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Abstract
Green, efficient and clean synthesis of a Schiff base ligand, 1-(((1H-1,2,4-triazol-3-yl) imino) methyl) naphthalen-2-ol (TMN) has been synthesized in equimolar reaction (1:1) of 3-amino-1,2,4-triazole as a primary amine and 2-hydroxy-1-naphthaldehyde as an aldehyde using microwave irradiation technique. The synthesized Schiff base ligand was then reacted with four transition metal ions Co(II), Ni(II), Cu(II) and Zn(II)
in 1:1 molar ratio of ligand and metal acetate using microwave technique. The stereochemistry and the bonding characteristics of the ligand and
its metal complexes were achieved based on elemental analysis, FT-IR, UV-Vis., NMR and ESR as well as Thermo-Gravimetric Analysis (TGA). The
thermal dehydration and decomposition of Co (II), Ni(II) and Cu(II) complexes were studied kinetically using the integral method applying the
Coats-Redfern and Horowitz Metzger equations. The antimicrobial activities of ligand and its Zn (II) complex were studied against the bacterial
(positive and negative) grams and fungal strains.
Keywords: Green chemistry; Microwave irradiation; Schiff base; Triazole; Spectral; Thermal analysis; Biological activity

Introduction
Nowadays, the protection of our environment and our health
is becoming increasingly important due to the worldwide spread
of green chemistry. According to the 12 principles of green chemistry [1], preparation and development of environmentally-friendly and harmless products and technologies are the main tasks. In
this context, the application of the microwave (MW) technique in
organic, inorganic, medicinal, analytical and polymer chemistry
has spread fast [2-7]. Microwave-assisted synthesis is acknowledged as a breakthrough in synthetic chemistry in recent years.
This technique has overcome the certain back draws associated
with conventional routes i.e. larger reaction time, reduced yields
and purity and slow rate of reaction. Microwave synthesis provides more opportunities for organic chemists to expand their
synthetic avenues by applying microwave irradiation to a variety
of organic reactions with improved results [8].
In the nineteenth century, Hugo Schiff, who was born in Germany, prepared a new family of organic compounds, which now
have very wide applications plus its massive importance in the
Organic & Medicinal Chem IJ 8(3): OMCIJ.MS.ID.555736 (2019)

development of coordination chemistry. These compounds were
known after his name as Schiff bases [9]. These compounds were
firstly prepared by the condensation of primary amine (R3-NH2)
with carbonyl compounds aldehydes or ketones having the carbonyl group (R1R2-C=O) to produce new compounds having the
azomethine group (-C=N-). These compounds are also known
as anils, imines or azomethines [10]. The produced compound,
R1R2C=NR3 is called a Schiff base, where R1 is an aryl group, R2 is
a hydrogen atom and R3 is either an alkyl or aryl group [11-14].
It’s also well known that many life activities depend on the heterocyclic compounds, such as purine and pyrimidine bases unit of
(DNA and RNA). Five-member N-heterocycle compounds, mainly
tetrazole (CH2N4), Triazoles (C2H3N3), and their substituted derivatives [15] are a group of heterocyclic compounds that attracted
researchers concern. The presence of three nitrogen hetero-atoms
in five-membered ring systems defines an interesting class of compounds, the triazole. This may be of two types, the 1,2,3-triazoles,
and the 1,2,4-triazoles.
001
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1,2,4-Triazole and its derivatives are an imperative type of compounds which possess environmental [16], agricultural [17-19] ,
industrial [20-22], and biological activities such as antimicrobial
[17,23-25], antibacterial [18,26,27], anticancer [28-30], antioxidant [18,19,31], anti-inflammatory [32,33] , antiviral [34,35] and
many other important applications. In the present study, A Schiff
base ligand derived from the reaction between 3-amino-1,2,4-triazole and 2-hydroxy-1-naphthaldehyde and its metal complexes
(CoII, NiII, CoII, and ZnII) were synthesized by microwave irradiation as a green approach. All resultant compounds were characterized spectroscopically using different spectroscopic techniques,
thermogravimetric analysis and some thermo-kinetic parameter
(∆G, ∆H, and ∆S) were also calculated. The biological activities of
the prepared Ligand and its Zn (II) were also evaluated.

Experimental

Chemicals used for Ligand Synthesis
a)
b)

Primary Amine: 3-amino-1, 2, 4-triazole, White powder, Formula: C2H4N4, Mol. Wt: 84.04 g/mol, from Sigma-Aldrich.

