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ABSTRACT. A series of metal complexes [Co(HL)2(H2O)2]Cl2.5H2O (A), [Cu(HL)2](CH3COO)2.2H2O (B),
[Y(HL)2]Cl3.2H2O (C), [ZrO(HL)2H2O]Cl2.H2O (D), [La(HL)2(H2O)2]Cl3.5H2O (E) and [UO2(HL)2](CH3COO)2

(F) were prepared. The structures of the compounds in solid state were detected by micro analytical, Fourier
transform IR, 1H NMR, UV-Vis, mass, X-ray diffraction spectra, molar conductivity, magnetic susceptibility
measurements and TG/DTG analysis. The IR spectral data point out that the ligand behaves as tridentate in nature
with Cu(II), Y(III), U(VI) and bidentate with Co(II), Zr(IV) and La(III) metal ions. The conductivity values
showed that the complexes found as electrolytes and the XRD models of the complexes indicated crystalline
nature. The thermodynamic parameters of compounds have been detected using Coats-Redfern and Horowitz-
Metzeger methods at n = 1 and n ≠ 1 and values point out more ordered activated complex formation. The
nematicidal efficacy of compounds was assessed.
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INTRODUCTION

Among the root-knot nematodes, Medoiolgyne javanica, Meloidogyne incognita, Meloidogyne
arenaria and Meloidogyne hapla, are of major agronomic importance, being responsible for at
least 90% of all damage caused by these nematode [1-3]. In Egypt root-knot nematodes,
Meloidogyne javanica, is becoming an actual threat to around all vegetable crops and have been
deemed as restricting factors in crop production [4, 5]. In the great intensively grown crops,
artificial nematicides are one of the primary means of control. However, with continued use
their efficiency can decline and there are concerns of the impact that these chemicals have on
the environment. Many compounds have now been dragged out from use promoting the need for
new safe and effective options [6, 7]. Schiff bases are the most immensely utilized organic
compounds comprising a carbon-nitrogen double bond as functional group [8, 9]. Schiff bases
of aliphatic aldehydes are comparatively unstable and easily polymerizable than aromatic
aldehyde [10, 11]. Schiff base ligands have interesting ligation properties due to the presence of
distinct coordination sites and these ligands are able to coordinate with many various metals and
they easily form stable complexes [12, 13]. Schiff base and its complexes have important
biological application such as antimicrobial, antitumor, antioxidant, anti HIV, antiviral,
antiallergenic and nematicidal and also play an essential role in agriculture, pharmaceutical and
industrial chemistry [14-17]. In this study, the metal complexes of ethyl 2-(2-
hydroxybenzylidine)-hydrazine carboxylate (HL) with Co(II), Cu(II), Y(III), Zr(IV), La(III) and
U(VI) have been synthesized and characterized using melting point, elemental analysis, molar
conductivity, infrared, UV-Vis, proton NMR, mass spectra, thermal analysis as well as XRD to
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interpret their chemical stability and thermodynamic parameters have been calculated from
thermal analyses. The nematicidal activity of the investigated complexes and free ligand were
evaluated.

EXPERIMENTAL

Materials and reagents

All chemicals used for the synthesis of compounds were of the analytical reagent grade,
commercially available from various sources and highest purity ready-made. Salicylaldehyde,
absolute ethanol, toluene, FeCl3.6H2O, ZrOCl2.8H2O (99.9%), and AgNO3 were purchased from
Fluka chemical Co. CoCl2.6H2O, Cu(CH3COO)2, YCl3.6H2O, LaCl3.7H2O and
UO2(CH3COO)2.2H2O were purchased from Aldrich Chemical Co. Organic compound
ethylcarbazate was purchased from Obour Pharmaceutical Industrial Company.

Preparation of ethyl 2-(2-hydroxybenzylidine)-hydrazine carboxylate Schiff base (C10H12N2O3)
HL

The Schiff base was synthesized by mixing an ethanolic solution of ethylcarbazate 1 mmol
(0.104 g) with salicylaldehyde 1 mmol (0.122 mL) into round bottomed flask equipped with a
magnetic stirrer. The contents in the flask were boiled under reflux for 10 h. the resulting
solution was concentrated to 8 mL on a water bath. Upon cooling at 0 C white precipitate
obtained was filtered off, washed several times with ethanol and dried under vacuum over fused
CaCl2.

