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Abstract: Schiff-base ligand, 2,6-bis(benzimino)-4-
phenyl-1,3,5-triazine (L), and its transition metal com-
plexes of Co(II), Ni(II), and Cu(II) were synthesized by
refluxing the reaction mixture and its analytical,
spectral, and thermogravimetric characteristics were
explored by various techniques: AAS, FT-IR, UV-vis,
TG-DTG, CHNS/O, and VSM. It was observed that all the
metal containing complexes are non-electrolytic, mono-
nuclear, and paramagnetic in nature, confirmed by the
molar conductance and magnetic susceptibility mea-
surements. Optical spectral data were used to investigate
the geometrical and spectral parameters of [Co(L)(ac)2],
[Ni(L)(ac)2], [Cu(L)(ac)2], [Cu(L)(acac)2], and [Cu(L)
(fmc)2] complexes. Simultaneous thermal analyses (TG-
DTG) in nitrogen atmosphere reveal that the ligand
decomposes in one step, [Co(L)(ac)2], [Ni(L)(ac)2], and
[Cu(L) (ac)2] complexes are decomposed in three steps,
whereas [Cu(L)(acac)2] and [Cu(L) (fmc)2] are decom-
posed in five and two steps, respectively. In addition,
activation energy (Ea) and pre-exponential factor (ln A)
were evaluated by TG-DTG decomposition steps of
compounds using the Coats–Redfern formula. Enthalpy
(ΔH), entropy (ΔS), and Gibbs free energy (ΔG) of the as-
prepared metal complexes were also speculated by
various thermodynamic equations.

Keywords: Schiff-base, metal complexes, spectroscopic,
kinetics, Coats–Redfern.

1 Introduction

Schiff base is one of the important classes of ligands,
which have attracted special interest and are fast
developing on account of their industrial, thermal, and
biological applications. It is well documented that the
combination of metal ions with Schiff bases provides
flexible binding sites, which lead to materials with
interesting properties such as reversibly binding oxygen
capacity, catalytic conversion reaction: hydrogenation of
olefins, transfer of the amino group, photochromic,
sensing, magnetic, and optical properties [1–6]. Transi-
tion metal complexes of Schiff bases, fabricated from
aldehydes and amines, have been widely explored.
Because of the presence of both nitrogen and oxygen
donor atoms in the Schiff base, they can easily coordinate
with transition metal ions, producing enhanced thermally
stable and colored metal complexes. They can serve as
models of biologically important species and find
applications in biomimetic catalytic reactions, materials
chemistry and have a strong anticancer activity [7,8].

With the advancement of science and explosion of
technologies, researchers have been showing an in-
creasing interest in solid-state thermal kinetic studies of
transition metal complexes containing both nitrogen and
oxygen donor ligands [9,10]. Various thermal analysis
techniques, such as thermogravimetric analysis (TGA),
derivative thermogravimetry (DTG), differential scanning
calorimetry (DSC), and differential thermal analysis
(DTA), were extensively applied to investigate the
thermal behavior of Schiff-base metal complexes such
as activation energy, pre-exponential factor, and reac-
tion order [11–13]. Among them, the TG-DTG technique is
widely applied because of its simplicity and the
information afforded by simple thermograms. On
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thermal treatment, these complexes undergo decompo-
sition reactions and release heat, gaseous products, and
solid metal oxide residues, which could be used in
explosives, propellants, pyrotechnic compositions, and
preparation of environmental sensors for the detection of
trace-level different hazardous materials [14–16].

Thus, in the light of the above enormous applica-
tions, in the present manuscript, we discussed the
synthesis, structural features, and kinetic parameters of
the Schiff base derived from 2-pyridinecarboxaldehyde
and 2,6-diamino-4-phenyl-1,3,5-triazine and its Co(II),
Ni(II), and Cu(II) acetates as well as acetylacetonate and
trifluoromethanesulfonate Cu(II) complexes. In the kinetic
study on thermal decomposition, the Coats–Redfern
equation is used for the calculation of kinetic parameters
such as activation energy (E), enthalpy (ΔH), entropy (ΔS),
and Gibbs free energy (ΔG).