Aldehydes: 2-hydroxy-1-naphthaldehyde; Linear formula:
C11H8O2, Mol. Wt: 172.18g/mol, color: White, shape: Powder, Furan-2-carboxaldehyde; Linear formula: C5H4O2, Mol.
Wt: 96.09 g/mol, color: yellow, shape: liquid, density: 1.16g/
ml, Thiophene-2-carboxaldehyde; Linear formula: C5H4OS,
Mol. Wt: 112.15 g/mol, color: Brown, Shape: liquid, Density:
1.22 g/ml, all the above aldehydes were supplied from Sigma-Aldrich.

Metal Salts used for Complexes Synthesis

The selected metal salts for this purpose; Cobalt (II) acetate tetrahydrate; Linear formula: Co(CH3COO)2.4H2O, Mol. Wt:
249.08g/mol, color: Violet, shape: Powder, Nickel (II) acetate tetrahydrate Linear formula: Ni(CH3COO)2.4H2O, Mol. Wt: 248.84g/
mol, color: Blue-Green, shape: Powder, Copper (II) acetate monohydrate Linear formula: Cu(CH3COO)2.H2O, Mol. Wt: 199.65g/mol,
color: Greenish-Blue, shape: Powder and Zinc (II) Acetate dihydrate; Linear formula: Zn(CH3COO)2.2H2O, Mol. Wt: 219.51 g/mol,
color: White, shape: Powder, all were supplied from Sigma-Aldrich.

Solvents and other Chemicals

Distilled water, Methanol, diethyl ether, dimethylformamide
(DMF) and dimethyl sulfoxide (DMSO), were of highest purity
and used as received without further purification. Ethylenediaminetetraacetic acid (EDTA), murexide, hexamine, eriochrome
black T (EBT) indicator, xylenol orange (XO) all of them were of
Aldrich or Analar grade quality.

Physical Measurements

Melting point was measured by electrothermal apparatus and
without correction, the electronic absorption spectra (UV-Vis) of
ligand and the metal complexes were obtained in DMF solvent
from 900-200nm range using Perkin-Elmer Lambda 35 UV/Vis
Spectrophotometer fitted with a quartz cell of 1.0cm path, the Fou002

rier transform infrared spectra of the ligand, as well as the metal
complexes dissolved in KBr were recorded on Vertex 70 Analyzer,
Bruker, USA from 4000-400cm-1 and metal ions estimation was determined by complexometric titration using general lab glassware
[36] at the faculty of science, Al-Azhar University, Cairo, Egypt. The
magnetic susceptibility of the solid complexes was carried out at
room temperature by the Gouy’s technique for magnetic susceptibility instrument. The thermogravimetric analyses (TGA) of the
solid complexes were performed using the Schimadzu TG-50 thermogravimetric analyzer with a heating rate of 10℃/min under
nitrogen atmosphere, in the range of 25-800℃ at the faculty of
sciences, Cairo University. The ESR spectra of the powdered CuII
sample were carried out on Bruker-EMX-(Xbands-9.7GHZ) spectrometer with 100KHZ frequency, microwave power 1.008MW,
modulation/amplitude of 4 GAUSSES at National Center for Radiation Research and Technology, Egyptian Atomic Energy Authority.
The elemental analysis for carbon, hydrogen, and nitrogen
are carried out using a Flash 2000 organic Elemental Analyzer,
Thermo, USA, the mass spectra were performed by an Agilent
Technologies-6890N Network GC System and the biological activity evaluation of the synthesized ligand (TMN) and it’s Zn (II)
complex was determined by using 10mg/ml solution in dimethyl sulfoxide (DMSO) at the Regional Center for Mycology and
Biotechnology (RCMB) at Al-Azhar University [37] . The 1HNMR
and 13CNMR spectra were recorded on an Agilent Technologies
model spectrometer NMR400-mercury 400. 1H spectra were run
at 300MHz and 13C spectra were run at 75.46 MHz in dimethylsulphoxide (DMSO-d6). Tetramethyl silane (TMS) was used as an
internal reference and chemical shifts are quoted in δ(ppm) at the
Main Chemical Warfare Laboratories, Chemical Warfare Department, Ministry of Defense, Cairo, Egypt. Microwave-assisted reactions conducted on a commercially household microwave energy
output 900 W, frequency 2450 MHz, manufactured by DAEWOO
technologies Corporation, model: KOR-9G2B, Korai.

