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HIS research involved structural and molecular behaviour of the ligand HL, 4-amino-5-

(2,2-dichloro-1-methylcyclopropyl)-4H-1,2,4-triazole-3-thiol toward the transition metal
ions namely Cu (II), Cd(II) and Zn (II) had been studied using elemental analyses, magnetic,
electronic, FT- IR, 'H-NMR, XRD and Thermal analyses (TGA and DTA). The interpretation
of practical data obtained had been evaluated and confirmed by theoretical molecular modelling.
The computations had been done by software of Gaussian 09W package. The geometries of
traizole-thiole ligand and its metal chelates were fully optimized using density functional theory
B3LYP method. Their structures were confirmed via correlation between experimental and
theoretical calculations. The ligand and its metal chelates biological activities had been tested
against Gram-positive (Staphylococcus aureus ATTC 12600), Gram-negative (Escherichia coli
ATTC 11775 and) bacteria, two fungus (Aspergillus flavus and Candida albicans).

Keywords: Traizole-Thiole, Metal-Chelates, Thermal- Spectroscopic analyses, XRD,
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Introduction

Traizole-Thiole derivatives are significant
heterocyclic compounds. They were used in the
preparation of antibiotics, fungicides, herbicides
and plant growth hormone insulators [1]. They
are considered good corrosion inhibitions [2].
Heterocyclic compounds containing Triazole-
Thiol rings are very interesting due to their
biological significant characters such as antiviral
[3], analgesic, antimicrobial, anticonvulsant,
anticancer, antioxidant, antitumor[4] and
antidepressant effects[5]. The Triazole-Thiol
derivatives are of diverse pharmacological

properties [6,7]. The inclusion of triazole ring to
new drugs makes them therapeutically interesting
molecules as previously reported [8,9]; as
examples Vorozole, Letrozole and Anastrozole,
had been used for the remedy of breast cancer [8,
9]. The presence of N and S atoms as coordination
active sites in Traizole-Thiole derivatives leads
to formation of numerous metallo-biomolecules
of interesting biological activities [10, 11]. The
complexation of drug to a metal ion promotes its
activity and in some instances the complex has
more biological activity than the corresponding
drug [12]. The Traizole-Thiole ligands of N and
S donor atoms in their structures are considered
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good chelating agents for the transition and
non-transition metal cations [13]. The Traizole-
Thiole metal chelates are of great interest due to
their contributions [14] and their potential uses
in applied sciences [15-17]. Furthermore, metal
chelates containing Triazole- ligands also show
great biological activity [17]. In continuation to
our previous work on metal chelates, the present
study involved coordination behaviour of novel
4-amino-5-(2,2-dichloro-1-methylcyclopropyl)-
4H-1,2,4-triazole-3-thiol [18] toward Cu (III), Cd
(IT) and Zn (II) and the structures of the studied
HL ligand and its solid chelates are elucidated by
experimental data which confirmed through TD-
DFT approximations at the same level of theory.
The biological activities of the prepared novel
Traizole-Thiole and its metal chelates are reported
and compared with standard antibiotic drugs as
references [19].

Experimental

Materials and reagents

All chemicals used in this research are of
highest purity available. They included Cu (II)
chloride hex hydrate (Prolabo), Cd (IT) and Zn (II)
chloride (BDH). Organic solvents used included
absolute ethyl alcohol and dimethylformamide
(DMF). These spectroscopic pure solvents were
purchased from BDH. De-ionized water collected
from all glass equipments was used in all aqueous
solutions preparations.

Instruments

Elemental microanalyses (C, H, N, and S) of
the prepared novel ligand and its solid chelates
had been performed in the Microanalytical centers
at Cairo Universityusing CHNS-932 (LECO)
Vario Elemental Analyzers. The accuracy of the
data was checked by repeated readings twice. The
Perkin-Elmer FT-IR type 1650 spectrophotometer
was used to measure spectra in the region 4,000—
400 cm'! as KBr disks. The 'H-NMR spectra
were recorded with a JEOL EX-500 MHz in
DMSO-d6 as solvent, where the chemical shifts
were determined relative to the solvent peaks.
The mass spectrum (MS) was recorded by the
electron impact (EI) technique at 70 eV using
MS-5988 GS-MS Hewlett-Packard instrument.
The diffused reflectance spectra were measured
on a Shimadzu3101 pc spectrophotometer. The
molar magnetic susceptibility was measured on
powdered samples using Faraday method. The
diamagnetic corrections were made by Pascal’s
constant, and Hg[Co(SCN)4] was used as a
calibrant. The magnetic data for the background
of the sample holder were corrected. The molar
conductance of solid chelates in DMF (10 M) was
measured using Sybron-Barnstead conductometer
(Meter-PM, E = 3,406). The thermal analyses
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(TG, DTG and DTA) were carried out in dynamic
nitrogen atmosphere (20 mL min') with two
heating rates of 10 °C and 20 °C min"' using
Shimadzu TG-60H thermal analyzer.

Synthesis of the ligand and its metal chelates

Synthesis of the triazole ligand

An equimolar amounts of 2,2-dichloro-1-
methylcyclo propane carboxylic acid (1.67,
10 mmol) and thiocarbohydrazide (1.06 g, 10
mmol) were heated in an oil bath at 140 for 4
h. the completion of reaction was checked by
TLC (pertrolium ether / ethyl acetate 3:1). The
reaction mixture was cooled to room temperature
and the excess of acid was removed by stirring
the solid product with saturated solution of
sodium bicarbonate. The insoluble solid product
was then filtered, dried and recrystallized from
methanol to give slightly yellow crystal. Yield
80%, m.p.=123 °C.