2 Experimental

2.1 Materials

2-Pyridinecarboxaldehyde, 2,6-diamino-4-phenyl-1,3,5-
triazine, copper(II) acetylacetonate [Cu(C5H7O2)2],
copper(II) trifluoromethanesulfonate [(CF3SO3)2Cu],
copper(II) acetate monohydrate [(CH3COO)2Cu·H2O], co-
balt(II) acetate tetrahydrate [(CH3COO)2Co·4H2O], and
nickel(II) acetate hydrate [(CH3COO)2Ni·H2O] reagent
grades were purchased from Sigma-Aldrich. Solvents,
such as dimethylformamide (DMF), dimethyl sulfoxide
(DMSO), ethanol, methanol, diethyl ether, and acetone
for synthesis and physical measurements, were obtained
from Fluka and used without further purification.

2.2 Physical measurements

Elemental analyses of fabricated samples in powder
form were performed on PerkinElmer 2400 Series II
CHNS/O Elemental Analyzer. For the determination of
metal percentages, atomic absorption spectroscopy
(AAS), PerkinElmer 1100B spectrometer, was used after
microwave digestion (TOPwave Analytik Jena micro-
wave) of samples in the mixture of 65% HNO3 and 37%
HCl. The FT-IR spectra were used for the determination
of functional groups using the KBr disk method in the
4,000–400 cm−1 region on a Bruker Tensor 27 FT-IR

spectrophotometer at room temperature. The electronic
spectra of fabricated samples in DMF solution were
recorded at room temperature on a UV-2550 spectro-
photometer (Shimadzu, Japan). The 1H NMR spectrum
of the Schiff-base ligand was recorded on a JEOL-GSX
300-MHz FX-1000 FT-NMR at room temperature using
deuterated DMSO-d6 as a solvent and TMS as an
internal standard. Chemical shifts are given in ppm,
relative to TMS. Simultaneous TG-DTG of samples was
carried out by SDT-Q600 (TA Instrument) in nitrogen
atmosphere (100 mLmin−1) at a heating rate of
20°C min−1 in the temperature range from room tem-
perature to 800°C.

2.3 Synthesis of ligand [2,6-bis
(benzimino)-4-phenyl-1,3,5-triazine]

A hot methanol solution of 2,6-diamino-4-phenyl-1,3,5-
triazine (1.8 g, 0.01 mol) was added dropwise to a hot
methanol solution of 2-pyridinecarboxaldehyde (2.14 g,
0.02 mol) and the reaction mixture was refluxed at 70°C
for 6 h. The course of reaction was monitored by thin-
layer chromatography (TLC). After completing the
reaction, the reaction mixture was left to stand over-
night. The resulted brown colored solid was filtered off,
washed with ether and acetone, and dried under
vacuum. The product is soluble in DMF and DMSO
and insoluble in MeOH, EtOH, CHCl3, acetone, and
benzene.

2.4 Synthesis of Co(II), Ni(II), and Cu(II)
complexes

A hot methanol solution of 2,6-diamino-4-phenyl-1,3,5-
triazine (1.8 g, 0.01 mol) was added dropwise to a hot
methanol solution of 2-pyridinecarboxaldehyde (2.14 g,
0.02 mol) to form a brown suspension. Then an appro-
priate amount of Co(II), Ni(II), and Cu(II) (0.01 mol) metal
salts was added, refluxed at 70°C for 4 h, and left to
stand overnight at room temperature. The obtained
complexes were filtered off, washed several times with
cold EtOH, water, and ether, and then dried under
vacuum.