Microwave Irradiation Method

Microwave method for the Synthesis of the Schiff Base
Ligand (TMN) [36]
The equimolar ratio (1:1) of 3-amino-1,2,4-triazole (2.44 g,
0.029 mol) and 2-hydroxy-1-naphthaldehyde (5.00g,0.029mol)
was ground and mixed thoroughly in a grinder until it reached a
satisfactory homogeneity. The reaction mixture was then transferred to a clean crucible and moisturized by adding 3-4ml of
methanol as a solvent then transferred to the microwave oven
thus irradiated and heated gradually by using on/off cycling to
control the temperature. The reaction completed in a short time
1-3 mins at 90-300 watt with higher yields. The products were
then recrystallized with hot methanol and finally dried under reduced pressure over anhydrous CaCl2 in a desiccator. The progress of the reaction and purity of the product was monitored by
TLC using silica gel G (yield: 85-95 %).
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Preparation of the solid Complexes CoII, NiII, CuII and ZnII
[36]
Through complexes formation, the same microwave procedures were applied. The metal salts of the prepared Schiff base
ligand, Co(CH3COO)2.4H2O, Ni(CH3COO)2.4H2O, Cu(CH3COO)2.2H2O
and Zn(CH3COO)2.2H2O were mixed in (1:1) ratio. The reaction
mixtures were then irradiated by the microwave oven by adding

Table 1: Analytical and physical properties of the prepared compounds.

1-3ml of methanol as a solvent. The reaction completed in a short
time (5-10min) with higher yields. The obtained products were
washed by hot methanol and ether then finally dried under reduced pressure over anhydrous CaCl2 in a desiccator. The progress
of the reaction and purity of the products were monitored by TLC
using silica gel G (yield: 70-90 %), The physical properties of the
metal complexes are listed in (Table 1).
Elemental Analysis Calc. / (Found) %

Symbol

Molecular Formula

m.p °C

Yield %

Time
min

Color

TMN

C13H10N4O

260

91

3

Yellow

66.43
(65.54)

5.23
(4.23)

22.11
(23.52)

>360

56

5

Brown

40.24
(46.03)

3.74
(4.09)

16.1 (14.32)

4.36
(4.06)

13.48 14.09

Co

C15H18CoN4O6

>360

Cu

C15H16CuN4O5

>360

Ni

Zn

C15H16N4NiO5

C15H16N4O5Zn

>360

88

85
71

5

Reddish
Brown

6

Olive

6

Orange

Procedure for Antibacterial Activity
Antibacterial and Fungi studies
The Schiff base ligand (TMN) and its respective Zn(II) complex
were tested and evaluated for their antimicrobial activity using
the agar diffusion technique (Cooper, 1972) [37]. 5mg/ml solution in dimethyl sulfoxide was used. The tested organisms were
Gram-negative bacteria (Escherichia Coli (RCMB 010052) ATCC
25955& Salmonella typhimurium RCMB 006 (1) ATCC 14028),
Gram-positive bacteria (Bacillus subtilis, RCMB 015 (1) NRRL
B-543& Staphylococcus aureus, RCMB010010) and fungi (Aspergillus flavus, RCMB 002008) & Candida albicans RCMB 005003 (1)
ATCC 10231). The bacteria and fungi were maintained on nutrient
agar medium and Czapeks Dox agar medium, respectively. DMF
showed no inhibition zones. The agar media were inoculated with
different test microorganism. After 24 hrs. of incubation at 37°C
for bacteria and 48 hrs. of incubation at 28°C for fungi, the diameter of inhibition zone (mm) was measured.

Results and Discussion

Characterization of the Prepared Compounds
All compounds containing the six and four-member rings with
(-N- heterocycle) as shown in scheme 1 azomethine and hydroxyl
groups possess basic characteristics due to the presence of lone
pair electron-donating character of the double bond of (-HC=N)
and the capability to form metal complexes. The basic strength of
the C=N, (-N heteroatom) and -OH groups is insufficient solely to
allow the formation of stable complexes by simple coordination of
the lone pair to a metal ion. Therefore, a metal ion will attack the
-N hetero and -OH groups to form six and four-membered rings for
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C

40.13
(42.17)
40.05
(45.51)
43.34
(45.30)

