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Synthesis and Characterization of New Triazole
Ligand with Some Transition Metals
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Abstract

The work includes synthesis and characterization of new ligand and its complexes with divalent metal ions such as
cobalt, nickel, copper and zinc. This project includes firstly, the synthesis of Schiff base by reacting
P-aminoacetophenone with 2-amino-6-methylpyridine by the reflux reaction for 6 hr. and at 70 ° C. The second step
involves the synthesis azo-Schiff base containing ligand which was prepared by the reaction of the Schiff base with
the heterocyclic 1,2,4-triazole. The prepared ligand was characterized using spectroscopic methods such as Infrared
spectrum, UV-visible spectrum, THNMR and 13CNMR spectrum. In the third step, the ligand complexes were prepared
by the reaction between the ligand and the metal ion salts to obtain the related metal complex. Some properties of
the prepared compounds were studied such as the solubility. The prepared complexes were characterized using IR
spectroscopy, UV-Visible, conductivity, magnetic sensitivity, and the atomic absorption technique was used to

determine the percentage of each metal in its complex.
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Introduction

Some transition metal complexes with Schiff bases
containing ligands have received more attention
due to their use in different fields such as biological
and catalytic fields(Pratihar et al., 2019). Their use
in such applications is due to the important linkage
between the metal and the Schiff base which occurs
through the azomethine group(Al-Aghbari et al,
2019; Saad et. al 2018).

On the other hand, metal complexes with azo group
containing ligands have studied extensively (Jber,
2011). Such complexes have been used as dyes in
textile and plastic industries because of their strong
color(Batari, Orijajogun and Aboki, 2020)
(Mohammed and Syhood, 2018) (Kribaa et al,
2019; Alrazzak et. al 2019).

By combining these two groups together (azo dyes
and Schiff bases) a new category of compounds has
been obtained (Ispir et al, 2019). The resulted

compounds which consist of azo and azomethene
groups are considered to be important because
they are stable (Kasare et al., 2019)and biologically
active compounds where they can be used for
cancer treatment(Kasare et al, 2019; Ghafil et. al
2020).

In this work azo-Schiff base ligand and its
complexes with Co?+, Ni2*, Cu?* and Zn2* were
synthesized and characterized using different
technique.
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Experimental and Methods
Materials

All the used compounds are commercially available
and they have been used with no further
purification. Spectrophotometric measurements
were made with ShimadzuUV-Visible-1650Pc
double beam. The FTIR measurements were made
using Shimadz 8400 Series Japan. The tHNMR and
1I3CNMR measurements were made in Bruker Ultra
Shield 300 MHz, Iran, using DMSO as a solvent.
Atomic Absorption Spectrophotometer Flame
Model Shimadzu 2600. Electricmolar conductivity
measurements were carried out at room
temperature using an Alpha digital conductivity.

Synthesis of 4-(1-((6-methylpyridin-2
yl)imino)ethyl)aniline -Schiff Base
p-aminoacetophenone (1.35 g, 0.01 mol) was
dissolved in 25 ml of absolute ethanol, 2-amino-6-
methylpyridine (1.08 g, 0.01mol) was dissolved in 5
ml of absolute ethanol, the two solutions were
mixed together and refluxed for 7 hr. at 72 °C. After
that light yellow crystals of Schiff base were
formed. The Schiff base compound was
recrystallized using absolute ethanol and water.
Yield: 85.4%, m.p. 101-103.

Synthesis of 1-(4-((E)-(1H-1,2,4-triazol-5-
yl)diazenyl)phenyl)-N-(6-methylpyridin-2-yl)ethan-1-
imine-azo— Schiff Base Ligand [L1]

The prepared Schiff base (2.25g, 0.01 mol) was
dissolved in distilled water (17 ml) and HCI (3 ml).
A solution of NaNO; (0.68g, 0.01 mol) was
dissolved in distilled water (10 ml) and was
gradually added to the Schiff base solution. The
mixture temperature was kept at 0-5 ° C and left to
stir for 15 min. until the diazonium salt was formed.
A solution of 1,2,4-triazole (0.69 g, 0.01 mol) was
prepared by dissolving the 1,2,4-triazole in 50 ml
10% sodium hydroxide. Finally, the cold diazonium
salt was added gradually to 1,2,4-triazole solution.
The mixture was left for 24 hr. then filtered and the
sediment washed with distilled water and
recrystallized from hot ethanol. Yield : 85.3%, m.p.
144-146.