Ethical approval: The conducted research is not related
to either human or animal use.
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3 Results and discussions

Synthetic pathways for the preparation of ligand and its
metal complexes are shown in Scheme 1. The Schiff-base
derived Co(II), Ni(II), and Cu(II) metal complexes are
stable at room temperature and soluble in DMF, DMSO,
THF, and CHCl3. The formation of products was
recognized by FT-IR, NMR, UV-vis, AAS, and elemental
analyses. Physical characterization, molar conductance,
and elemental analyses of ligand and its metal com-
plexes are listed in Table 1. The stoichiometry of ligand
and its metal complexes was confirmed by their
elemental analyses. The analytical data of metal com-
plexes correspond with the general formula MLX2, where
L = ligand; M = Co(II), Ni(II), or Cu(II); and X = acetate,
acetylacetonate, and trifluoromethanesulfonate ions.
The observed molar conductance measured in DMF
solution is 8.90–10.50Ω−1 cm2 mol−1 and thereby indi-
cates that all complexes are non-electrolytic and mono-
nuclear in nature [16,17].

3.1 FT-IR study

The FT-IR spectral data containing relevant characteristic
band regions of the ligand and its metal complexes are
registered in Table 2. The ligand formation has been
confirmed by the appearance of an azomethine ν(C]Na)
band at 1,630 cm−1 and the absence of a ν(NH2) band at
3,400 cm−1 indicates that the Schiff-base condensation
occurred between carbonyl groups of 2-pyridinecarboxalde-
hyde and amino groups of 2,6-diamino-4-phenyl-1,3,5-
triazine [18,19]. The vibrations of 2-pyridinecarboxaldehyde
ν(C]Nb) and 2,6-diamino-4-phenyl-1,3,5-triazine ν(C]Nc)
groups of ligands are dictated at 1,558 and 1,605 cm−1,
respectively. The spectrumof the ligand is also characterized
by two medium bands at 608 and 413 cm−1, which are
considered “in plane” and “out plane” deformation modes
of 2-pyridinecarboxaldehyde rings, respectively [18]. A
major negative shift in the ν(C]Na) band, which appeared
in the 1,610–1,585 cm−1 region for complexes as compared to
the ligand, endows that two azomethine nitrogens are
coordinatedwithmetal ions.Moreover, distinct bands in the
far-IR region at 455–410 cm−1 were assigned the ν(M–N)
band [20], which provides a direct evidence for the
coordinated metal ion in the ligand frame. Co(II) and Ni(II)
complexes have also shown negative shifts in the ν(C]Nb)
band, which appeared at 1,543 and 1,545 cm−1, respectively,
as compared to the ligand, suggesting that 2-pyridinecar-
boxaldehyde nitrogen is intricate in the coordination with

metal ions. The two bands at 1,594–1,579 cm−1 and
1,378–1,367 cm−1 are assigned asymmetric and symmetric
vibrations of acetate ions. The observed bands in these
regions indicate that acetate groups are bonded to metal
ions in a monodentate manner in case of [CuL(ac)2], [NiL
(ac)2], and [CoL(ac)2] [21]. The bands in [CuL(acac)2]
observed at 1,565 and 1,380 cm−1 regions, ascribed to νas
(C–O) and νs(C–O) modes of coordinated acetylacetonate
molecules, suggest that acetylacetonate ions are retained in
the complex [22]. The vibrations of the triflate anion in [CuL
(fms)2] are observed at 1,275, 1,035 νas(S]O), and (S]O);
1,220, 1,160νs(C–F), and νas(C–F) cm−1 are in agreementwith
the previous literature on monodentate coordination [23].
The other absorption bands corresponding to the aromatic ν
(C]C), ν(C–H) and aliphatic ν(C–H) appeared at their
proper positions. Thus, the FT-IR result indicates that the
Schiff-base ligand in complexes is binding through azo-
methine and 2-pyridinecarboxaldehyde.

