v(C-Te) = 481 cm},
v(Br-Te) = 689 cm™.

Mass spectra: The MS calculated for B Ci,H;oBr;NTe
(535.53) was found to be as follows: M*+1 (536); MS/MS
(m/z): 510, 456, 484, 375, 202, 196, 169.

These data were shown in Scheme 1 and S2, Table 1, 2 and
S2, Fig. §4, S5 and S6.

Synthesis of 3,3'-(dibromo- A “-tellanediyl)bis([1,1'-
biphenyl]-4-amine) (C)

Five grams (0.013 mol) of A with 2.7 g (0.006 mol)
of TeBr, were mixed, and both materials in their solid
state after grinding them well (the reaction here is 2:1
mole). Then 50 mL of dry dioxane was added, and after
the process of re-escalation for 2h, we filtered the
mixture while it was hot and left the filtrate to cool down
to room temperature. It has noticed the separation of
white crystals resembling glass fragments which is the
complex (HgCIBr.dioxan), and we get rid of them by
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Table 1. Physical data for organotellurium compounds

Compound Molecular formula M.Wt Color m.p. (°C)  Yield (%)
A CH,ClHgN 404.26 white 170-172 77
B Ci.HoBrsNTe 535.53 dark brown 161-163 60
C CasHaoBroN,Te 623.85 pale yellow 182-184 50
D CaHyN,Te 464.04 pale green 208-210 42
E C.sHyN,Te 591.64 orange 214-216 32

Table 2. Main absorption bands in the infrared spectra of the prepared compounds

Compound C-Haromatic (cm™) C=C(cm™) N-H,(cm™) Te-Br(cm™) C-N(cm™) Te-c(cm™)
A 3055 1612 3408, 3327 1310
B 3121 1596 3486, 3573 689 1256 481
C 3033 1609 3582, 3523 692 1284 455
D 3032 1480 3298, 3442 - 1261 499
E 3045 1564 3478, 3567 - 1258 478

151

normal filtration, then adding the filtrate in batches to
300 mL of ice-distilled water in a beaker with continuous
stirring, where we have crystals with the pale color yellow
is isolated by filtering. The precipitate was washed on the
filter paper with distilled water several times, and the
precipitate was dried; the resulting weight is 4 g, and the
yield was 50%. The dissociation of the compound at a
degree 182-184 °C.

FT-IR using KBr: v(C-H) Aromatic = 3033 cm™, v(C-N)
= 1284 cm™!, v(C=C) Aromatic = 1609 cm™, v(NH,) =
(3582 cm™, 3523 cm™), v(C-Te) = 455 cm™!, v(Br-Te) =
692 cm™.

Mass spectra: The MS calculated for C Cy;HyN,Br,Te
(623.85) was found to be as follows: M*+2 (625); MS/MS
(m/z): 608, 593, 484, 434, 360, 281, 154.

These data were shown in Scheme 1 and S3, Table 1, 2,
and S3, Fig. S7, S8 and S9.

Synthesis of 3,3"-tellurobis([1,1'-biphenyl]-4-amine) (D)

From the previously prepared composite,
compound C, 1 g was dissolved in a beaker and then
added 20 mL of ethanol, then some drops of (0.1 mol,
5mL) of aqueous hydrazine diluted in 5 mL of ethanol
were added until the vapors disappear. Pale green crystals
were formed and isolated by filtration. The precipitate is
washed with hot ethanol on the filter paper and dried,
where the resulting weight was 0.3 g, and the yield was
46%. The dissociation of the compound at a degree 208-
210 °C.

FT-IR using KBr: v(C-H) Aromatic = 3032 cm™, v(C-
N) Aromatic = 1261 cm™, v(C=C) Aromatic = 1480 cm},
v(NH,) = (3298 cm™}, 3442 cm™), v(C-Te) =499 cm™.
Mass spectra: The MS calculated for D CyHyN,Te
(464.02) was found to be as follows: M*+2 (466); MS/MS
(m/z): 449, 415, 364, 296, 169, 154, 78.

These data were shown in Scheme 1 and S4, Table 1, 2
and S4. Fig. S10, S11 and S12.

Synthesis of 3,3"-ditellanediyl bis([1,1'-biphenyl]-4-
amine) (E)
From

the
compound B, 1 g was put in a beaker, then added 20 mL

previously prepared composite,
of ethanol until got completely dissolved in the solvent
after heating. Some drop 5mL (0.1 mol) of aqueous
hydrazine diluted in 5 mL of ethanol were added until
the fumes disappeared where orange crystals are formed
that are isolated by filtration. The precipitate was washed
with hot ethanol on a filter paper. The resulting weight
was 0.32 g, and the yield was 32%. The dissociation of
the compound was at a degree 214-216 °C.

FT-IR using KBr: v(C-H) Aromatic = 3045 cm™, v(C-
N) = 1258 cm™, v(C=C) Aromatic = 1564 cm™, v(NH,)
= (3478 cm™, 3567 cm™), v(C-Te) =478 cm™..