Preparation of complexes

The pink solid complex (A) was prepared by adding 1 mmol (0.238 g) of cobalt chloride
hexahydrate in 30 mL absolute ethanol was added drop wise to a stirred solution 1 mmol (0.208
g) of HL in 30 mL ethanol. The reaction mixture was boiled and stirred under reflux for 12 h.
The pink precipitate obtained was filtered, washed several times with ethanol and dried under
vacuum over fused CaCl2. The dark green, oily, light yellow, beige and red solid complexes of
(B), (C), (D), (E) and (F) were prepared in a similar manner described above by using ethanol
as solvent. Complex (A): bis[ethyl-2-(2-hydroxybenzylidine)-hydrazine-carboxylate] diaqua
cobalt chloride pentahydrate. Complex (B): bis[ethyl-2-(2-hydroxybenzylidine)-hydrazine-
carboxylate] cupper acetate dihydrate. Complex (C): bis[ethyl-2-(2-hydroxybenzylidine)-
hydrazine-carboxylate] yttrium chloride dihydrate. Complex (D): bis[ethyl-2-(2-
hydroxybenzylidine)-hydrazine-carboxylate] aqua oxo zirconium chloride monohydrate.
Complex (E): bis[ethyl-2-(2-hydroxybenzylidine)-hydrazine-carboxylate] diaqua lanthanum
chloride pentahydrate. Complex (F): bis[ethyl-2-(2-hydroxybenzylidine)-hydrazine-carboxylate]
dioxo uranyl acetate.

Instruments

Carbon, hydrogen and nitrogen contents were determined on a Perkin Elmer CHN 2400. The
percent of the metal ions were identified gravimetrically by conversion of the solid products into
metal oxide and also identified by using atomic absorption method. Spectrometer model PYE-
UNICAM SP 1900 supplied with the corresponding lamp was used for this purposed. Fourier
transform-IR spectra in KBr discs were registered in the range from 4000-400 cm-1 with FT-IR
460 PLUS Spectrophotometer, proton NMR spectra were registered on Varian Mercury VX-300
NMR Spectrometer using dimethyl sulfoxide-d6 as solvent. TG-DTG measurements were done
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under N2 atmosphere within the temperature range from room temperature to 1000 C using
TGA-50H Shimadzu, the mass of sample was accurately weighted out in an aluminum crucible.
Electronic spectra were done using UV-3101PC Shimadzu. The absorption spectra were
recorded as solutions in DMSO-d6 using UV-3101PC Shimadzu. Mass spectra were recorded on
GCMS-QP-1000 EX Shimadzu (ESI-70 eV) in the range from 0-1090. XRD powder analyses
were set by using a Philips Analytical X-ray BV, diffractometer type PW 1840. Radiation was
provided by a copper target (Cu anode 2,000 W) high intensity X-ray tube hold at 40 kV and 25
mA. Magnetic susceptibilities of the samples were carried out on a Sherwood scientific
magnetic balance using Gouy balance at room temperature using mercury(II)
tetrathiocyanatocobaltate(II) as calibrant. The molar conductance of 1×10-3 M solutions of the
ligand and its complexes in dimethylformamide was estimated at room temperature using
CONSORT K410. Melting points were registered by a Buchi apparatus. All measurements were
done with new prepared solutions at room temperature.

Nematicidal investigation

Nematicidal activity of the ligand and its metal complexes was inspected [18]. Root-Knot
nematode (Meloidgyne javanica) propagated in pure culture in central agricultural pesticides
laboratory. Individual egg-masses with their mature females were removed from galls of the
infected roots. Each egg-mass was located in 10 ml glass capsule containing distilled water. The
female under the particular egg-mass was removed from root tissue, dissected and identified by
microscope examination of its perineal pattern system. Identification was recorded according to
its corresponding egg-mass of previously identified females. Egg-mass were singly put on root
system of two weeks old tomato seedling race number (CV). Pritchard in 15 cm clay pots filled
with steam sterilized sandy loam soil. The inoculated pots were watered thoroughly and
preserved in greenhouse at 255 C. Two months after inoculation the plants were remoted from
the pots and the root system of each plant was examined for nematodes infection and
reproduction. Samples were from the infected roots which contained adult females and egg-
masses for identification to confirm the nematode species to their original patterns. The infected
roots were used for inoculation of tomato seed lings CV. Pritchard growth in 25 cm pots filled
with 3:1 mixture of sandy: clay soil. New tomato seedlings were transplanted to the pots as
needed. By repeating this procedure enough quantities of inocula from pure culture were
obtained.