3.2 NMR study

To determine the structure of a ligand, the 1HNMR
spectrum of the ligand was performed in DMSO-d6. It
did not show any signal corresponding to the primary
amine group and aldehyde protons. The singlet peak at
7.49 was assigned to two N]CHa protons [24] and
doublets at 8.36 to two N]CHb protons. The aromatic
proton appears at 6.70, 6.87, and 7.48 ppm. The 13C NMR
spectral data of the ligand confirm the 1H NMR spectral
results. The peaks at 161.2, 153.5, and 157.2 ppm for
(C]Na), (C]Nb), and (C]Nc) are observed. The aromatic
ring carbon appears at 130.0, 128.1, 126.3 ppm and other 2-
pyridinecarboxaldehyde and 2,6-diamino-4-phenyl-1,3,5-
triazine carbon at 120.4, 137.1, 119.0, 146.2 and 161.2,
159.0, 77.3 ppm. Spectral analysis confirmed the forma-
tion of a Schiff-base condensation reaction between
carbonyl groups of 2-pyridinecarboxaldehyde and amino
groups of 2,6-diamino-4-phenyl-1,3,5-triazine.

3.3 UV-visible absorption spectral and
magnetic measurements

The spectral parameters calculated by the
Tanabe–Sugano diagram, band positions of absorption
maxima, band assignments, and proposed geometry are
listed in Table 3. The electronic spectrum of the ligand
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exhibits a band at 38,461 cm−1, which is allocated
π–π*transition of the aromatic ring and shows another
broad band at 26,315 cm−1, which is assigned n–π*/π–π*

transition of the azomethine group. The hyperchromic
shift in metal complex spectra clearly confirmed the
coordination of ligand toward metal ions.

Scheme 1: Schematic preparation of the ligand and its metal complexes.

Synthesis of Schiff-base derived metal complexes  1307



The electronic spectrum of the Co(II) metal complex
showed two bands at 16,077 and 34,482 cm−1 regions
assignable to 4T1g(F) → 4A2g(F)(ν2) and 4T1g(F) → 4T1g(P)
(ν3) transitions, respectively, which suggest an octa-
hedral geometry around the Co(II) ion (Figure 1a) [25]. On
the basis of these assignments, the ligand field para-
meters calculated for the Co(II) complex are Δo =
12098.1 cm−1, B = 864.15 cm−1, and β = 0.771. Similarly,
the Ni(II) spectrum revealed an octahedral geometry,
which has been confirmed by the electronic transitions
at 15,015 and 32,258 cm−1, which represent two 3A2g(F) →
3T1g(F)(ν2) and 3A2g(F) → 3T1g(P)(ν3) transitions,

respectively (Figure 1b) [25]. The calculated spectral
parameters are as follows: Δo = 6606.6 cm−1, B =
600.6 cm−1, and β = 0.556. In the electronic spectra of
both the Co(II) and Ni(II) complexes, the first transition
was not perceived due to being beyond the range of the
used instrument which could have occurred in the near-
IR region. Therefore, the reduced Racah parameter from
the free ion and β values specified the covalent character
of the metal-to-ligand σ bond. The observed magnetic
moments 3.75 and 2.76 B.M. for Co(II) and Ni(II)
complexes, respectively, pointed out the three and two
unpaired electrons for Co(II) and Ni(II), respectively,

Table 2: Infrared spectral data of the ligand and its complexes.

Compound ν(C]N) νasym(COO−) νsym (COO−) ν(C]C)arom ν(C–H)arom ν(C–H)ali ν(M–N) ν(M–O)

L 1,630a 1,620 3,068
1,558b

1,605c

[CoL(ac)2] 1,585a 1,588 1,367 1,606 3,042 2,919 455 515
1,543b

1,596c

[NiL(ac)2] 1,595a 1,579 1,372 1,617 3,048 2,910 410 545
1,545b

1,598c

[CuL(ac)2] 1,612a 1,594 1,378 1,603 3,055 2,920 430 536
1,555b

1,602c

[CuL(acac)2] 1,610a 1,605 3,060 2,925 435 509
1,560b

1,601c

[CuL(fms)2] 1,615a 1,611 3,053 2,909 425 543
1,559b

1,600c

Note: (a) azomethine, (b) pyridinecarboxaldehyde, and (c) 2,6-diamino-4-phenyl-1,3,5-triazine ring ν(C]N) bands.

