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ABSTRACT. This work describes the synthesis of new metallic complexes with azo-based ligand 5-(2-(1H-1,2,4-
triazol-3-yl)hydrazinyl)-2-hydroxy-4-methoxybenzaldehyde. The new ligand was prepared by the condensation
reaction of 4-amino-1,2,4-triazole with 2-hydroxy-4-methoxybenzaldehyde in 10% (v/v) hydrochloric acid. The
new ligand, L, was characterized on the basis of elemental analysis, FT-IR, *H-NMR, and *C-NMR spectra. In
addition, the mass spectrum revealed the chemical structure of the free azo ligand. The metal complexes were
prepared in their solid state after adjusting to the reaction conditions, including the reaction time, mole ratios (M:
L), and pH of the reaction medium. The prepared complexes were characterized based on elemental analyses (C, H,
N, and S), IR, UV-visible spectra, molar conductivity, and magnetic susceptibility measurements. Spectroscopic
and magnetic data were consistent with an octahedral geometry around the metal(lI1) ions. The spectroscopic study
of metal complexes formation involved the effect of time, mole-ligand ratio, and the adjustments of PH degree,
which investigated the Maintenance of regions (6.5-7.5) for precipitation of the colored complexes in ethanol
medium after (30-45) minutes of refluxing reactions. As well as the calculations of formation constants K by
spectroscopic technique, it was found that the cobalt (1) complex showed a value equal to 3.738 x 10% L.mole™
compared with the other complexes.

KEY WORDS: Metal complexes of 1,2 4-triazole, Azo ligands of triazole, Spectroscopic study of triazole
complexes

INTRODUCTION

The 1,2, 4-triazole is a five-membered aromatic heterocycle containing three nitrogen atoms, two
of which are adjacent within the ring [1,2]. It is possible to envisage two tautomeric forms, like
1,2,3-triazole and 1,2,4-triazole, and the theoretical and empirical approaches suggest that the
preferred structure is the 1,2,4-triazole isomer [3]. The derivatives of 4-amino-1,2,4-triazole have
been explored with great attention in recent years due to their unique physical and biological
properties and their wide spectrum in the synthesis of polydentate Schiff bases due to their amino
group, concerning condensation with active carbonyl compounds [4-6]. As well, the researchers
have developed a synthetic route for designing bis-triazole ligands that can form thermally stable
metallic complexes [7, 8]. Kol et al., Kumari and co-workers [9, 10], have described the
spectroscopic and biochemical studies of 1,2,4-triazole ligands with their metal complexes, and
they have investigated their activity against a wide Waleed A. Jawad spectrum of bacteria and
fungi. The above-mentioned literature has encouraged us to prepare new azo dye-based 1,2,4-
triazole ligands with their cobalt(ll), nickel(I1), and copper(Il) complexes and study their kinetic
stability in solutions.
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EXPERIMENTAL

All common chemicals, including organic, inorganic, and solvent, have been used in this study
without further purification. The chemicals such as CoCl,.6H,0, CuCl,.2H,;0, and NiCl,.6H,0,
were produced from Sigma-Aldrich and Merck Companies. As well as the starting materials, 3-
amino-1,2,4-triazole, hydrochloric acid (36.5 %, v/v), and apocynin (2-hydroxy-4-
methoxybenzaldehyde) were supplied from Santa Cruz Biotechnology Group, Amman, Jordan,
with 98% and 99% purity, respectively. The H- and *C-NMR spectra of the ligand were
measured on a DMX-500 MH BRUKER NMR spectrometer at Basrah University, Iraq. The FT-
IR spectra of the prepared ligand and complexes were recorded in the 4000-200 cm region using
an IR Affinity-1-Shimadzu IR spectrometer at the BPC analysis center, in Mustansiriyah
University, College of Science, Chemistry Department, Irag. The UV-visible spectra of the ligand
and metal complexes solutions in absolute ethanol and DMSO solvents (10 M concentration)
were carried out on a 1990 1-Shimadzu UV spectrometer in Al-A'dhamiyah, Baghdad, Irag. The
elemental micro-analyses of the ligand and metal complexes were estimated using a Vario ELV5
CHNS Elemental analyzer model 11086109, Germany. The molar conductivity of the complex
solutions in DMSO was recorded on a WTW-740 conductivity meter apparatus with a platinum
electrode as the working electrode, with the cell constant equal, Kcell = 1 cm™, in the instrumental
analysis laboratory, Department of Chemistry, College of Science, Mustansiriyah University. The
readings of magnetic susceptibility of the solid complexes were determined at room temperature
on the Sherwood Magnetic balance apparatus with Pascal’s constants correlations at the
Chemistry Department, College of Science, Mustansiriyah University. Spectrophotometer model
Cecil CE 101, UK, was used to determine the levels of Zn and Cu.