Synthesis of the metal chelates

The metal chelates were prepared by the
addition of hot solution (60 °C) of the Cu, Cd and
Zn chloride (0.1 mmol) in absolute ethanol (15
mL) to the hot solution (60 °C) of the triazole-
thiole ligand (0.6 g, 0.219 mmol) in ethanol and
DMF (15 mL). The resulting mixture was heated
and left under reflux for four hours with stirring.
The solvent was evaporated to get precipitate;
which recrystallized from DMF. The crystalline
precipitate was dried and weighed to calculate it’s
present yield.

Computational details

All computations were carried out using
Gaussian 09W software package [20]. The
molecular geometry for the studied compounds
was fully optimized using density functional
theory B3LYP method. Where (B3) [21-23] stands
for Becke’s three parameters exact exchange-
functional combined with gradient-corrected
correlation functional of Lee, Yang and Parr (LYP)
[24]. DFT/GENECP level had been obtained by
implementing Def2TZVP basis set for Fe, Co
and Ni-atoms [25, 26] and 6-311++G(d,p) [27,
28] basis set for the rest of atoms. No symmetry
constrains were applied during the geometry
optimization [29, 30]. The choice of mixed basis
set was due to flexibility, accuracy, consistent
and better performance of the Alrich’s effective
core potentials basis set (def2-TZVP) with
Gaussian type triple- { potential(6-311++G(d,p)
[31]. By using HOMO and LUMO energy values
for complexes, eclectronegativity and chemical
hardness can be calculated as follows: X= (I +
A)/2  (electronegativity), n=(I-A)/2 (chemical
hardness), S = 1/2n,_ (chemical softness) where
I and A are ionization potential and electron
affinity, and I= - EHOMO and A= - ELUMO,
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respectively [32-34]. NBO calculations had been
performed at the same level of calculation by
using NBO 3.1 program as implemented in the
Gaussian 09W software package. Throughout
this work optimized structures were visualized
using Chemcraft version 1.6 package [35] and
Gauss View version 5.0.9 [36]. The first 15, 85,
65 and 65 low-lying excited states for ligand and
Fe, Co and Ni complexes respectively had been
calculated within the vertical linear-response TD-
DFT approximation [37-41] at the same level
of theory to calculate the electronic absorption
spectra of thestudied compounds. The total static
dipole moment (p), the mean polarizability<o>,
the anisotropy of the polarizability and the
mean first hyper-polarizability<f> using the x,
y, z components were calculated by using the
following equations [42-44]:

K= (auxz + “yz + “22}5
(@xx + Oy + 0,

a
2

A _J!(axx - Otyy)2 + (awz_ utzz)2 4 (0 - o)’

2

B =BX2 + BYZ +0, , where
Bx =B + ﬁxy: + Buzz
ﬁy = nyy +Bxxo + Byzz
Bz=PBzzz + Bxxo + Byyz

Biological activity

The test was done using the diffusion agar
technique. Spore suspension (0.5 mL, 10-6—-10-7
spore mL!) of each of the investigated organism

cl Cl EHZ SH
(K

M

was added to a sterile agar medium just before
solidification, then poured into sterile Petri dishes
(9 cm in diameter) and left to solidify. Using
sterile cork borer (6 mm in diameter), three holes
(wells) were made into each dish, and then 0.1
mL of the test compound dissolved in DMF (100
mg mL") was poured into these holes. The dishes
were incubated at 37 °C for 48 h where clear or
inhibition zones were detected around each hole.
DMF (0.1 mL) was used as a control under the
same conditions. By subtracting the diameter of
the inhibition zone resulting with DMF from that
obtained from each metal chelate or the free ligand,
antimicrobial activities were calculated as a mean
of three replicates (Ekennia et al., 2017)[45].

Results and Discussion

Structure characterization of ligand and its metal
chelates

Traizole-Thiole ligand under investigation is
characterized by elemental analysis (Table 1). It
has molecular formula (C.H,CL,N,S). It has mole
mass of 239.13 mg mole™'. Its structural formula
is proposed depending upon FT-IR, 'H-NMR and
mass spectra measurements (Fig. 1).

Its metal chelates of Cu (II), Zn (II), and Cd
(IT), are obtained via the Traizole-Thiole ligand
reaction with metal ions in ratio of 1: 2 (metal:
ligand) as given by Scheme 1.

The Traizole-Thiole prepared ligand and its
chelates are stable at 27°C and are mostly soluble
in DMF and DMSO. The (CHNS) elemental
analyses data, melting points and yields of the
studied compounds are represented in Table 1.
The proposed structures of the studied chelates
are compatible with the analytical data in Table 1.
The melting point of ligand is found to be 120 °C;
while that of chelates are ranged from 100 to
289 °C.

4-amino-5-ﬁ2,2-dichloro-1 -methylCyClopropyl)-4H-

1,2 4-triazole-3-thiol

Chemical Formula: CgHgCI,N,S
Molecular Weight: 239.13

Fig. 1. Structural formula of ligand.
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Scheme 1. Preparation of Cu (II)-HL, Cd (II)-HL and Zn (IT)- HL (HL=Traizole-Thiole) Chelates.

TABLE 1. Elemental and physical data of Traizole-Thiole ligand and its metal chelates.

% Found (Calcd.)