Bioassay technique

Evaluation of tested ligand and its complexes as nematicides were carried out according to
migration method [18]. Bioassay unit consists of polyethylene tube of 1.3 cm long and 2.4 cm
diameter covered at one end with two layers, the first one is paper handkerchief then muslin
cloth. It filled with washed air-dried sand of particle size 250 μm and placed upright in a Petri-
dish 5 cm diameter serial concentration from tested ligand and its complexes were prepared in
ethanol. 1 mL of tested concentration was pipetted on surface of sand in each tube and kept at
255 C to evaporate the solvent. After 24 h, 1 mL of water was pipetted on roof of sand in each
tube, then 1 mL of nematode suspension containing 100 second stage larvae of M. javanica was
pipetted on the roof of the sand in each tube. Each bioassay unit was transferred to petri dish (9
cm diam) containing filter paper saturated with 2 mL water to serve as humidity room to prevent
evaporation. After 24 h the bioassay unit took up from humidity room and 8 mL distilled water
was added in Petri dish of bioassay unit. The number of second stage larvae that had migrated in
bioassay dish was recorded 72 h later. The number of migrated second stage larvae in treatments
was expressed as percentage of number in control and each treatment was repeated four times.
The percentages of inhibition were confirmed.
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RESULTS AND DISCUSSION

All the synthesized compounds are colored, stable at room temperature, non-hygroscopic,
insoluble in water and partially soluble in organic solvents, for example CHCl3, but soluble in
dimethylformamide and dimethyl sulfoxide. The analytical data of the compounds along with
some physical characteristics are summarized in Table 1. The Schiff base HL reacts with Co(II),
Cu(II), Y(III), Zr(IV), La(III) and U(VI) ions in absolute ethanol to form stable solid complexes.
The complexes are stable at room temperature. The complexes were acquired as colored
powdered materials and characterized using elemental analyses, magnetic susceptibility, melting
point, X-Ray Diffraction, infrared, mass, UV-Vis, proton NMR spectra and thermal analyses.
The molar ratio for all synthesized complexes is HL:M = 1:1 which was established from the
results of the chemical analyses. Also, all the prepared complexes hold water molecules except
complex (F) and the number of bound water molecules being different. The elemental analyses
agree with the chemical formulas of compounds. The spectroscopic data such as (IR and thermal
analysis) prove that the presence of water in the composition of the complexes. The metal ions
are coordinated with oxygen (phenolic, carbonyl) and nitrogen atoms of HL to forming five and
six membered rings and complete the coordination number with one or two water molecules.
The molar conductance values of HL and its metal complexes in DMF with standard reference,
using 1x10-3 M solutions at room temperature were found to be in the range 15.00 to 273.2 S
cm2 mol-1 (Table 1). The complexes solutions were tested with aqueous solutions of AgNO3 and
FeCl3, a white precipitate and red brownish color were formed which indicated the presence of
Cl- and (CH3COO)- as counter ions [19, 20]. Qualitative reactions also agree well with the molar
conductance data. The nematicidal activity of the compounds was also evaluated.

Table 1. Elemental analysis and physico-analytical data for HL and its metal complexes.

IR absorption spectra

The infrared spectra of HL and its metal complexes could be taken as a diagnostic of the mode
of the coordination of the ligand to the metal ions (Table 2). The free ligand and its complexes

Compounds
M.Wt. (MF)

Color
(yield) %

M.P.
(C)

% found (calcd) Λ
S cm2

mol-1

C H N Cl M
HL

208.21 (C10H12N2O3)
White
(90)

138 57.65
(57.68)

5.73
(5.81)

13.43
(13.45)

- - 15.00

(A)
672.37

(CoC20H38N4Cl2O13)

Pink
(80)

198 35.69
(35.73)

5.02
(5.70)

8.29
(8.33)

10.50
(10.55)

8.73
(8.76)

190.1

(B)
634.09 (CuC24H34N4O12)

Dark
Green
(70)

>300 45.43
(45.46)

5.33
(5.40)

8.80
(8.84)

- 10.00
(10.02)

161.1

(C)
647.72 (YC20H28N4

Cl3O8)

Oily
(75)

120 37.02
(37.08)

4.29
(4.36)

8.61
(8.65)

16.42
(16.42)

13.69
(13.73)

273.2

(D)
630.59

(ZrC20H28N4.Cl2O9)

Light
Yellow

(80)

>300 38.03
(38.09)

4.40
(4.48)

8.86
(8.88)

11.23
(11.24)

14.40
(14.47)

189.2

(E)
787.80 (LaC20H38N4

Cl3O13)

Beige
(70)

118 30.44
(30.49)

4.80
(4.86)

7.09
(7.11)

13.49
(13.50)

17.60
(17.63)

269.2

(F)
804.54  (UC24H30N4O12)

Red
(75)

>300 35.78
(35.83)

3.70
(3.76)

6.93
(6.96)

- 29.56
(29.59)