Synthesis of the 5-(2-(1H-1,2,4-triazol-3-yl)hydrazinyl)-2-hydroxy-4-methoxybenzaldehyde (L)

The new azo dye ligand of 1,2,4-triazole was prepared in two sequences steps, the first involved
the formation of diazonium salt: Dissolve 0.84 g, (0.11) mole of 3-amino-1,2,4-triazole in a
mixture of 2.5 mL concentrated HCI and 10 mL of distilled water, and after cooling the solution
to (0-5 °C) using an ice water bath, slowly add a chilled solution of 0.76 g sodium nitrite dissolved
in 5 mL of water drop-wise until complete diazonium salt formation under this optimization. The
second step of azo coupling involved the slow addition of the cold diazonium salt solution
(Step 1) to the alkaline solution of the 2-hydroxy-4-methoxybenzaldehyde (1.52 g, 10 mmol) with
vigorous stirring. Then, maintain the pH between 5 and 7 using a saturated sodium acetate solution
if the mixture becomes too acidic; the coupling occurs most efficiently in weakly acidic to neutral
conditions for this specific triazole. Then, stir the mixture at 0 °C for 90 minutes, then allow it to
reach room temperature. The crude dark brown azo derivative was washed thoroughly with cold
water to remove inorganic salts and excess of HCI, and after drying in air for 2 hours, the
recrystallization from hot ethanol afforded the pure azo ligand, Scheme (1)

CHO CHO

N
( >/NH2 N
+
/ NaNO, \HCl //N\( ﬁ
HN—N (0-5 °C)/ stirring N \ NH
N_——
OCHj, OCHg

Scheme 1. Synthesis of azo-based ligand of 1,2,4-triazole.

Synthesis of the metal complexes C1-C4
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Cobalt(I1) complex C1

A solution of L (0.247 g; 1 mmol) in ethanol 15 mL) was added to an ethanolic solution of
CoCl2.6H20 (0.237 g, 1 mmol). The dark green mixture at pH = 8.0 (adjusting the addition 3 mL
of 5 % KOH solution) was formed and then the reactants were refluxed for 45 minutes Finally,
the complex was separated from the filtrate, continuously washed with ether, and finally dried in
air and oven for two hours, Chemical formula: C1oH13CI,CoNsOs, m.p (270-272) °C, yield 75%.

Nickel(Il) complex C2

L (0.247 g; 1m mole) in ethanol to an ethanolic solution of NiCl,-6H,O (0.265 g, 1 mmol). The
greenish-yellow mixture at pH = 7.5 (adjusted by the addition of 1 mL of 10% ammonia solution)
was formed, and then the reactants were refluxed for 60 minutes. Finally, the complex was
separated from the filtrate, continuously washed with ether, and finally dried in air and oven for
two hours. Chemical formula: C1oH13CI2NsNiOs, m.p > 285 °C Dec, yield 68%.

Copper(I1) complex C3

L (0.247 g; 1 m mole) dissolved in 20 mL of hot ethanol to an aqueous solution of CuCl,.2H,0
(0.171 g; 1 m mole) in 10 mL of distilled water. The reaction mixture was adjusted to a pH in the
range of 8.5 by adding 5 drops of 10% ammonia solution, and the reactants were then stirred for
30 minutes in the water bath. A pale green precipitate was formed and its yield equals about 90%.
The resulting solid complex was obtained by filtration, washed continuously with diethyl ether,
and then left to dry in a CaCl,dryer. Chemical formula: C10H15Cl,CuNsOs, m.p 295 °C Dec.

CHO
HO

N ..
Stirring/EtOH
//N\< ﬁ + MCI2.nH20 = [ML1(H20)2C12]
N N——NH Reflux

OCH;

M(1I)=Co,Ni or Cu
n=6 for Co and Ni
n=2 for Cu

Scheme 2. Synthesis of metal complexes C1-C3.