Compound Color M.P peff Am
u
P (% yield)  (°C) c H N M s (BM) Q'molcm?
HL Slight yellow 30.11 3.12 22.98
(Traizole-Thiole) (85) (30.14  (337) (2343 oo
[CuHL,.2H,0]Cl, Light green 22.03 2.85 17.23 9.75 9.75
289 3.58 115
C,H,CI,.CuN,O,S, (80) (22.22)  (3.11) (17.27) (9.89) (9.80)
[CdHL,.2H,0]Cl, White 20.75 2.86 16.32 16.21 9.32
230 Diama 143
C,H,CI,CdNO.S, (87) (20.66)  (2.81)  (16.06)  (l16.11) (9.19)
[ZnHL,.2H,0]Cl, White 22.12 2.86 17.12 9.74 9.74
B 250 ama 125
C,H,Cl.ZnN,O,S, (85) (22.15)  (3.10)0  (17.22) (9.86) (10.05)

FT-IR spectra of Traizole-Thiole ligand and
its metal chelates

The FT-IR of free ligand and the prepared
chelates is shown in Fig. 2.

It shows dissimilarity between spectra of
ligand and its chelates in order to identify the
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coordination sites involved in chelation process.
The ligand spectra showed NH stretching band at
3297 cm!, NH, bands at 3200, 3240; bands at 2982
and CH group band a 2936 cm™. It also shows a
band at 2750 cm! corresponds to SH group. The
SH and NH, bands are reduced in intensity in
the spectra of its metal chelates; which indicate
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sharing of these groups in the complex formation
process [46-48]. New bands are appeared in chart
of chelates at 556587 and 456477 cm™. They are
assigned as vM—S and vM—N stretching vibrations
respectively. Consequently; the FT-IR confirms
the tetra dentate behaviour of Traizole-Thiole
ligand. The coordination sites of ligand are NNSS
together with 2H,O bind to the metal ion. The
water molecules in the entity of metal chelates are
confirmed by the appearance the broad bands at

3250- 3500 cm™. Therefore the proposed structures
for these chelates are given in Fig. 3.

The proposed structures of Cu (II)-HL, Cd (I)-
HL and Zn (IT)-HL chelates (Fig. 3) are confirmed
by mass, "TH-NMR and XRD analyses.

Mass spectral studies (MS) of Traizole-Thiole
chelates

The spectra of mass recorded of the ligand,
Cu (II)-HL, Cd (I)-HL and Zn(II)-HL chelates

%I

4000 3500 3000 2500

2000 1500 1000 500

Wave number em-1

Fig. 2. FT-IR of HL, Cd-HL, Cu-HL chelates.
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\ N c Cl

NH,

<—OH2

-/ n+

Cin-

M=Cu (1ly, Cd (Ily and Zn (1), n=2

Fig. 3. The proposed structures of Cu-HL, Cd-HL and Zn- HL chelates.
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exhibited the molecular ion peaks at m/z 239,
648, 695 and 650 amu, which in coincidence with
the proposed molecular weights 239, 648, 695
and 650 amu, for ligand and its metal chelates
respectively. The molecular weights of the ligand
and metal chelates were agreed with elemental
and thermogravimetric analyses; which have been
utilized to prove the suggested formula. These
prove the stoichiometry of chelates as suggested
in general formulae [M (HL),.2 H,O] CL,.

!H-NMR and BC-NMR of ligand and its metal
chelates

The '"H-NMR and *C-NMR of Traizole-Thiole
and its metal chelates give the data: 'H-NMR
(500MHz, CDCL,): 6 = 1.62 (s, 3H, CH,), 1.87

(d, 1H J = 8.6 Hz of CH); 2.16 (d, 1H, J = 7.6
Hz of CH), 5.60 (s, 2H, NH,, exchanged with
D,0) and 13.69 (s, 1H, NH or SH are duterated
with D,0) ppm. The Traizole-Thiole and its
metal chelates also give the data of *C NMR
(125 MHz, CDCl,): 6 = 19.6 (CH,), 28.3 (CH,),
30.2 (CCH,), 64.3(CCl), 152.4 (triazole C-5),
167.9 (triazole C-3) ppm. The bands of SH and
NH, are disappeared after ligand coordination to
metal cations (Cd(II) and Zn(I)); which may be
attributed to the sharing of these groups in Zn-HL
and Cd-HL chelates formation [49,50].

XRD Analyses
The XRD of the Cu (IT)-HL, Cd(IT)-HL and Zn
(IT)-HL chelates are given by Figs. (4-6).

400 5
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w2 "
5 = =
o ~
8] . z
200 | = g
;
=
z
T
100 H E
g
T “ Liadls i
0 T T T T T T T
10 20 30 40 50 60 70
Posttion [°2Theta]
Fig. 4. Cu (I1)-HL Chelate XRD.
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Fig. 5. Cd (II)-HL Chelate XRD.
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Fig. 6. Zn (I1)-HL Chelate XRD.

From these results and careful inspection
of these curves it is concluded that; Cu (II)-HL
Chelate (Fig. 4) is present in an amorphous form
while both Cd (II)-HL and Zn (II)-HL Chelates
(Figs. 5 and 6) are present in good crystalline
structures with distinct lines of coordinated water
molecules out of planes in proposed structural
formulae of chelates given in Fig. 3.

Reflectance spectra and Magnetic susceptibility

The chelates diffused reflectance spectral data,
bands positions and their transitions are important.
All of these measurements are relies in the geometry
of the given chelates. The diffused reflectance
spectrum of the Cu (II)-HL chelate displayed the
d—d transition band in the region14, 260 cm-1which
is due to 2Eg — 2T2 g transition and also 25,231
and 32,543; which may be attributed to ligand to
metal charge transfer. This d—d transition band
strongly favours a distorted octahedral geometry
around the metal ion. This geometry is further
supported by its magnetic susceptibility value (2.1
BM) 28-30 [46-48, 51-54].