Table 1: Analytical and physical data of the Schiff base and its metal complexes

Compound M.W. Color State M.P. Yield C Found (calculated) (%) Molar conductance
(Ω−1 cm2 mol−1)

C H N O M

L 365.39 Brown Liquid 160 65 70.31 (69.03) 4.88 (4.14) 27.08
C21H15N7 −26.83
[CoL(ac)2]
C25H21N7O4Co

542.41 Brown Solid 315 64 55.3 3.87 18.07 11.79 10.85 8.9
−55.36 −3.9 −18.08 −11.8 −10.87

[NiL(ac)2]
C25H21N7O4Ni

542.17 Dark
green

Solid 350 59 55.33 3.87 18.07 11.8 10.86 7.5
−55.38 −3.9 −18.08 −11.8 −10.83

[CuL(ac)2]
C25H21N7O4Cu

547.02 Green Solid 310 62 54.84 3.83 17.91 11.69 11.61 6.75
−54.89 −3.87 −17.92 −11.7 −11.62

[CuL(acac)2]
C31H29N7O6Cu

659.15 Green Solid 325 55 56.43 4.39 14.86 14.56 9.63 6.15
−56.49 −4.43 −14.87 −14.56 −9.94

[CuL(fmc)2]
C24H15N7O4F6Cu

642.95 Green Solid 335 58 44.79 2.33 15.24 9.95 9.88 7.95
−44.83 −2.35 −15.25 −9.95 −9.88
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which support octahedral geometry. Dark green [CuL
(ac)2] shows spectral bands at 15,625 and 34,502 cm−1

assigned to 2B1g → 2Eg and 2B1g → 2A1g, respectively,
indicative of square planar geometry (Figure 1c). Green

[CuL(fmc)2] shows spectral bands at 15,105 and
33,898 cm−1 assigned to 2B1g → 2Eg and 2B1g → 2A1g,
respectively, indicative of square planar geometry
(Figure 1d). The spectrum of [CuL(acac)2] displays a

Table 3: Electronic spectral and magnetic moment data of metal complexes

Compounds Magnetic moment (B.M) Spectral bands (cm−1) Assignments Δo (cm−1) Ba (cm−1) β Geometry

L 26,315 n–π*/π–π*
38,461 π–π*

[CoL(ac)2] 3.75 16,077 4T1g → 4A2g(F) 12098.1 864.15 0.771 Oh
34,482 4T1g → 4T1g(p)

[NiL(ac)2] 2.76 15,015 3A2g(F) → 3T1g(F) 6606.6 600.6 0.556 Oh
32,258 3A2g(F) → 3T1g(p)

[CuL(ac)2] 1.68 15,625 2B1g → 2Eg SP
34,502 2B1g → 2A1g

[CuL(acac)2] 1.77 15,503 2Eg → 2T2g Oh
[CuL(fms)2] 1.43 15,105 2B1g → 2Eg SP

33,898 2B1g → 2A1g

aB values used for Co(II) 1,120 and Ni(II) 1,080 cm−1

Figure 1: Electronic spectra of (a) [CoL(ac)2], (b) [NiL(ac)2], (c) [CuL(ac)2], and (d) [CuL(fms)2] metal complexes.
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broad band at 15,503 cm−1, which is consistent with the
expected octahedral geometry, which corresponds to the
2Eg → 2T2g transition [26]. These Cu(II) complexes
exhibited a magnetic moment value very close to the
spin value for an unpaired between 1.73 and 178 B.M.

3.4 Thermogravimetric study

To make certain the proposed formula of compounds,
thermal degradation patterns were investigated under
nitrogen flow. The simultaneous TG-DTG curves are
shown in Figure 2 and temperature ranges, mass losses,
residues, and maximum decomposition steps are listed
in Table 4. The total mass losses from the TG curves are
found to be 63.09% for L, 85.14% for [CoL(ac)2], 84.58%
for [NiL(ac)2], 77.27% for [CuL(ac)2], 74.28% for [CuL
(acac)2], and 82.78% for [CuL(fms)2]. The TG curves
showed that the thermal decomposition of ligand takes
place in one step, while the metal complexes undergo
two to five decomposition steps eliminating different
fragments in the temperature range of 50–800°C,
confirmed by the DTG curves. The decomposition pattern
of metal complexes indicates the detachment of chelates

and leaving respective metal oxides at final temperature.
It was observed that the attached anionic groups in
metal salts, electronegativity, and atomic radius of
metals influenced thermal stability and pattern of the
decomposition process [27].