H

3.8
(4.72)
4.65
(4.07)

N

M

(14.2)
(13.11)

12.96
(13.79)

14.37
(14.15)

14.83
(16.05)

M+ Calc./
(Found)

-

238.06
(238.09)

14.6
(15)

391

16.4
(16.44)

427.28

395.86
397.7

the prepared. The proposed structures of the prepared Schiff base
ligand have been confirmed based on the following techniques:
IR Spectra

The important infrared bands exhibited by the Schiff-base ligand and its complexes are given in Table 2. The ligand possessed
potential donor sites like azomethine linkage (-C=N), triazole ring
nitrogen (-C=N) and hydroxyl (-OH) group. The IR spectra of the
ligand showed peaks at 3107, 1575 and 1088 cm-1 respectively due to vibration of (N-H), (C=N) and (N-N) of triazole moiety.
Originally, 3-amino-1,2,4-triazole and aldehydes showed peaks at
3325 and 1715 cm-1 respectively, due to amino (NH2) and aldehydic (CHO) group vibrations. In the spectra of the ligand, the peaks
at 1715 and 3325 cm-1 due to aldehydic (CHO) and amino (NH2)
groups of the original moieties were completely disappeared and
in turn, a new sharp band appeared at 1619 cm-1 assigned to the
azomethine (-C=N) linkage [39]. The IR spectra of ligand showed
bands at 1088 cm-1 for triazole (N-N), 1370 cm-1 for (C-O), 1525
cm-1 for (C=C), 1575 cm-1 for triazole (C=N), 1619 cm-1 for azomethine (C=N), 2885 cm-1 for aliphatic (C-H), 3029 cm-1 for Aromatic
(C-H), 3107 cm-1 for triazole (N-H), 3441 cm-1 for phenolic (O-H).
The comparison of the IR spectra of Schiff base ligand with corresponding metal complexes gave a different mode of absorption in
complexation of the ligand with the metal ions. For ligand (TMN),
the disappearance of a broad band of ν(OH) at 3441 cm-1 in spectra of metal complexes and in turn appearance of new band assigned to (C-O) at 1387-1251 cm-1 revealed deprotonation and
coordination of hydroxyl-O to the metal atom.
The coordination of metal to oxygen is further justified by
the appearance of a new band at 459-445 cm-1 due to M-O. For all
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the metals (II) complexes, a new band appeared at 595-565 cm-1
due to ν(M-N) vibrations indicating the coordination of nitrogen
of (azomethine and triazole) with the metal ions. However, the IR
band observed at 1088-1015 cm-1 in triazole ring is assigned to
ν(N-N) mode remained unchanged in the spectra of all the metal complexes thus indicating the non-involvement of nitrogen of
(N-N) of triazole ring. The C=N stretch shows both a positive and
negative shift on complexation. We have observed a positive shift
Table 2: Significant FT-IR of the prepared compounds.

of azomethine to lower frequency at (1610-1617) cm-1 for all complexes the involvement of the azomethine-N in the complex formation. The IR spectra of ligand and its metal (II) complexes conclusively showed that the ligand coordinates to the metal atoms
bi and tri-tentative the azomethine-N, triazole-N, and hydroxyl-O
groups. Other bands ascribed to negative acetate ion (OAc) were
detected in all specimens at 1438-1425cm-1 suggesting carboxylic
modes (Table 2).

Comp

ν(OH)
(H2O)

ν(NH)

ν(C-H)
Ar/Alph

ν(C=N)
azomethane

ν(C=N)
triazole

ν(C=C)

ν(ΟΑχ)
ασ/σ

ν(C-O)

ν(N-N)

ν(M-N)

ν(M-O)

TMN

3441

3107

2948

1619

1575

1525

-

1325

1088

-

-

Ni

3373

-

3052

1614

1582

1537

1425

1296

1088

Co

II

II

CuII
ZnII

3374
3407
3415
3401

3145
3114

3050

1611

3050

1610

2956
3062

1617

Electronic spectra and Magnetic Properties

1574
1577
1575

1538

1438

1537

1432

1540

1428

1299
1387
1297

1090

557

445

1096

595

459

1088

556

457

557

450

Table 3: Spectral and magnetic data of the prepared compounds.
Comp.