Electronic spectra of the Cd (II)-HL and Zn
(I1)-HL chelates exhibited a sharp band of high
intensity at 22,332 and19, 765 cm™, respectively;
which may have been due to the ligand—metal
charge transfer.

Molar conductance of metal chelates

The measured molar conductance
measurements in non-aqueous solutions had been
used to study structures metal chelates depending
upon the limits of their solubility. The measured
values provide the degree of ionization of chelates.
The higher the liberated molar ions from chelate
entity will be the high its molar conductivity and
vice versa. The molar conductance of the given
chelates in DMF (10 M) solutions at 25 + 2°C

are listed in Table 1. The molar conductance
values of Cd (II)-HL, Zn (I)-HL and Cu (II)-
HL chelates are found to be 143,125 and 115 Q!
mol'! cm? respectively. These values refer to the
1:2 electrolytes and supported by the number of
chloride ions detected in the proposed general
formulae of these chelates [46-48, 51-54].

Thermal Analyses of Traizole-Thiole and its
metal chelates

The thermal analyses of curves of Traizole-
Thiole and its metal chelates are given in Fig. (7).

The thermogram of [Cu(HL),(H,0),].Cl,
chelate displays three stages of decomposition
(Table 2).

The first stage at 25-200°C occures due to the
loss of 2HCI molecules of mass loss = 11.64%
(11.99%). The second stage, may be due to the
loss of 2NH_,H,S and 2HCL molecule of mole
mass = 21.86% (21.87%); it occures within the
temperture range from 200 to 250°C. The third
stage at 250-990 °C occures due to the loss of
C,H,,CLLN,OS molecules of mass loss = 54.34%

127710

(53.52%). leaving CuO as a residue.

The thermogram of [Cd (HL),(H,0),].Cl,
chelate displays the decomposition within three
steps from 25 to 750 °C (Table 2). The first occurs
at 25-180 °C is due to the loss of the 2HCI and
2H,0 molecules of mass loss of 15.23% (15.15%).
The step two occurs at 180-320°C is due to the
loss of 4HCI molecules with mass loss of 20.71%
(20.40%). In the step number three, that occurs in
temperature range 320-750°C; it may be attributed
to the loss of the C,HN.S, molecule with mass
loss 0f 47.42% (46.04%) leaving CdO as a residue
for Cd(II)-HL chelate.
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Fig .7. The thermal analyses of curves of Triazole-Thiole and its metal chelates.

TABLE 2. The thermal degradation results (TG and DTG) of both Traizole-Thiole ligand and its metal chelates

TG range DTG . Mass Loss Total mass ) )
Compound €C) © C;“"‘ n Loss Assignment Residue
Calcd (Found) %
(TrgzLole- SO-I80 1001 g 066.(39(; (659')9129)8 g7p  LossofCH,
Thiole) 180-700 500 2 (99.99) Loss of C.H,CLN,S
25-200 150 1 11.64 (11.99) -Loss of 2HCI
[CuHL,2H,0]  200-250 220 1 21.86(21.87) 87.84  -Lossof 2NH,HSand  CuO
cl, (87.38) 2HCL 12.62
250-990 700 1 54.34(53.52) -Lossof C H, CL,N,0S
25-180 100 1 15.23 (15.15)
[CdHL,2H,0] ~ 180-320 250 2 20712040y 8336 oSS of2HCLand 20y
272 -Loss of 4HC1
cl, (81.59) Lot of e HEN S 18.41
320-750 550 2 47.42 (46.04) 1201008,
25-200
183 1 5.26 (5.339)
[ZnHL, 2H,0] 200-400 300 1 2477 (2326) 8846  0sSOINH, ZnO
cl (87.4) -Loss of 4HCI andH, 0. 126
, _ . ) .
400-800 8 . 58.83(58.801) Loss of C_H CLN'S,
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The thermogram of [Zn (HL), (H,0),].Cl,
chelates displays the decomposition in three steps
at temperature 25-800 °C (Table 2). The stage
number one occurs at 25-200°C due to the loss
of NH, molecule with the estimated mass loss
of 5.26% (5.339%). The second stage, occurs at
200-400 °C is due to the loss of 4HCI and H,O
molecules of 24.77% (23.26%). The third step
occurs at temperature range 400-800 °C as a result
of the loss of C ,H ,CLLN.S, molecule of 58.83%
(58.801%) leaving ZnO as a residue.

The thermodynamic calculations coming from
these thermal data are given in Table 3.

These data refer to the high thermal stability
of the given chelates; which may be attributed
to chelate ring structures of these chelates
represented in Fig. 3. This stability increases
in the following order as Cd (II)-HL (E‘kJmol!
= 540.33 to 218.24) > Cu (II)-HL (E'kJmol! =
78.10 to 422.49) > Zn (I1)-HL (E'kJmol! = 91.78
to 235.29) > HL (E'kJmol! = 37.86 to 30.31)
depending upon the values of the calculated
activation energy at different temperature
ranges. This ordering is confirmed by enthalpy
of activation AH" kJmol! as Cd (II)-HL ( 533.96
to 211.84) > Cu (I)-HL (71.69 to 358.49) > Zn
(ID)-HL (277.75 to 346.73) > HL (31.46 to 29.76)
There is another ordering depending upon the start
and on set temperature range of decomposition Cu
(IN-HL (Decomp. Temp.°C =25 to 990) > Zn (I1)-
HL (Decomp. Temp.°C = 25 to 800) > Cd (1I)-HL
(Decomp. Temp.°C = 25 to 750) > HL (Decomp.
Temp.°C = 50 to 700).