The anhydrous ligand shows thermal stability up to
200°C and then degrades until it reaches 525°C, which is
accompanied by a 57.73% mass loss, leaving more than
35% residue (Figure 2a). This step corresponds to the
loss of two 2-pyridinecarboxaldehyde moieties. The first
step occurs at a maximum temperature of 396.60°C.

The TG-DTG thermograms for Co(II) and Ni(II)
complexes undergo a three-step decomposition
(Figures 2b and c). The first stage of degradation
occurred between 50 and 250°C in Co(II) and Ni(II)
complexes, which are accompanied by mass losses of
4.28% and 28.17%, respectively. This step corresponds to
the loss of moisture in Co(II) and triazine moieties in
Ni(II) complexes. The first decomposition step occurred
at maximum temperatures of 112.62°C and 208.32°C. The
second decomposition step occurred between 250 and
360°C, which are associated with 23.27% for Co(II) and
23.08% for Ni(II) complexes due to the loss of acetate
groups. The second decomposition step occurs at
maximum temperatures of 305.82°C and 283.56°C. The

Figure 2: Simultaneous TG-DTG thermograms of (a) L, (b) [CoL(ac)2], (c) [NiL(ac)2], (d) [CuL(ac)2], (e) [CuL(acac)2], and (f) [CuL(fms)2]
complexes in nitrogen atmosphere.
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third decomposition step within the ranges of 360–565°C
in Co(II) and 360–600°C in Ni(II) complexes is accom-
panied by mass losses of 45.41% and 27.6%, which are
assigned to the loss of C12H10N2 and C6H5N as evolved
components. The third decomposition step occurs at
maximum temperatures of 422.21 and 458.06°C.

In contrast to Co(II) and Ni(II) complexes, Cu(II)
complexes showed multiple decompositions at various
temperature ranges due to the nature of coordinated
groups. [CuL(ac)2], [CuL(acac)2], and [CuL(fms)2]
showed three, five, and two successive steps of decom-
position, respectively. The thermal degradation of the
[CuL(ac)2] occurs mainly in three degradation stages
(Figure 2d). The first stage of degradation occurred
between 50 and 225°C, which is accompanied by a mass
loss of 2.62%. This step corresponds to the loss of
methanol solvent. The first step of decomposition occurs
at a maximum temperature of 102.35°C. The second
major step of mass loss between 225 and 325°C
corresponds to the loss of carbon monoxide (CO) gas.
The second step of decomposition occurs at a maximum
temperature of 292.23°C. In the third major step, triazine
and acetate groups were evolved in the temperature
range of 325–565°C with a 54.95% weight loss, leaving
CuO as a residue. The third step of decomposition occurs
at a maximum temperature of 441.11°C. The thermal
degradation of the [CuL(acac)2] occurs in five degrada-
tion stages (Figure 3e). The first stage of degradation
occurred between 50 and 200°C and shows a mass loss
of 8.23% and Tmax of 87.04°C, corresponding to the
degradation. This step corresponds to the loss of the
C3H4O component. The second step of mass loss

occurred between 200 and 335°C, which is accompanied
by a mass loss of 6.50% and Tmax of 290.45°C,
corresponding to the loss of CO2 gas. The third major
step of mass loss occurred between 335 and 415°C, which
is accompanied by a mass loss of 23.98% and Tmax of
384.59°C, corresponding to the loss of triazine moiety.
The last two minor steps correspond to decompositions
of 2-pyridinecarboxaldehyde and the residual ligand.
[CuL(fms)2] shows a two-step degradation (Figure 3f). In
the first step, 4.88% was observed between 50 and 180°C
with the evolution of SOx gas. The first step of
decomposition occurs at a maximum temperature of
125.86°C. The second major step occurred between 180
and 445°C resulting in a 62.98% mass loss. This step
corresponds to the elimination of ligand and leaving
bluish black CuS as a residue. The second decomposition
stage occurs at a maximum temperature of 351.67°C.