TMN
Co
Ni
Cu
Zn

λmax, nm
362
320
242
450
525
500
650
650
425
500
675

µeff (BM)

g^

g\\

gav

Suggested
Structure

-

-

-

-

-

5.12

-

-

-

Octahedral

2.73

-

-

-

Tetrahedral

B2→2E

1.78

2.198

2.05

2.15

Tetrahedral

M →L

Dia.

-

-

-

Tetrahedral

Assignments
(n-π*, C=N),

(π -π*, C=N),

(π -π*, aromatic ring)
T1g (F) →4T1g(P)

4

T1g (F)→4T2g

4

T1 (F) →3A2

3

T1 (F)→3T1 (P)

3

2

The electronic absorption spectra of the Schiff-base ligand
and its complexes are shown in Figure 1. and were performed
in dimethylformamide (DMF). The position of the band maxima
and the magnetic moment values of the prepared complexes are
mentioned in Table 3. The electronic spectra of ligand (TMN)
showed three absorption bands at 370 -385 cm-1 refers to n π*,
of C=N triazole and O-hydroxyl group, respectively. And at 335
cm-1 refers to π π*, of C=N azomethane. The third band was at 265
cm-1 refers to π π*, of C=C phenyl. The electronic spectra of Co (II)
complex showed two absorption bands at (450, 525) nm assigned
to 4T1g (F) →4T1g(P) and 4T1g (F)→4T2g transitions, respectively.
The observation of these bands suggests an octahedral configuration around CoII ion, and the complex is paramagnetic, and the
magnetic moment is 5.12 BM. For Ni (II) complex, the electronic
004

spectra showed bands of appreciable intensity at (500, 650)nm
and were assigned to 4T1g (F) →4T1g(P) and 4T1g (F)→4T2g suggests a tetrahedral structure, and the magnetic moment is 2.73
B.M. For Cu (II) complex, the electronic spectra showed bands of
appreciable intensity at (450, 650) nm assigned to the transitions
(2B2→2E) assuming a tetrahedral configuration. Based on which
a tetrahedral geometry is suggested, Cu-complex is paramagnetic
complex, the obtained magnetic moment value 1.78 B.M and indicative of one unpaired electron per Cu (II) ion for d9-system suggesting tetrahedral structure. For Zn (II) complex, the electronic
spectra of Zn (II) complex gave the absorption bands at the range
(500, 675) nm, these bands can be assigned to M →L transition.
The positions of these bands agree with low-spin tetrahedral geometry for Zn (II) complex.
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tons of Schiff base Ligand due to heteroaromatic/aromatic groups
were found [40] as to be in their expected region. The spectra of
the synthesized ligand (TMN) showed peaks at 7.14-7.14 ppm (d,
1H, naphthalene C3-H), 7.37-7.41 ppm (t, 1H, naphthalene C6-H),
7.56-7.6 ppm (t, 1H, naphthalene C7-H), 7.84-7.86 ppm (d, 1H
naphthalene C8-H), 8.29 ppm (s, 1H, triazole C-H), 10.05 ppm (s,
1H, azomethine C-H), 14.65 ppm (s, 1H, OH), 14.19 ppm (s, 1H,
triazole NH).
Figure 1: UV-Vis spectra of the synthesized Schiff base ligand
(TMN) and its metal complexes.

Mass Spectra of the Schiff Base Ligand (TMN)
The mass spectrum of ligand (TMN) showed ion peak at m/e
= 238 as molecular peak of (C13H10N4O). The ion peak at m/e =
m/z 169(42 %) is due to M+(C12H11N), while the ion peak at m/e
= 221.0 (100%) corresponds to M+(C13H10N4) which is the base
peak, the ion peak at m/e = 170 (9%) corresponds to M+(C12H10O),
the ion peak at m/e = 195 (1.82%) is due to M+(C12H9N3), the ion
peak at m/e = 144 (1.75 %) points to M+(C10H8O). The ion peak
at m/e = 128 (4.88%) refers to M+(C10H8), the ion peak at m/e
= 78.11 (2 %) corresponds to M+(C6H6), the ion peak at m/e = 70
(20 %) corresponds to M+(C5H10) and the ion peak at m/e = 52
(0.89%) corresponds to M+(C4H4). The fragmentation patterns of
1-((1H-1,2,4-triazol-3-ylimino) methyl) naphthalen-2-ol (TMN)
are shown in Scheme 2 and (Figure 2).

Figure 3:1HNMR spectra of the synthesized Schiff base ligand
(TMN).