Theoretical Molecular Orbital Calculations
(TMOCs)

The elemental analyses proved that, two ligand
molecules are coordinated with Cu (II), Cd(IT)

and Zn (II) forming [M(HL),.2H,0]Cl, chelates.
TMOC:s are used to prove the nature and stability
of these chelates. The calculated geometrical
parameters are bond angles, bond lengths and
dihedral angles, natural charges on active centers
and energetic of the optimized ground state for the
studied chelates. These geometrical parameters
together with the practical spectroscopic data
proved that the metal ions are coordinated to the
ligand via (N, O and S) atoms forming stable
chelates.

The optimized geometrical parameters (bond
lengths, bond angles and dihedral angles),
natural charges on active centers and energetic
of the ground state for the studied chelates were
computed and analyzed. From the elemental
analyses and spectroscopic data, metal ions
coordinated to the ligand via N, O and S atoms
forming these chelates. The ligand HL actually
coordinatedvia N, O and S atoms to Cu (II), Zn
(II) and Cd (II) forming chelates of the general
formula [M(HL),(H,0),].

Geometry of the chelates

In this research; vector of the dipole moment,
energetic, dipole moment, bond lengths, bond
angles and dihedral angles of were calculated
using numbering system of optimized geometry
of novel ligand and its studied metal chelates.

Figure 8 presents the optimized geometry,
numbering system, and vector of the dipole
moment, energetic, dipole moment, bond lengths,
bond angles and dihedral angles of all metal
chelates studied in this work.

The optimized geometrical calculated data are
given Tables 4-8.

TABLE 3. The calculated thermodynamic parameters from TG and TG data of the thermal decomposition of both

Traizole-Thiole and its metal chelates.

Complex Decomp. A E AS” AH" AG”
P Temp. °C st kJmol?! JK'mol! kJmol"! kJmol"!

HL 50-180 1.20 107 37.86 -167.56 31.46 185.70
(Triazole-Thiole) 180-700 1.55 10° 30.31 -55.50 29.67 130.24
25-200 8.56x108 78.10 -167.10 71.69 568.56

[Cu(HL),.2H,0]Cl, 200-250 8.56x10° 196.20 -301.13 189.80 418.58
250-990 4.19x10° 422.49 -145.19 358.49 147.54

25-180 1.13x107 540.33 -105.01 533.96 273.96

[Cd(HL),.2H,0]Cl, 180-320 1.90x10° 218.24 -231.18 211.84 339.95
320-750 3.64x10* 380.91 -504.63 374.51 136.98

25-200 3.99x10° 91.78 -145.60 277.75 114.78

[Zn(HL),.2H,0]Cl, 200-400 7.55x108 353.23 -357.53 346.73 716.86
400-800 2.46x107 235.29 -252.48 228.89 346.59
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Cu-HL Chelate

Zn-HL Chelate

lCd-HIL Chelate

Fig. 8. The optimized geometry, numbering system, vector of dipole moment of HL, Cu(II)-HL, Zn(II)-HL and
Cd(II)-HL chelates using B3SLYP/GENECP level of calculation.

Tables 4 represents selected bond length (A°),
bond angles and dihedral angles, (degree) of
Cu(Il)-HL, Zn(IT)-HL and Cd(IT)-HL chelates and
Table 5 represents natural charge on coordinated
atoms of HL and the same chelates.

From the data in Tables 4 and 5; it is clear
that in Cu(Il)-HL, Zn(II)-HL and Cd(I)-HL
chelate, the metal ion coordinates with N6 and S9
from the ligand with the sequences N6N4C5S9
and N24N22C21S31 to form a five-member ring
and with O44, 047 from two water molecule,
Therefore, the form of slightly distorted regular
octahedral geometry is expected for all the studied
chelates. Most M-N, M-S and M-O bonds show
elongation upon complexation between 2.1 to 2.7
A’ The length of the coordinate covalent bonds
between metal and ligand site, i.e. M-N, M-S
and M-O, are too long compared to the typical
MX bond lengths [26]. The too long M-O, M-S
and M-N bonds in the studied chelates mean
that the ionic character of these bonds is small.
The calculated values of bond angles between
metal ion and binding sites (Tables 1) N4N6M,
C5S9M, N6MS31, SOMN28 and S31MO44
vary between 81 and 110 which compare nicely
with the experimental data as obtained from
X-ray analysis for OH in the moiety of chelates
[27]; which indicate a distorted octahedral
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geometry as expected for all the studied chelates.
The dihedral angles around metal ion, i.e.
C3N4N6M, C5N4AN6M, N1C5S9M, N4N6MS9,
SOMN28N26 and NAN6MS31, are close from
0 or 180° which indicate that the metal ion is
in the same molecular plane of the ligand and
other coordination with water N4N6MOA44,
N4N6MO47 and O44MN28N26 are close to 90°.

Natural charges and natural population

The natural population analysis performed on
the electronic structures of the studied chelates
clearly describes the distribution of electrons
in various sub-shells of their atomic orbits. The
natural charges on the coordinating sites in the
core, valence and Rydberg sub-shells and natural
electronic configuration of the metal in the studied
chelates are presented in Table 6.