Mass spectra: The MS calculated for E CHN:Te,
(591.64) was found to be as follows: M*+1 (592); MS/MS
(m/z): 576, 552, 504, 478, 296, 169, 93.

These data were shown in Scheme 1 and S5, Table 1, 2
and S5, Fig. S13, S14 and S15.
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m  RESULTS AND DISCUSSION

This current study included the preparation of the
organic tellurium compounds such as ArTeBrs, Ar,;TeBr,,
Ar,Te, and Ar,Te,, where Ar is the organic compound (4-
amino biphenyl), which represents the organic part in the
prepared organic tellurium compounds, Scheme 1.

IR spectra of the compounds under study displayed
standard features in specific regions and characteristic
bands in the other areas explained in Table 2. In all the
compounds under study, the aromatic C-H bond
appeared in the range 3032-3121 cm™" [16-21]. The clear
band in the range of 1480-1612 cm™" was attributed to the
aliphatic bond C=C [16-21]. A clear double package also
appeared in all the compounds prepared, belonging to the
NH, group within the range 3298-3573 cm™" [16-20]. The
appearance of a weak to medium intensity band in the
fingerprint area for the two compounds B and C are 689
and 691 cm™ straight, belonging to the Br-Te bond
[17,22-25]. All compounds except A showed a weak to
medium intensity band within the range 481-499 cm™
belonging to the Te-C bond [17-21], while those spectra
which showed bands at 1256-1310 cm™ are due to the
amplitude oscillation of the C-N bond [26-27].

The mass spectrum gives clear evidence about the
formula of the proposed compounds by noting the value
of the molecular ion, the parent band, which refers to the
total molecular weight of the compound, in addition to
the baseband with high abundance, which indicates the
high stability of the fragmented molecule, and that the
presence of other bands gives us an idea of the structural
formula and the possibility of ions that depend on the
rules of fragmentation [28-32]. (Explained in Table 2 and
S1-S5, Scheme S1-S5, and Fig. S1-§15).

Computational Study

The molecular structure for the organotellurium
compounds was investigated using optimization plus
frequency at the ground state level. In addition, density
functional theory has been applied to optimize the
organotellurium compounds with Gaussian 09 software
program [33-39].

Density Functional Theory (DFT)

It is one of the methods used in the study of
molecular structures, electronic properties, and lines the
circumference and surfaces of individual atoms and
molecules, and this method is widely used in science
materials and Solid-State Physics. DFT theory deals with
electron density rather than the wave function. That is,
the electron density depends only on the spatial
coordinates without regard to how it is located electrons
in the system [32]. DFT is one of the most important
methods; it is used in theoretical physics and chemistry,
and with it, we can determine the properties of multiple
system particles (total system energy, electron density of
orbitals, physical, and optical parameters for matter),
which is one of the most widely used methods in
quantitative calculations because of the possibility of it
applied to a variety of systems at a low cost and high
speed [34-35].

Electronic Properties

HOMO and LUMO are terms used to refer to the
position of molecular orbitals in terms of it is occupied
with electrons, as HOMO is the highest molecular
orbital occupied by electrons, and LUMO represents the
lowest unoccupied molecular orbital with electrons (see
Fig. S16-S27). Uses the energy difference between these
two boundary orbits in knowing the stability and
stability of the elements in addition to the color that they
show in solutions (energy gap). The energy gap is the
amount of energy needed for an electron to move from
its valence level to its conductivity level through this
value (energy gap). We can know what elements or
materials are if it is a conductor, an insulator, or a
semiconductor, where the energy gap can be calculated
by difference. The energy between the lowest energy
level and the highest energy level [36-37], represents the
energy difference between the lower virtual energy and
the higher total energy levels (see Table 3).

E; = ELumo — Enomo [38] (1)
The HOMO and LUMO energies are explained in Table
3. The HOMO energy of prepared compounds
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Table 3. The electronic states of the organotellurium

compounds
Compound Enomo (V) Erumo (eV)  Eg (eV)
RTeBr; (B) 5.4011 2.9767 2.4244
R,TeBr; (C) 4.3454 2.6230 1.7224
R,Te (D) 4.4814 3.3876 1.0938
R,Te, (E) 4.9821 25522 2.4299

were arranged [34-38] as follows:

C>D>E>B

while the LUMO energies were arranged as the following

[34-38]:

E>C>B>D

Therefore, the highest energy gap was observed by
compound E, while the lowest value was observed by
compound D (see Table 3).

Electronegativity and Electrophilicity

Electronegativity is defined as the ability of an atom
to attract electrons towards itself in a chemical
compound, where fluorine is the most negative electrolyte
element. Electronegativity increases with increasing
numbers of atomic elements. In addition, electronic
affinity can be defined as the susceptibility of a neutral
atom. In the gaseous state, it can gain one electron and
release energy; the atomic number becomes more difficult
to add an electron. Electronegativity and electronic
affinity can be calculated respectively from the two

relationships (2) and (3) [38-39] as shown in Table 4.