RESULTS AND DISCUSSION
Characterization and Physical properties of ligand and its complexes

The structure of the new azo ligand 5-(2-(1H-1,2,4-triazol-3-yl)hydrazinyl)-2-hydroxy-4-
methoxybenzaldehyde was confirmed based on the elemental analysis and the observed data of
NMR, MS, and IR spectra. The TLC for the chalcone and the prepared ligand were consistent
with their purity before starting spectral and other elemental analysis studies. The metal
complexes prepared in the recent study were non-hygroscopic (stable at room temperature) and
crystalline solids. The solubility of the metal complexes in the common organic solvents was
studied, where they are insoluble in ethanol and water and soluble in DMF, DMSO, and
acetonitrile. The observed data from (CHNS) elemental analyses and metal contents from flame
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atomic absorption spectroscopy (FAAS), Table 1, agreed with the calculated values and supported
their chemical formula with mole ratios (1:1) of ligand to metal ions. Furthermore, the molar
conductivity of all complex solutions falls in the region of 10-18 ohm™* ¢cm? mol, which indicates
the neutral character due to the involvement of chloride ions in the inner-sphere of complex
structures. Table 1 shows the micro-elemental analyses of the prepared ligand and its complexes
and some physical properties. All the complex solutions in DMF had no electrolytes due to the
absence of cationic or anionic counter ions in their chemical structures, with recording molar
conductivity values in the range 18-22 ohm*.cm?mole™? thus it supports their suggested chemical
formula as [M(L)Cl»(H20).], where M(l1)=Co, Ni or Cu(ll) respectively [11, 12].

Table 1. Some physical properties and elemental analyses of the prepared [L] and its complexes.

No. | General formula/ | M.wt (g/mole) m.p Micro elemental analysis
color Chemical formula| (°C) (Found)
(Calc.)
C% H% N% M%
L C10HgNsO03 247.3 260-262 | (47.50) (3.01) (27.77) -
Dark brown C10HgN5Os 45.36 2.60 26.13
C1l | [Co(L)(H20):Cl2] 411.96 298-300 | (26.28) (3.99) (15.78) (13.76)
Orange C10H13CI2CoNsOs 27.08 3.04 15.88 14.27
C2 | [Ni(L)(H20)2Cl2] 410.96 >285°C| (26.79) (3.77) (16.90) (12.71)
Red C10H12CI2NsNiOs | Dec 27.09 3.15 16.17 13.04
C3 | [Cu(L)Cl2(H20)2] 415.99 295 (27.45) (3.99) (17.45) (14.93)
Reddish brown | C10H13Cl2CuNsOs | Dec. 25.99 3.09 16.90 15.22

Mass spectral studies

The mass spectrum of the ligand L showed a peak at m/z = 247.30 amu assigning to the molecular
ions of the prepared azo ligand and the equal intensity. However, the base peak at m/z 218, 162,
149 and 108 were associated with the cleavage of -OCH3 and -OH groups respectively [13, 14].
As well as the base peak recorded at m/z 53 may be assigned to the molecular ion of the triazole
ring as a stable intermediate in the gas phase of the mass spectrum, Figure 1.

File  :CAMSDCHEM\DATA\SnapshofKHAZIR-L1- - D

Acquired 29 Sep 2025 15:34  using AcqMethod default m
Instrument : direct mass
Sample Name:

Misc Info

Vial Number: 1

burgan

o Scan 125 (1.315 mink KHAZIR-L1- - Didata ms

110000

Figurel. MS spectrum of L.
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NMR spectra

The solution of azo-based triazole in ds-DMSO solvent recorded a singlet peak at 3.79 ppm
associated with the nuclear spin of methoxy protons [15, 16]. The aromatic protons were resonated
at about 7.31 and 7.88 ppm whereas the de shielded protons of triazole —-NH was assigned at 8.66
ppm and the phenolic —-OH and aldehyde —H-C=0 moieties were displayed at 12.00 and 10.00
ppm respectively. Furthermore, the *C-NMR spectrum recorded absorptions at 56.9 ppm which
is already assigned to carbon of —OCHj5 attached to aromatic ring [17] whereas the aromatic
carbon atoms resonated in the region (125.8-138.1) ppm. As well as the carbon atom of the triazole
ring and aldehyde H-C=0 appeared at 149.8 ppm and 154.0-200.1 ppm, respectively. The good
agreement of H-NMR absorptions with those of *C-NMR really gives strong evidence for the
chemical structure of the new azo triazole ligand. The data obtained from the center of analysis
are presented with their chemical shifts in ppm units and assigned as follows:

IH-NMR (300 MHz, DMSO0): § = 3.79 (s, 3H, OCHz), 7.31 (s, 1H, ArH), 7.88 (s, 1H, ArH),
8.66 (s, 1H, CH triazole), 10.00 (s, 1H, CHO), 10.60 (s, 1H, NH triazole, 12.00 (s, 1H, OH ). **C
NMR (125.8 MHz, DMSO): ¢ = 56.9 (OCHs), 125.7, 127.2 (CH), 130.9, 137.9, 138.1, 143.9,
149.8, 154.0 (C), 200.1 (CO).

IR spectra of azo-based 1,2,4-triazole, L, and its complexes

The new azo dye ligand, L, showed strong bands at 1695,1648 and 1585 cm™%, which are consistent
with the stretching modes of H-C=0O aldehyde, azo-N=N-, and triazole —C=N- groups,
respectively [15,16]. As well as the medium band at 3350 cm™ is assigned to —N-H of the triazole
ring. The IR spectra of the synthesized complexes were compared with that of the prepared ligand.
The spectra of the complexes showed the absorption bands characteristic of the ligand with some
differences ascribed to the formation of the respective ion associated. The ligand exhibited a band
at 1697 cm™ which refers to the stretching frequency of v(C=0). No change in position or
intensity was recorded for this band in the complex's spectra, which supports the non—coordination
of the ligand with the central metal ion. The band of the v(N=N) appeared in the ligand spectrum
as a strong band at 1548 cm™ [18, 19]. This band represents a characteristic feature of the azo
compounds. The intensity of this band was diminished in the complexes spectra while a new band
at lower frequency, ~1510 cm™, was appeared. A number of new bands not presented in the free
ligand were seen. However, the most noticeable changes are in the 550-422 cm region. The weak
and medium bands appeared in this region may belongs to the v(M—N), Table (2). This will
support our result about the coordination sites of the ligand L with metal ions.

Table 2. FT-IR vibrational frequencies (cm™) of the free ligand (L) and its corresponding metal complexes.

Functional group Free ligand (L) C1 complex C2 complex C3 complex
assignment
v(N-H) 3085 m 3182 m, 3148 w, 3088 m 3049 m
v(O—H) water 3180s 3500 br 3420 br 3390 br
v(N=N)azo 1548 s 1510s 1529 s 15255
v(C=N)triazole 1621 s 1553 s 1594 m 1592 m
v(C-N) 1340 m 1334 m 1343 m 1337 m
v(C—0)phenolic 1270's 1274 s 1290 s 12825
v(M-0) — 524 w, 508 w 526 w, 486 w 512 w, 469 w
v(M=N) — 472 w, 425 w 486 w 452 w, 428 w

Abbreviations: v: stretching vibration; Band intensities: s = strong, m = medium, w = weak; : No absorption
band detected in this region.
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Electronic spectra of L and its metal complexes

The dark orange solution of azo dye, L, in absolute ethanol exhibited two bands at 269 nm,
37174 cm?, and 330 nm, 30304 cm'%, which are assigned to n-n* and intra-ligand charge transfer
transitions, respectively [2, 20], Figure (S1). The green solution of C1 complex in DMF solvent
generally exhibited three absorption bands in the regions 669 nm, 14947 cm™ and 611 nm,
16366 cm™ assigning to spin-allowed transitions “Tig—*T,g (F) (v1) and *Tig—*Axg (F)
respectively, Figure (S2). The highly intense peak at 332 nm, 30120 cm™, is mainly assigned to
LMCT transition [21]. Based on the T-S diagram for high-spin octahedral of 3d” configuration,
the ratio vo/v1 found to be 1.09 which resulted in the values of y1, y», and X intercepts at E1/B’,
E»/B', and Dg/B’ found to be 28, 20, and 25 respectively, the calculation refer B’ equal to
675 cm™ and 10Dq equal to 675 x 25 = 16875 cm™ indicating octahedral environment around
cobalt(ll) ion [22]. The electronic spectrum of C2 in DMF solvent displayed a weak band at
10141cm, 986 nm which is consistent with *A,g(F)—°T,g(F), whereas the high-intense peaks
located at 29850 cm™, 335 nm, and 37037 cm™, 270 nm may be assigned to LMCT and n-n*
transitions respectively which is consistent with octahedral environment around nickel(ll) .
Furthermore, the intense green solution of C3 complex in DMF showed two weak absorptions at
around 10845 cm?, 922 nm and 15625 cm, 640 nm, which are assigned to 2B1—2E2 and
2B1—-2B2, respectively. These low-energy bands correspond to pseudo-tetrahedral geometry
around the copper (I1) ion. As well as the high-intensity peak at 30211 cm™, 331 nm is assigned
to charge transfer of MLCT type due to the dn-n* interaction of -N=N- moiety with 3d® orbitals
of copper(ll) ion [22], Figure (S3). The magnetic moments of the solid complexes recorded at
room temperature spin-only formula for the copper (1) complex, C3 at 1.80 BM confirming the
distorted octahedral environment around copper (I), while the cobalt(ll), C1, and nickel(ll)
complex, C2 recorded values at 4.82 and 2.90 BM due to the orbital contributions for 3d” and 3d?®
configurations to high-spin octahedral geometry [23].