Syntheses of Metal Complexes with L1
Synthesis of Cobalt (11)- Complex

The cobalt (II)- complex with L; was synthesized in
(1: 2) (M:L) ratio by the reaction between (L1) (0.5
g, 0.0016 mol) which was dissolved in absolute
ethanol (25) ml and a solution of cobalt (II)
chloride hexa hydrate (0.194 g, 0.0008 mol) which
was dissolved in absolute ethanol (5) ml. This
mixture was refluxed for 1 hr. at 70 ° C. The
resulted precipitate was filtered, washed with
distilled water and absolute ethanol, dried and
recrystallized from hot ethanol. Color, golden, yield:
59%, m.p. 103-105° C. Copper (1) and zinc(II)
complexes was prepared by the same procedure
using the metal salts CuClz. 2H20 and Zn(CH3COO)s,.
2H;0. For copper (II), color, dark brown, yield:
57%, m.p. 112-114° C. For zinc (II), color, dark
brown, yield: 62%, m.p. 152-154° C.

Synthesis of Nickel (11)- Complex

The nickel (II)- complex was synthesized in (1: 2)
(M:L) ratio by dissolving (L1) (0.5 g, 0.0016 mol) in
absolute ethanol (25) ml. Nickel (II) chloride hexa
hydrate (0.194 g, 0.0008 mol) was dissolved in

absolute ethanol (5 ) ml. The two solutions were 166
mixed together and refluxed for 2 hr. at 70°C. After

that, a precipitate was separated, washed with
distilled water and absolute ethanol, dried and
recrystallized from ethyl acetate/ hexane. Color,
dark brown, yield: 52%, m.p. 122-124° C. Scheme 1
shows the synthesized Schiff base, the ligand and
its complexes.
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Scheme 1. Synthesis rout of compounds [Schiff base,L; and metal complexes]

Results and Discussion

The IR spectrum of this Schiff base (fig.1 ) shows a
significant change which is the absence of (C=0)
signal at (1643.41cm) and the formation of the
new peak that related to (C=N) at (1651.12 ) cm!
(Al-Aghbari et al, 2019). Another change which is
also the absence of (NH3) group signal that related
to 2-amino-6-methyl pyridine at (3309 and 3174)
cm! which can be considered as another evidence
of the formation of (C=N) bond.

In addition, 'H-NMR (8, ppm) spectrum (fig. 2)
shows the appearance of single signal at 3.37 for
(2H,NH>), single signal at 2.2 for (3H,CH3) group of

Schiff-base (CH3- C=N),(Chandra and Sharma,
2009) single signal at 2.39 for (3H,CH3) group of
pyridine (CH3-C=N) and the appearance of several
signals at 7.6-7.7 for (H-Ar). (Taha et al,, 2020)

The 13C NMR (6, ppm) spectrum of the Schiff base
(fig.3) had characteristic signals at 165.3 of the
azomethine carbon, C=N spectra and characterized
by absence of the aldehydic signal from the
corresponding aromatic ketone. (Al-Aghbari et al,
2019) and appearance signal at (25.33) for
CHs- C=N and signal at (26.36) for (CH3) in pyridine
and signals at (112-160) for C aromatic ring.
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Fig. 2. '"H-NMR spectrum for Schiff base
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Fig. 3. 13C-NMR spectrum for Schiff base

For the prepared ligand the IR spectrum of it (fig.4) band for (NH) of 1,2,4-Triazole at (3201) cmL. The
exhibited a band at (1440) cm! for(-N=N-) and a 1H-NMR spectrum (fig.5) shows single at (13.07)
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for (H, NH) (Wu et al,, 2019) of triazole, a single at CHz- C=N and signal at (27.38) for (CHs) in pyridine
(2.08) for (3H, CH3-C=N) of Schiff-base, a single at and signal at (140-160) for triazole ring (Ghamari
(2.29) for (3H,CHs-C=N) of pyridine. (Shahzad et al, kargar et.al, 2020)and signals at (112-160) for C
2019). aromatic ring.