The most electronegative centers are
accumulated on N6, S9, N28, S31, 044 and
047. These electronegative atoms have a
tendency to donate electrons. Whereas, the most
electropositive atoms are Cu, Zn and Cd have a
tendency to accept electrons. The central metal
ion in the Cu, Zn and Cd chelates received 1.74e,
0.93e, and 0.86e from the donating sites of the
ligands with electronic configuration 3d*%,
3d°%, 3d>* from the active sites of the ligands
respectively.



SYNTHESIS, STRUCTURAL CHARACTERIZATION, THERMAL BEHAVIOUR ... 155

TABLE 4. The selected bond length (A°), bond angles and dihedral angles, (degree) of Cu(Il), Zn(II) and Cd(II)
complexes B3LYP/ genecp level of theory.

Cu(Il) Zn(IT) cd(n
R(N6,M) 2.153 2.226 1.468
R(S9,M) 2.429 2.582 2717
R(N28,M) 2.240 2.226 2.469
R(M,S31) 3.179 2.582 2717
R(M,044) 2.191 2.200 2.432

R(M,047) 4.000 2.256 2.444
R(N1,C5) 1.299 1.295 1.296
R(C3,N4) 1.384 1.391 1.392
R(N4,C5) 1.379 1.379 1.380
R(N4,N6) 1.411 1.412 1.411
R(C5,59) 1.774 1.774 1.777
R(N6,H7) 1.026 1.022 1.021
R(S9,H10) 1.354 1.354 1.354
R(N24,C25) 1.340 1.295 1.296
R(C25,N26) 1.357 1.379 1.380
R(C25,S31) 1.737 1.774 1.777
R(N26,C27) 1.413 1.391 1.392
R(N26,N28) 1.416 1.412 1.411
R(N28,H29) 1.031 1.022 1.021
R(S31,H32) 1.354 1.354 1.354
R(044,H45) 0.966 0.969 0.968
R(047,H48) 0.966 0.968 0.967
A(C3,N4,C5) 104.51 104.38 104.15
A(C3,N4,N6) 129.33 129.37 128.70
A(C5,N4,N6) 125.69 125.41 125.97
A(N1,C5,N4) 110.50 110.76 110.87
A(N1,C5,59) 126.16 126.75 125.50
A(N4,C5,59) 123.33 122.47 123.56
A(N4,N6,H7) 107.00 109.25 109.49
A(C5,89,H10) 96.99 96.46 95.76
A(C5,59,M) 92.78 91.62 92.60
A(H10,S9,M) 105.62 101.10 101.63
A(S9,M,044) 117.39 92.82 90.24
A(S9,M,047) 71.33 87.20 89.78
A(S31,M,044) 83.18 92.80 90.21
A(S31,M,047) 93.11 87.18 89.77
A(N24,N23,C27) 109.96 109.04 108.97
A(N24,C25,831) 123.82 126.75 125.51
A(N26,C25,831) 125.79 122.47 123.56
A(C25,N26,C27) 104.87 104.38 104.15
A(C25,N26,N28) 124.36 125.41 125.97
A(C27,N26,N28) 130.70 129.37 128.71
A(M,S31,C25) 90.83 91.61 92.59
A(M,S31,H32) 174.02 101.08 101.64
A(C25,831,H32) 92.48 96.46 95.76
A(M,044,H45) 123.25 126.34 126.61
A(M,047,H48) 128.18 126.88 127.02
D(N6,N4,C5.N1) 174.45 171.78 169.92
D(N6,N4,C5,S9) -6.04 -9.66 -12.77
D(N1,C5,59,M) 172.78 -158.68 -152.56
D(N4,C5,S9,H10) 111.79 124.37 132.50
D(N4,C5,59,M) 5.67 23.01 30.53
D(C5,89,M,044) 115.59 66.47 61.55
D(C5,59,M,047) -110.45 -113.54 -118.47

D(H10,S9,M,044) 17.53 -30.44 -34.88

D(H10,89,M,047) -151.64 149.55 145.10

D(C5,89,831,C25) -151.65 133.08 123.05

D(C5,59,831,H32) -30.22 35.77 26.60

D(N6,M,S31,C25) -149.39 154.49 2543

D(N6,M,S31,H32) 86.98 57.59 -121.86

D(N6,M,N28,N26) -66.03 7171 -65.24

D(N6,M.N28.H29) -61.73 165.44 171.04
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TABLE 5. Natural charge on coordinated atoms of HL,, Cu (1I), Zn (II) and Cd (II) chelates using B3LYP/GENECP

level of theory.

Atom HL Cu(Il) Zn(1I) Cd(II)
N6 -0.616 -0.322 -0.675 -0.661
N28 -0.326 -0.675 -0.661
S9 0.076 0.050 0.129 0.122
S31 0.079 0.129 0.123
044 -0.464 -0.958 -0.963
047 -0.481 -0.950 -0.956

TABLE 6. Natural charge, natural population and natural electronic configuration of metal ions in the studied
complexes using B3LYP/ GENECP level of theory.

Atomic  Natural

Natural population

Natural configuration

0.00623 14.2425  [core]4S*'*3d**4p®1¢

0.02895  28.92723  [core]4S%43d°?4p 46440

Complex
No. charge
Core Valence  Rydberg Total
Cu(Il) 29 0.2575 8.99956 5.2367
Zn(IT) 30 1.07277  17.99939  10.89888
Cd(II) 48 1.14103 3599929 10.84238

0.0173 46.85897  [core]4S"483d7?4p374d00!