CNMR
The 13CNMR spectra of the Schiff base ligand (TMN) were taken in DMSO-d6. The characteristic absorbtion13CNMR signals are
given in Figure 4. The 13C NMR spectral information is reported
along with their possible assignments in the experimental section
and all the carbons were found in the expected region [40-42]. The
13CNMR (DMSO) spectra of the synthesized TMN showed peaks at
109.291 ppm (C1 naphthalene), 120.386 ppm (C8 naphthalene),
120.699 ppm (C3 naphthalene), 124.39 ppm (C6 naphthalene),
127.829 ppm (C7 naphthalene), 128.973 ppm (C5 naphthalene),
129.248 ppm (C10 naphthalene), 132.191 ppm (C4 naphthalene), 133.015 ppm (C9 naphthalene), 146.284 ppm (C5 triazole),
164.509 ppm (C3 triazole), 165.638 ppm (C azomethine), 193.312
ppm (C2 naphthalene) (Figures 3 & 4).

Scheme 1: Reactions of ligand TMN

Figure 4:13CNMR spectra of the synthesized Schiff base ligand
(TMN).

ESR Spectrum

Figure 2: Mass spectra of the (TMN).

HNMR
The 1H NMR spectral data of the synthesized Schiff base ligand
(TMN) are given in (Figure 3). The appeared signals of all the pro005

Electron spin resonance (ESR) is a sensitive spectroscopic
method for the determination of the geometric and electronic
structure, the dynamics and the spatial distribution of paramagnetic species in materials. ESR directly focus on the unpaired electrons and nuclei in their vicinity and is, therefore, the method of
choice for studying free radicals, triplet states, compounds with
transition metals, rare earth ions, and defect centers. The ESR
spectra of the powdered CuII sample was carried out on Bruker-
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EMX-(Xbands-9.7 GHZ) spectrometer with 100KHZ frequency,
microwave power 1.008MW, modulation/amplitude of 4 GAUSSES. The spectra of the complex exhibit a single anisotropic broad
signal with hyperstructure indicating the contribution of free acetate ligand with complex formation. The ESR spectra of the Cu
complex showed broad signals in (Figure 5). with two “g” values
(g\\, g┴). Generally, the g\\ < g┴ < 2.3, characteristic of complex
with 2B1(dx2-y2) orbital ground state. The average g value was calculated according to the equation gav = 1/3[g\\ +2g┴] and it was

equal to 2.15 for the prepared Cu complex. The g\\ is a moderately
function for covalent nature. The prepared cu-complex exhibited
g\\ at 2.05 which are less than 2.3, suggesting the covalent character of copper - ligand bonds in the present complexes, where, g\\ <
2.3 concerns ionic metal-ligand bond [43-48]. Fairly high values of
g are in conformity with the oxygen, nitrogen and sulfur coordination in these compounds [44]. This coupling, known as the hyperfine interaction. The above complexes have a tetrahedral structure
as indicated from the electronic absorption spectra.

Figure 5:ESR spectra of the Cu complex.

Thermal Analysis (TG)
Table 4: Thermo-gravimetric data of the thermal decomposition of Co(II), Ni(II) and Cu(II) complexes of TMN.
Compd.
No.

Co

Ni

Cu

Molecular Formula

C17H28CoN4O11

C15H16N4NiO5

C15H16CuN4O5

Molecular
Weight

427.28

391

395.86

Steps
1st

2nd
3rd
1

st

2nd
1

2

st

nd

3rd

Δ T ºC
T

mass %

Assignment

Tf

Calc.

Found

49

120

8.43

6.9

2H2O

373

470

69.32

65.109

CH3COO, C13H9N4O

i

170
Residue
47

190

Residue

300
130
380

30

120

320

360

170
Residue

290

8.43

17.49
10.11
68.62

7.6

16.5
9.2

2H2O

CH3COO, C13H9N4O

7.94

2H2O

19.1

14.9

13.66

20.09

18.41

59.61

CoO

71.7

21.27
9.94

2H2O

56.19

NiO

CH3COO

C13H8N4O
CuO

Figure 6:Thermal Gravimetric analysis (TGA) of Co, Ni and Cu complexes of ligand (TMN).
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In the present investigation, the heating rates were suitably
controlled at 10°C min-1 under nitrogen atmosphere and the
weight loss was measured from ambient temperature up to 800°C.
The TGA data of the thermal decomposition of the prepared complexes are shown in Table 4, Figure 6. and Scheme 2. The thermo-gram (TGA) data of CoII complex, exhibited three stages of
decomposition. The first stage (30-120°C) corresponds to the loss
of two crystalline water molecules (found/calculated=7.69/8.43
%). The second step of decomposition (230-337°C) may be due
to the elimination of two coordinated water molecules (found/
calculated =7.59/8.43%), meanwhile the third stage refers to the
decomposition of the complex with the formation of CoO as a fi
nal product (found/calculated =15.2/17.49%). For NiII complex,