The 13C-NMR (6, ppm) spectrum (fig. 6) exhibits

signal at 165.03 for C=N and signal at (21.38) for
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UV-visible Spectrum of Complex and Ligand

The electronic spectra of the prepared ligand (L1)
was measured in the range ( 200-800) nm at room
temperature using ethanol as a solvent. The
spectrum of (L1) ( fig.7) shows three absorption
bands at 237, 264 and 381 nm. The first two bands
belong to the transitions (m—m* ) (V. A. Lopyrev, N.
N. Chipanina, L. G. Rozinova G. 1. Sarapulova, R. G.
Sultangareev, 1978), while the third peak is related
to n—»m* Table (1) shows the main absorption
peaksin L1.

Table 1. Electronic transitions and wavenumber values of the
prepared ligand

ligands 3 (nm) | Transition type
C16H1sN7 (L1) | 381 n —-m*

264 -t

237 mo*

The UV-Vis spectra of the related complexes (fig.7)
were either a red shifted for example, in Co2+, Niz+
and Cu?* complexes, while it was blue shifted in
Zn2+ complex. The shift in the complexes spectra
indicates the complex formation.
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Fig. 7. UV. Visible spectra of (L1,C1,C2,C3 and C4)

FT-IR Data of the Main Absorption Band for L; and its
Metal Complexes

The FTIR spectra of the ligand (L1) shows peak at
3201 cm! which indicates the presence of -NH
group in the 1,2,4-triazole ring and also shows peak
at (1672.43) cm! which refers to amine group in
Schiff base (Warad et. al, 2020). Another new
peaks at (1440) cm! for (N=N) (Majeed et al,
2011) this is an evidence that the Schiff base
associated with triazole through the azo dye.

In the complex spectrum, shows broad peaks in the
range (3321-3462) cm-1 for the metal complexes
which indicate the presence of hydrated water, and
it was noticed that the C=N group peak at (1672.34)
cm-! was not changed in zinc complex. However, it
was shifted to (1678.13) cm-! in nickel (Saranya et.
al, 2020) (1674.27) cm'! in cobalt (Ommenya et. al,
2020) (1683.91) cm?! in copper complexes
(Bhowmick et. al, 2020) and (1674.27) cm!
(Ommenya et al, 2020). However, this did not
mean that shift in this peak is indicating the
coordination through the nitrogen atom in the
Schiff base with the metal ions.

In addition, there is a shift in the azo group
frequency which appears at (1440) cm! to lower
frequencies, for example, for cobalt complex it was
slight shifted to (1438.94) cm',while in nickel
complex it appears at (1421.58) cm! and in copper
complex it appears at (1431.23) cm!(Kilingarslan,
Erdem and Kocaokutgen, 2007). However, in zinc
complex there was change in its intensity only. This
means also occur through the nitrogen atom of the
azo group.

Another important peak which is related to C=N in
the triazole ring which appears at (1527) cm! in
the free ligand which was shifted in some
complexes to lower wavelengths (1525) cm in
Niz+, Cu?* and Zn?* complexes which means that the
coordination occurs through the nitrogen atom in
-C=N group of the triazole ring. In Co?* complex this
peak was changed only in intensity. Table (2) gives
a summary of L; and its complexes IR main bands.
While, Figures (8-12 ) show the IR spectra of L1 and
its complexes.

—
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Table 2. Summary of L1 and its complexes IR main bands

Symbol of compound H20 hydrated | -C=N Schiff base | -C=N triazole | N=N M-N
L | - 1672.34 1527 1440
[Co(L)2Cl2].2H20 3321-3444 1674.27 1527 1438.94 | 455
[Ni(L)2Cl2].2H20 3302-3462 1678.13 1525 1421.58 | 526
[Cu(L)2Cl2].2H20 3344-3446 1674.27 1525 1431.23 | 497
[Zn(L)2(CH3CO0O0)z2]. 2H20 | 3425 1672.34 1525 1408.08 | 470
115
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Fig. 8. FTIR spectrum for (L1)
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Solubility

The solubility of the ligands and their complexes
was tested in both polar and non-polar solvents
and the results are shown in the tables (3).