Global Reactivity Descriptors (GRD)

The calculated data of the global reactivity
descriptor using B3LYP/GENECP level of theory;
are given in Tables (7 and 8) and the graphical
representation of these data is given in Figs. (9
and 10).

They include HOMO, LUMO, energy gap
(Eg), chemical hardness (h), electronegativity
(X), chemical potential (V), electron affinity (A),
ionization potential (I) and chemical softness(S).
The frontier molecular orbital (FMO) energies
of the studied complexes were calculated using
B3LYP/GENECP and presented in Figs. (9, 10).
HOMO energy characterizes the electron donating
ability, while LUMO energy characterizes the
electron withdrawing ability. Energy gap (Eg)
between HOMO and LUMO characterizes the
molecular chemical stability which is a critical
parameter in determining molecular electrical
transport properties because it is a measure of
electron conductivity. The results in (Figs. 9
and 10) and Table 7 indicate that the smaller
the energy gap the easier the charge transfer
and the polarization occurs within the molecule.
Furthermore, the order of increasing reactivity is:
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Cu-HL > Cd-HL > Zn-HL >> HL. Using HOMO
and LUMO energies, ionization potential and
electron affinity can be expressed as I ~ -E .,
A~ - E ,, as shown in Table 7. The variation
of electronegativity (X) values is supported by
electrostatic potential, for any two molecules,
where electron will be partially transferred from
one of low X to that of high X. The results show
that the order of decreasing X (increasing CT
within the molecules) is: Cu-HL > Cd-HL > Zn-
HL >>HL.

The chemical hardness (m) = (I-A)/2,
electronegativity (X) = (I +A)/2, chemical
potential (V) = - (I+E)/2 and chemical softness(S)
= 1/2n values are calculated and presented in
Table 8.

The results of small n values for the studied
compounds reflect the ability of charge transfer
inside the molecule. Therefore, the order of
increasing the charge transfer within the molecule
is: Cu-HL > Cd-HL > Zn-HL >> HL. Considering
n values, the higher the 1 values, the harder is the
molecule and vice versa.
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TABLE 7. Global reactivity descriptors of HL, Cu (II), Cd(II) and Zn (II) chelates using B3LYP/GENECP level

of theory.
Parameters HL Cu(II) Zn(1I) Cd(n)
ET,au -1771.15624 -5335.27800 -5474.17211 -3862.53651
EHOMO,au -0.24279 -0.44772 -0.48544 -0.48038
ELUMO,au -0.03675 -0.37135 -0.29466 -0.32145
Eg,eV 5.606 2.078 5.191 4.325
w, D 1.441 5.789 3.759 3.992
LeV 6.606 12.183 13.209 13.071
A,eV 1.000 10.105 8.018 8.747
X,eV 3.803 11.144 10.614 10.909
n.eV 2.803 1.039 2.596 2.162
S,eV 0.178 0.481 0.193 0.231
VeV -3.803 -11.144 -10.614 -10.909
® 2212 1.956 0.823 0.988
Comp.
HL
Cu-HL
Zn-HL
Cd-HL

Fig. 9. HOMO-LUMO charge density maps of HL, Cu-HL, Zn-HL and Cd-HL chelates using B3LYP/GENECP
level of calculation.
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Fig. 10. Relation between EHOMO, ELUMO and Egap of HL, Cu-HL, Zn-HL and Cd-HL chelates using B3LYP/
GENECEP level of theory.

TABLE 8. Total static dipole moment (p), The mean polarizability (< o >), The anisotropy of the polarizability
(< Ao >) and the mean first-order hyper-polarizability (B (esu)) for Cu(ll), Zn(II), Cd(II) and HL
complexes using BILYP/GENECP level of theory.

Urea Cu-HL Zn-HL Cd-HL HL
x,D 5.764 0.022 0.042 -0.698
y,D -0.537 -0.158 -0.661 -1.149
z,D 0.036 -3.756 -3.937 0.519
wD 1.320 5.789 3.759 3.992 1.441
OXX,au 554.138 377.322 388.830 180.264
axy,au -49.799 -22.360 -19.509 3.665
ayy,au 330.828 306.170 311.953 128.629
oxz,au 55.086 1.648 4.708 -9.531
ayz,au 2.807 -2.699 -10.217 5.259
0zz,au 252.006 244.692 254.280 120.196
<o>,esu 5.6163E-23 4.5849E-23 4.7177E-23 2.1196E-23
<Ao>,esu 4.0225E-23 1.7036E-23 1.7326E-23 8.3472E-24
Bxxx 2819.493 3.978 12.566 -240.471
Bxxy -927.487 -9.911 -65.086 -71.691
Bxyy 564.123 1.058 -14.459 16.125
Byyy 51.070 -8.669 -50.054 -8.038
Bxxz -79.604 -235.550 -393.183 45.021
Bxyz 50.425 8.196 -45.211 -12.734
Byyz -13.561 -69.031 -97.403 17.998
Bxzz 18.235 -2.408 9.094 8.605
Byzz 5.573 -0.259 3.323 -24.563
Bzzz 135.843 -146.124 -176.337 -17.178
<p>,esu 1.95E-31 3.0339E-29 3.8972E-30 5.8424E-30 2.1077E-30
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Non-linear optical properties (NLO):