the first stage in temperature range (40-130°C) corresponds to
the loss of two crystalline water molecules (found/calculated =
10.11/9.20%), while the final stage refers to the decomposition
of one acetate group and the organic part leaving the metal ox
ide NiO as a residue (Found/Calculated = 20.27/19.1). The TGA
data of CuII complex, revealed three stages of decomposition. The
first stage (50-120°C) related to the loss of two crystalline water
molecules (found/calculated = 15.6/16.67%). The second step of
degradation (170-290°C) corresponds to the elimination of one
acetate group (found/calculated=11.9/10.38%). The final stage
detected at 290-360°C point to the gradual decomposition of the
complex with the formation of CuO at the final stage (found/calculated = 18.41/20.09 %).

Scheme 2: Proposed mass fragmentation pattern of the ligand (TMN).

Scheme 3: Thermal decomposition of Co, Ni, and Cu complexes.

Thermo-kinetic Parameters
Table 5: Thermodynamic data of the thermal decomposition of Co(II), Ni(II) and Cu(II) complexes of TMN.
Coats Redfern
Comp.

CoII

Steps

R2

A

∆Σ∗

KJ mol-1

S-1

mol
K-1

1st

0.96

77410

2.39 x1010

3

0.99

186436

3.55 x10

2nd
rd

007

Ea

0.99

55375

6.81x1014

13

-1

Horowitz-Metzger
∆Η∗

∆Γ∗

Ea
R2

A

∆Σ∗

∆Η∗

∆Γ∗

KJ
mol-1

S-1

mol
K-1

KJ mol-1

KJ mol-1
86277

-1

KJ mol-1

KJ mol-1

-47

74453

91503

0.96

30205

1.03 x104

-169

27312

7.48

180670

175484

0.99

95826

4.01 x106

-125

90065

-240

51148

173240

0.99

32183

3.06 x102

-229

27959

144400
177059
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NiII

1st

0.98

51926

1

0.93

36405

2

nd

CuII

st

2nd
3rd

0.88
0.99
0.99

2.99 x106

-122

48931

93045

0.98

21549

2.68x102

-200

18556

4.58 x10

-156

33510

88144

0.92

18123

9.46x10

-208

15230

7.023x1094

1565

39663

1.17 x10

49818

6.72x105

1164986

57

16
4

-213

35037

3053

45533

1160069

The thermodynamic activation parameters of decomposition
processes of dehydrated complexes namely activation energy (E*),
enthalpy (ΔH*), entropy (ΔS*) and Gibbs free energy change of the
decomposition (ΔG*) are evaluated graphically by employing the
Coats-Redfern [49] relation and Horowitz-Metzger [50]. Kinetic
parameters of different stages are summarized in Table 5, together with the radii of metal ions. The results showed that the values
obtained by various methods are comparable and were in harmo-

155437
234924

0.96

25701

0.99

26460

0.99

522706

2.60x10

1
1

5.8 x101

2.85x1046

-223
-242
638

90569

21078

145094

22179

147315

87757

517792

140234

ny with each other. The kinetic and thermodynamic parameters
were determined by non-isothermal methods. The thermodynamic activation parameters for the thermal decomposition steps in
complexes were calculated using the relationships:
ΔH*=E*-RT

ΔS*=R[ln(Ah/kT)-1]
ΔG*=ΔH*-TΔS*

Table 6: The antimicrobial activity of the ligand and its Zn(II) complex.

Recorded zone diameter (mm) for each test microorganism
Compd.

sBacteria
Gram-Positive
Bacillus subtillus
RCMB 015 (1)
NRRL B-543

TMN
Zn
St.