3.5 Thermal kinetics investigation

Non-isothermal methods have been widely applied for
the calculation of kinetic parameters of solid-state
decomposition reactions by the thermal technique (TG-
DTG). The decomposition rate is the product of two
separate functions: temperature and conversion, which
are represented by the following mathematical equation:
















= = ( ) ( ) =

−

( )ν α
t

k T f α A E
RT

f αd
d

exp a (1)

where α is the fraction decomposed at time t, f(α) is a
temperature-independent function of conversion whose

Table 4: Thermoanalytical (TG-DTG) data of the ligand and its metal complexes

Compound Step Temp. range (°C) Mass loss (%) DTGmax (°C) DTGmax (%) Total mass loss (%) Residue (%)

L I 200–525 57.73 396.6 29.33 63.09 36.91
[CoL(ac)2] I 50–250 4.28 112.62 2.38 85.14 14.86

II 250–360 23.27 305.82 17.34
III 360–565 45.41 422.21 48.96

[NiL(ac)2] I 50–250 28.17 208.32 13.54 84.58 15.42
II 250–360 23.08 283.56 36.96
III 360–600 27.6 458.06 66.32

[CuL(ac)2] I 50–225 2.62 102.35 1.57 77.27 22.73
II 225–325 4.04 292.23 5.21
III 325–565 54.95 441.11 33.04

[CuL(acac)2] I 50–200 9.23 87.04 3.23 74.28 25.72
II 200–335 6.5 290.45 12.27
III 335–415 23.98 384.59 27.28
IV 415–555 18.8 509.46 52.08
V 455–665 9.52 583.13 61.09

[CuL(fms)2] I 50–180 4.88 125.86 2.85 82.78 17.22
II 180–445 62.98 351.67 35.91
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function is dependent on the mechanism of decomposi-
tion, k(T) is a temperature-dependent function, A is the
frequency factor, assumed to be independent of tem-
perature, Ea is the apparent activation energy, T is the
absolute temperature, and R is the gas constant (8.314
J/mol K). In case of non-isothermal conditions, the linear
heating rate of β = dT/dt, equation (1) can be written as:
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(− )α
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RT

d
d
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After the integration and approximation, equation
(2) can be represented by
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where g(α) is a function of α dependent on the
mechanism of reaction. This is a basic equation for the

evolution of kinetic parameters. The integral on the

right-hand side is known as the temperature integral and

it has no closed-form solution. Herein, kinetic informa-
tion has been assessed using the Coats–Redfern method

[28] and shows the best linearity of data. It can be

represented as:
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where T0 is the onset temperature. No conversion

occurs before T0, therefore, T0 can be set equal to

zero for convenience. This equation on integration

gives:
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Figure 3: Coats–Redfern plots for major decomposition of (a) L, (b) [CoL(ac)2, II step], (c) [CoL(ac)2, III step], (d) [NiL(ac)2], (e) [CuL(ac)2],
(f) [CuL(acac)2], and (g) [CuL(fms)2] complexes.
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A plot of the left-hand side against 1,000/T was
drawn. The Ea values were calculated from the slope and
A values from the intercept. The other thermodynamic
parameters of the decomposition reaction, such as
enthalpy (ΔH), entropy (ΔS), and Gibbs free energy
(ΔG), were calculated using the following equations:

= −H E RTΔ a (6)

= [ ( / )]S R Ah kTΔ ln (7)