E +E
X = HOMO2 LUMO (2)
2
W:X_ (3)
2n

In Table 4, the electronegativity of organotellurium
compounds under study was arranged as the following:
D>B>C>E
but compound E had the greatest electrophilicity, whereas
compound D had the least such as the following
arrangement:

E>C>B>D

Ionization potential and electron affinity ionization
energy are defined as the amount of energy required to
remove an electron from an atom of a particular element.
It is neutral in its gaseous state; for example, a hydrogen

atom has one ionization energy in the outer shell because
it has one electron, while atoms that contain more than
an electron in their last shell have ionization energy for
each electron, while electronic affinity can be defined as
it is the amount of energy released when an atom gains
an electron equal to the energy required to remove an
electron from a negative ion. For example, atoms have
seven electrons in the outer shell. It has a strong
electronegativity, and it is opposite, if the atoms have a
closed shell, then they have an attraction weak
electronic, and according to Koopman's theory, the
following Eq. (4) and (5) [18,28,37-38] can express the
ionization potential and electron affinity, as shown in
Table 5.
LP=-Eyomo (4)
E.A=E;ymo (5)
The information in Table 5 shows the ionization
potentials and electron affinity values in (eV) for
compounds B, C, D, and E. According to Koopman's
theory, the results of ionization potentials and electron
affinity, in turn, depend on the energies in the valence
band and conduction distance preserver; accordingly,
the prepared tellurium compounds can be arranged as
the following (according to the increase in their
ionization potential) [18,37]:
D>B>C>E

Table 4. Electronegativity and electrophilicity of the
organotellurium compounds

Compound Electronegativity (X) Electrophilicity (W)
(eV) (eV)

RTeBr; (B) 4.1889 7.2209

R,TeBr; (C) 3.4842 7.0538

R,Te (D) 3.9345 14.0730

R;Te, (E) 3.7671 5.8399

Table 5. Ionization potential and electron affinity of the
organotellurium compounds

Compound Ionization Electron affinity
potential (I.P) (eV) (E.A) (eV)

RTeBr; (B) 5.40 2.97

R,TeBr, (C) 434 2.62

R,Te (D) 4.48 3.38

R,Te; (E) 4.98 2.55
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Hardness Softness Acid Base

Chemical hardness is a very useful concept in
chemistry and physics, knowing the resistance or
deformation of atoms, molecules, or ions [40]. Based on
this concept, was classified Lewis acids and bases were
both hard and soft, and this principle was described by
Pearson. A base can be defined as soft is the donor atom
that is highly polarizable and has a low negative
electronegativity. It is easily oxidized and bound to empty
lower orbitals. As for the solid base, the donor atom is low
polarizability, has high negative electronegativity, is easily
oxidized, and is associated with empty orbitals with high
energy, soft acid can be defined as the accepting atom with
a positive charge. It is low, large, and polarizable. As for
the solid acid, the receiving atom is the same high positive
charge, small size, and non-polarizable. This principle
includes a description of the behavior of molecules or
atoms as acids and bases in chemistry. The soft base and
the hard base represent the donors, but the soft acid the
solid acid represents the acceptors. The following Eq. (6)
and (7) can express the hardness and softness.

LP-W.P
== (6)

1
6= E (7)
n refers to chemical hardness, and o refers to chemical
softness, from Table 6. The compound D was harder than
compounds B, C, and E, respectively, indicating that
compound D will behave as a hard base [40-42].
D>C>E>B

In addition, and from the information provided in
Table 6, compound D appears softer than other
compounds, while compound B behaves as a soft base.
Therefore, organo-tellurium compounds are classified as
donors or acceptors.

Table 6. Chemical hardness and chemical softness of the
organotellurium compounds

Chemical hardness Chemical softness

Compound

(M) (0)
RTeBr; (B) 1.215 0.4115
R,TeBr, (C) 0.86 0.581
R,Te (D) 0.55 0.9090
R,Te, (E) 1.216 0.4116

m CONCLUSION

In the present study, compounds A, B, C, D, and E
were obtained in a 32-77% yield. All the prepared
compounds were characterized by the mass spectrum
and FTIR. Findings from this study were in concordance
with previous research findings, confirming the
correctness of the proposed structures for all the
prepared compounds.

As for the theoretical study, it can be obtained that
the DFT used in this study is an interest method, and the
B3LYP functional is suitable for studying the electronic
properties of these structures. The density functional
theory method has been used for geometry optimization
and the electronic properties of all prepared compounds
by using B3LYP functional.

The total energies of the donor-acceptor system
show that this structure is more stable. The results
obtained in this work may help to select a type of bridge
to interact with the donor and acceptor to calculate the
physical properties of the donor-bridge-acceptor.
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