Staphylococcus
aureus

Escherichia

Salmonella

Aspergillus fumigatus

(RCMB010010)

Coli

Typhimurium

(RCMB 002008)

RCMB 005003 (1)
ATCC 10231

(RCMB 010052)
ATCC 25955

RCMB 006 (1)
ATCC 14028

14

NA
NA

17

15

17

17

20

9

NA

26

24

15
Gentamycin

13

NA
30

Gentamycin

where k is Boltezmann constant and h is Plank’s constant, A
is the frequency factor and R is the gas constant. From the results
listed in Table 6, we get conclusions as follows:

The negative values of activation entropies ΔS* indicate the reactions are slow and the products more stable than reactants [51],
while the positive values of ΔS* indicate that the activated complexes for this decomposition stage have a less ordered structure
compared to the reactant. Further, the reaction may be described
as faster than normal. The positive values of the ΔH* mean that the
decomposition processes are endothermic [52]. The values of ΔG*
increases significantly for the subsequent decomposition stages,
increasing the values of ΔG* as going from one decomposition step
subsequently to another reflects that the rate of removal of the
subsequent ligand will be lower than that of the precedent ligand
and the reactions are non-spontaneous (Table 5).

Biological Activity

Antimicrobial Activity
To contribute to the field of bioinorganic chemistry, the synthesized ligand and its Zn(II) complex were tested against bac008

Fungi

Gram-Negative

16
Ketoconazole

Candida albicans

14

terial and fungal strains by disc diffusion method. The microorganisms used in the present investigations included bacterial and
fungal strains. Bacterial strains; Gram-positive bacteria (Staphylococcus aureus (RCMB010010) and Bacillus Subtillus RCMB 015
(1) NRRL B-543 Gram-negative bacteria (Escherichia Coli (RCMB
010052) ATCC 25955and fungal strains; Aspergillus fumigatus
(RCMB 002008) and Candida albicans RCMB 005003 (1) ATCC
10231. The results were compared with those of the standard
drugs (Gentamicin for Gram-positive bacteria and Gram-negative
bacteria and Ketoconazole for fungal strains) and calculated the
diameter of inhibition zone for each by mm. The antimicrobial
results evidently show that the triazole derivatives and its complexes possess a broad spectrum of activity against the tested organisms.

Antimicrobial activity of Ligand and its Zn(II) complex

The antimicrobial activity of ligand (TMN) and its Zn(II) complex against the bacterial and fungal strains were tested and evaluated. Table 6 shows the antimicrobial activity of ligand against
the tested bacterial and fungal strains. Our results showed no in-
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hibition effect on the growth of the bacterial and fungal strains
by the ligand excepted the effect on the growth of Bacillus subtillus RCMB 015 (1) NRRL B-543, Aspergillus fumigatus (RCMB
002008) and Candida albicans RCMB 005003 (1) ATCC 10231
with inhibition zones 9 mm, 17 mm and 15 mm, respectively.
While the Zn (I) complex exhibited good antimicrobial activity
against both bacteria (Gram-negative & Gram-positive bacteria)
and fungal strains. It showed higher antibacterial activity against
Bacillus subtillus RCMB 015 (1) NRRL B-543, Staphylococcus aureus (RCMB010010) and Escherichia Coli (RCMB 010052) ATCC
25955 with inhibition zone 15mm, 13mm and 14mm respectively,
while appearance moderated to weak activity against Aspergillus
fumigatus (RCMB 002008) and Candida albicans RCMB 005003
(1) ATCC 10231 with inhibition zone 16 and 14mm, respectively.
Hence the antimicrobial activity after complexation with Zn(II) is
enhanced as compared to that of the free ligand.

Conclusion

Using the microwave method assures the principals of green
chemistry. The structure of the prepared compounds was spectroscopically illustrated by FT-IR, NMR, Mass, and elemental analysis.
The newly synthesized Schiff bases ligand obtained from 3-amino-1,2,4-triazole with 2-hydroxy-1-naphthaldehyde using microwave technique act as bidentate and tridentate ligand, which coordinated through the azomethine-N, methoxy-O and triazole ring
to the metal ions; Co(II), Ni(II), Cu(II) and Zn(II). The thermal dehydration and decomposition of Cu(II) complex show elimination
of water, acetate then organic content and MO remained as a residue. The antimicrobial activity of the Schiff base ligand (TMN) and
its Zn(II) complex against the bacterial and fungal strains showed
that the activity of the ligand after complexation with Zn(II) is enhanced as compared to that of the free ligand.
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