Table 3. Solubility of ligand (L1) and its related complexes in
different solvents

172
determined using the atomic absorption technique.
The results show a good matching between the
theoretical values and the practical values. In
addition, the results support the proposed

structure of the complexes as shown in table (4).

Table 4. Practical and theoretical values for the ratio of metals

Solvent | L Compl | Compl | Compl | Compl | inthe prepared complexes

ligan | ex of | ex of |ex of|ex of || Metal complexes Theoretical | Practical

d Niz* Co2+ Cu2+ Zn? value % value %
Water - - - - - [Co(L)2Cl;].2H20 7.59 7.1
Ethanol | + + + + + [Ni(L)2Cl;].2H-0 7.56 6.8
Chlorofor | + * * * * [Cu(L):Cl>].2H,0 8.13 7.15
zetone " " " " " [Zn(L)2(CH3C00)2].2H.0 | 7.88 6.51
DCM + + + - +

Despite the high dielectric constant of water in
comparison with that one of ethanol, these
compounds are insoluble in water and soluble in
ethanol. This is due to the interactions between the
solvent and the compound which result in
decreasing the effect of the dielectric constant
(Dack, 1979).

Atomic Absorption
The metals content in their complexes were

Magnetic Susceptibility

According to the obtained results of magnetic
susceptibility measurement, it was found that the
all the metal ions are paramagnetic apart from zinc
complexes and the complexes have the octahedral
shape (Lufaso, 2013). The results are listed in the
table (5).
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Table 5. Magnetic measurements, magnetic properties and the
complexes structure

Compounds peff | Magnetic Suggeste
(B.M | properties d

) structure

[Co(L)2CI2].2H20 4.67 | Paramagnet | Octahedr
ic al

[Ni(L)2Cl2].2H20 3.40 | Paramagnet | Octahedr
ic al

[Cu(L)2Cl2].2H20 1.93 | Paramagnet | Octahedr
ic al

[Zn(L)(CH3C00)2].2H | 0.0 Diamagnetic | Octahedr
20 al

Molar Conductivity Measurements

The molar conductivity of the prepared complexes
was measured in ethanol and at the concentration
(1*103) M. The values of molar conductivity is
given in table (6). It is obvious from the molar
conductivity results that the complexes are
non-electrolytic due to the presence of the counter
ions inside the coordination sphere (Geary, 1971).
Another evidence of the non-electrolyte behavior of
these complexes is the addition of silver nitrate
solution to the metal complexes solutions (apart
from the zinc complex) where the result shows no
white precipitate of AgCl. Which means that the
chloride ions are available inside the coordination
sphere and this agree with the proposed structure
of the complexes.

Table 6. The values of molar conductivity of complexes at
(1*10-3) M in ethanol

Molecular formula of Molar conductivity of

complexes complexes at (1*10-3) M in
ethanol (Ohm-.mol-1.cm1)

[Co(L)2Clz].2H20 29

[Ni(L)2Clz].2H20 30

[Cu(L)2Cl2].2H20 19

[Zn(L)2(CH3C00)2].2H20 4.1

Conclusions

The ligand which derived from azo dye - Schiff base
was synthesized in a high yield by the traditional
and simple methods. This ligand was characterized
using IR spectroscopy, 'HNMR and 13CNMR
spectroscopy. Cobalt(Il), nickel(Il), copper(Il) and
zinc (II) have formed complexes with this ligand in
the ratio (1:2) (M:L). These complexes were also
characterized using IR spectroscopy, UV-Visible
spectrophotometer, atomic absorption technique,
magnetic susceptibility and molar conductivity.
According to the measurements these complexes
are octahedral, non-electrolyte and the ligand acts

as a bidentate ligand which coordinates with the
metals through the azo group and the -C=N group
in the triazole ring.
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