= −G H T SΔ Δ Δ (8)

where k is Boltzmann’s constant, h is Planck’s constant,
and T is the DTG peak temperature. The decomposition
reactions are classified as exothermic (ΔH < 0 or ΔG < 0)
and/or endothermic (ΔH > 0 or ΔG > 0) on the basis of
whether they give off or absorb heat energy. The reaction
for which ΔG is positive and ΔS is negative is considered
as unfavorable or non-spontaneous slow decomposition
reaction. The kinetic parameters are listed in Table 5 and
linearization curves of major decomposition stage of
synthesized compounds are shown in Figure 3(a–g). The
linear correlation coefficients (r2) of thermal decomposi-
tion steps were found to lie in the range of 0.99–1,
showing a good fit with the linear function.

From the results, it has been observed that all
decomposition steps exhibited a straight line using the
method of Coats–Redfern to plot the left-hand side vs
1,000/T and suggesting first-order and endothermic
reaction because of the positive values of enthalpy and
Gibbs free energy. Taking the major decomposition stage

as a criterion, the data show that Ea for metal complexes
are higher values than other degradation stages,
indicating that the rate of decomposition for this stage
is difficult and proceeding through high endothermic
stages than other stages. The activation energy in terms
of thermal stability of Co(II), Ni(II), and Cu(II) complexes
is expected to increase in relation with decreasing their
radius [29], the smaller size of Cu(II) permits a closer
approach of the ligand, as compared to Co(II) and Ni(II).
Hence, the Ea value for Cu(II) complexes is higher than
that of others, that is, thermal stability of Cu(II)
complexes is higher than that of others. The values of
entropies are negative for all of the compounds, which
indicate that the decomposition reactions are slower
than normal and activated complexes have a more
ordered structure (non-spontaneously) than reactants.

4 Conclusions

The Schiff-base ligand was synthesized via condensation
of 2-pyridinecarboxaldehyde and 2,6-diamino-4-phenyl-
1,3,5-triazine. The metal complexes of the prepared
ligand were synthesized with Co(II), Ni(II), and Cu(II)
salts. The observed result indicates that the synthesized
metal complexes show an octahedral and square planar
geometry. The decomposition process of all complexes
occurs in multi-steps and the ligand undergoes a one-
step decomposition, and thermal degradation reactions
follow first-order reactions. In all metal complexes, the
activation energy for the major step is greater than those

Table 5: Thermal kinetic parameters of the ligand and its metal complexes

Compound Stage E (kJ mol−1) ln A (min−1) ΔH (kJmol−1) ΔS (kJmol−1K−1) ΔG (kJ) r2

L I 30.886 1.147 27.588 −0.237 121.87 0.998
[CoL(ac)2] I 10.416 −2.748 9.480 −0.259 38.724 0.994

II 25.595 1.672 23.058 −0.231 93.765 0.999
III 28.583 2.559 25.073 −0.226 120.71 0.998

[NiL(ac)2] I 28.294 4.070 26.562 −0.208 69.899 0.997
II 9.974 −1.218 7.617 −0.254 79.818 0.997
III 6.694 −2.302 2.885 −0.267 125.476 0.998

[CuL(ac)2] I 3.040 −6.377 2.189 −0.289 31.773 0.999
II 19.212 −0.845 16.782 −0.251 90.360 0.997
III 43.523. 4.669 39.856 −0.209 132.20 0.995

[CuL(acac)2] I 13.992 0.474 13.268 −0.238 34.037 0.998
II 5.733 −3.955 3.319 −0.277 83.942 1
III 63.395 9.434 60.197 −0.168 125.036 0.998
IV 5.506 −3.287 1.270 −0.276 142.239 0.999
V 9.105 −2.302 4.257 −0.269 4.526 0.997

[CuL(fms)2] I 6.126 −4.290 5.079 −0.273 39.491 0.998
II 66.181 10.827 63.257 −0.156 118.22 0.999
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of the other minor steps. The entropy of all compounds
was negative, whereas enthalpy and Gibbs free energy
were positive for all compounds. We also conclude that
Cu(II) complexes are more stable than other synthesized
metal complexes.
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