Table 3. Electronic spectral data for (L) and its complexes.

Compound | A(nm) | v(cm?) Assignment peff.(B.M) | B'(cm?) | 10Dq Geometry
(cm™t) | structures

L 260 | (37174) - : N 3 _
330 | (30304) INCT
C1 669 | (14947) | “Tig—"Tog (F) 4.82 650 16875 | Octahedral

611 | (16366) | “Tig—*Acg (F)
357 | (28000) | “Tig—*Tig (P)

332 | (30120) CT

c2 986 | (10141) | 3Axg—3Tog (F) 2.90 789 21560 | Octahedral
335 | (29850) | *Asg—3Tig (F)
270 | (37037) LMCT

C3 922 (10845) 2B;—2E2 1.80 - - Distorted
640 (15625) ?B;—?B2 octahedral
331 | (30211) cT

Calculation of stability constant of complexes

The stability constant for Co(ll), Ni(ll) and Cu(ll) complexes in a 1:1 M: L ratio was calculated
according to Equation (1):

_l-a
40°C? (1)

Bull. Chem. Soc. Ethiop. 2026, 40(11)



Synthesis, characterization and spectroscopic study of Co(II),Ni(I) and Cu(Il) complexes 2439

While the stability constant of Co(ll) and Ni(ll) in a 1:1 M:L ratio was calculated according to
Equation (2):
K= 170 @)
9a*C?
C = Concentration of metal ion (mole/L)
( = Degree of dissociation which can be calculated from Equation (3):

o Am — As
Am ©))

Am = Absorbance of solution containing an excess of ligand
As = Absorbance of solution containing a stoichiometric amount of ligand and metal ion [19]

Table (4) contains the value of (As, Am, (K, logK). The high value of K gave good
information on the stability of the complexes [23, 24]. The effect of concentrations of metal ions
and ligand of azo in the region 0.001-0.003 M was shown in the supplementary [25], Figure S3.
As well as the effect of pH, confirmed the high efficiency of the azo dye ligand of triazole to bind
as a hard base toward nickel(Il) ion in the pH range of 7-7.8, whereas the binding of cobalt(ll)
and copper(ll) ions was strongly chelated at pH = 6.5-7.30 range, Figure S4.

Table 4. Stability constant of complexes.

Complex As Am a K (L.mol'%) Log K
Cl 0.400 0.682 0.413 3.738x108 8.572
C2 0.323 0.751 0.569 1.085x108 12.035
C3 0.411 0.770 0.466 1.311x108 8.117

CONCLUSIONS

According to the results obtained from elemental analyses and IR, NMR, UV-Visible spectra, and
magnetic moments measurements, all the metal complexes were of an octahedral geometry. The
azo dye ligand prepared via 3-amino-1,2,4-triazole precursor behaved as a bi-dentate Lewis base
through the nitrogen of the azo moiety and the N-3 position of the triazole ring. The spectroscopic
study of complex solutions in ethanol investigated the mole-ratio 1:1 ligand to metal ion, and the
stability constants of metal complexes lie in the range 3.738 x 108 - 1.08 x 108, confirming the
hard soft nitrogen system of the new azo-dye ligand.

CHO
HO
N N\
¢ >
<
OcH; /
—cClI

M(I1)=Co, Ni or Cu
Scheme 3. Octahedral complexes formed with azo-dye ligand, L.
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