No experimental or theoretical investigations
were found addressing NLO for the studied novel
chelates; therefore, this triggered our interest to
undertake this study. NLO properties is the key
functions of frequency shifting, optical modulation,
switching, laser, fiber, optical materials logic and
optical memory for the emerging technologies
in areas such as telecommunications, signal
processing and optical inter connections [46-48,
51-54]. In order to investigate the relationship
between molecular structure and NLO, the
polarizibilities and hyperpolarizibilities of the
studied chelates are calculated using B3LYP/
GenECP level of theory (Table 8). Total static
dipole moment (p), the mean polarizability<o>,
the anisotropy of the polarizability (< Aa >) and
the mean first-order hyperpolarizibility () of
the studied complexes are listed in Table 8. The
polarizibilities and first-order hyperpolarizibilities
are reported in atomic units (a.u.), the calculated
values have been converted into electrostatic
units (esu) using conversion factor of 0.1482 x
10" esu for o and 8.6393 x 10*esu for B. Urea
is a standard prototype used in NLO studies. In
this study, Urea is chosen as a reference as there
were no experimental values of NLO properties
of the studied chelates. The magnitude of the

molecular hyperpolarizibility B is one of the key
factors in NLO system. The analysis of the P
parameter show that Cu (II)-HL chelate is ~3.7
times higher than (UREA), while Zn (II)-HL, Cd
(I1)-HL chelates and HL are 0.51, 0.81, 0.46 to
the reference respectively. Therefore, the Cu-HL
chelate is very an efficacious candidate for NLO
materials rather than other studied chelates.

Biological activity

The studied ligand is considered one of
an important class of compounds in medical
and pharmaceutical fields. They can be used
in biological applications as antibacterial and
antifungal reagents. The results of antimicrobial
activities of the prepared triazole ligand and its
metal chelates are presented in Table 9.

These results are obtained by applying
diffusion agar method [55-57]. The antibacterial
and antifungal activities were tested using
Streptomycin as a reference. The tested organisms
are Gram-positive (Staphylococcus aureus ATTC
12600), Gram-negative (Escherichia coli ATTC
11775 and) bacteria, two fungus (Aspergillus
flavus and Candida albicans). The antibacterial
and antifungal activity was evaluated by measuring
the inhibition zone (mm). The data obtained are
graphically represented and in Fig. (11).

TABLE 9. Biological activity of HL ligand and its Cu-HL, Cd-HL and Zn-HL chelates.

Inhibation zone diameter (mm/mg sample)

Sample Escherichia coli Staphylococcus Aspergillusflavus Candida albicans
(G) aureus G* (Fungus) (Fungus)

Control:

DMSO 0.0 0.0 0.0 0.0
HL 0.0 9 0.0 9
Cu -HL 10 10 9 0.0
Cd -HL 14 13 12 0.0
Zn-HL 15 14 0.0 15
Amoxicillin 13 12 9 14
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Fig. 11. Graphical representation of biological activity of HL ligand and its Cu -HL, Cd-HL and Zn-HL chelates.
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These data refer to Zn-HL chelate is the best
antimicrobial agent for all microbial organism. On
the other hand, it is found that the Cd-HL chelate
is more active than Cu-HL than HL toward the
Gram-positive (Staphylococcus aureus ATTC
12600), Gram-negative (Escherichia coli ATTC
11775 and) bacteria and (Aspergillus flavus)
fungi. Comparing these results with theoretical
calculation of electronegativity values (X) it
detected that; it is the reverse order of decreasing
X (increasing CT within the molecules) Cu-HL >
Cd-HL > Zn-HL >> HL. This is may be attributed
to the variation of the electron cloud within the
entity of chelate as confirmed by HOMO and
LUMO calculations (Figs. 8 and 9) and in Table
7. These results refer to concentration of electron
cloud around biologically active sulphur centre
of HL in moiety of Zn-HL chelate > Cd-HL>Cu-
HL> free HL ligand; which is in good correlation
with their tested antimicrobial activities. Also
this trend is correlated to theoretical calculations
of energy gap values (eV) in Fig. 10, ( Zn- HL
=5.19, Cd-HL = 4.32 and Cu-HL = 2.08) and
in reverse order to electronegativity (X) values.
The variation of electronegativity (X) values
is supported by electrostatic potential, for any
two molecules, where electron will be partially
transferred from one of low X to that of high X.
The results show that the order of decreasing X
(increasing CT within the molecules) is: Cu-HL >
Cd-HL > Zn-HL >> HL.

Conclusions

Structural and molecular properties of Triazole-
Thiole (HL) toward the transition metal ions
namely Cu (1), Cd (II) and Zn (II) have been studied
by elemental analyses, magnetic measurements,
electronic, FT-IR, '"H-NMR and thermal analyses
(TGA and DTA). All computations were carried
out using Gaussian 09W software package. The
theoretical and practical spectra of both ligand
and its metal chelates were correlated and found
to be confirming each other. The ligand and its
metal chelates had been examined against Gram-
positive (Staphylococcus aureus ATTC 12600),
Gram-negative (Escherichia coli ATTC 11775
and) bacteria, two fungus (4spergillus flavus and
Candida albicans) to give the order of the best
antimicrobial activity Zn-HL> Cd-HL> Cu-HL
>> HL as a general trend in relation to transition
metal cation standard Amoxicillin. Also this
trend is correlated to theoretical calculations of
energy gap values in eV (Zn- HL = 5.19, Cd-HL
= 4.32 and Cu-HL = 2.08) and in reverse order
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to electronegativity (X) values. The variation
of electronegativity (X) values is supported by
electrostatic potential, for any two molecules,
where electron will be partially transferred from
one of low X to that of high X. The results show
that the order of decreasing X (increasing CT
within the molecules) is: Cu-HL > Cd-HL > Zn-
HL >> HL.
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