160.0
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have major peaks in the range 3386-3442 and 3240-3244 cm-1 in medium appearance
assingned to O-H and N-H stretching [21, 22]. However, very strong and strong bands at
1714 and 1621 cm-1 are assigned to C=O and C=N group. As expected, in complexes (B), (C)
and (F) the shift of ν(OH), ν(C=O) and ν(C=N) to lower or higher frequency, this indicate that
HL act as neutral tridentate [23, 24]. Here, metal ions react with tridentate Schiff base forming
complexes of monomeric structures (Scheme 1), where the ligand forming six and five
membered rings [25]. But in case of complexes (A), (D) and (E) the shift of ν(O-H) and ν(C=N)
to a lower wave number indicate coordination occur through oxygen of phenolic group and
nitrogen atom in C=N group with the central metal ions [26, 27] and the ligand acts as neutral
bidentate forming six mempered ring. The spectra of the isolated solid complexes showed a
group of bands with different intensities which characteristics for ν(M-O) and ν(M-N). The
ν(M-O) and ν(M-N) bands observed at 658, 589 and 472 cm-1 for complex (A), 676, 599, 551,
513 and 483 cm-1 for complex (B), at 656, 602, 517 and 472 cm-1 for complex (C), at 654, 592
and 469 cm-1 for complex (D), at 657, 589, 518 and 472 cm-1 for complex (E) and 648, 605, 531
and 494 cm-1 for complex (F) which are absent in the spectrum of free HL. Therefore, it is
concluded that all the IR data suggested that the metal was bonded to the Schiff bases through
the phenolic oxygen and the C=N nitrogen [28, 29] and oxygen of carbonyl group involved in
the coordination sphere, therefore HL behave as tridentate ligand. The data showed that ν(Zr=O)
is a medium band at 887 cm-1 and the νas(U=O) and νs(U=O) absorption bands occurs as very
strong at 901 and medium at 830 cm-1, respectively [30, 31]. The ν(U=O) of the uranyl unit in
the complex (F) occurs at lower frequency values parallel to those for the same unit, UO2, in
simple salt. The νs(U=O) value was used to calculate both the bond length and the bond
stretching force constant, F(U=O), for UO2 bond in our complex [32-34]. The calculated bond
length and force constant values are 1.744 Å and 666.49 Nm-1. Comparing between the
calculated values for FU=O, for U=O bond length in my complex [UO2(HL)2](CH3COO)2, it
seems that the HL have pronounced effect on these values.

Table 2. Selected infrared absorption frequencies (cm-1) and tentative assignments for HL and its metal
complexes.

Compounds ν(O-H);
phenolic and

H2O;

ν(N–H)
stretching

ν(C=O) ν(C=N) ν(Zr=O),
νas(U=O)
νs(U=O)

ν(M-O), ν(M-N)

HL 3442mbr 3241vs 1714vs 1621s - -
(A) 3404mbr 3240s 1713vs 1550vs - 658w, 589s,

472s
(B) 3386mbr 3243w 1703s 1610vs - 676m, 599ms,

551m, 513m, 483w
(C) 3390mbr 3241s 1724vs 1547vs  - 656m, 602ms,

517w, 472ms
(D) 3400br 3240ms 1715vs 1549s 887w 654w, 592w,

469w
(E) 3410mbr 3243m 1714s 1550ms 657w, 589s

518vw, 472w
(F) 3421mbr 3244m 1656s 1560vs 901vs

830m
648ms, 605ms,

531m, 494m

Keys: s = strong, w = weak, v = very, m = medium, br = broad, ν = stretching.

(1)

MO = mass of oxygen
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Scheme 1. The coordination mode of Co(II), Cu(II), Y(III), Zr(IV), La(III) and U(VI) with HL.

Magnetic measurements and electronic spectra

The magnetic moments (as B.M.) of the complexes were measured at room temperature. The
complexes (A) and (B) are found in paramagnetism with measured magnetic moment values at
1.80 and 2.25 B.M. The room temperature values typify the existence of octahedral
configuration in low spin state. The other complexes of (C), (D), (E) and (F) were founds as
diamagnetism. The formation of the metal complexes was also confirmed by UV–Vis spectra.
Absorption measurements based upon ultraviolet and visible radiation find widespread
application for the identification and determination of inorganic and organic species. The
absorption spectra of the free HL and its metal complexes were recorded in the wavelength
interval from 200 to 800 nm (Table 3). It can be seen that free HL absorbed at 275, 284 and 318
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nm. The bands at 275 and 284 nm may be attributed to π-π* transition and the band observed at
318 nm are assigned to n-π* transitions. The shift of bands to higher (bathochromic shift) or lower
(hypsochromic shift) values upon complexation indicate that the formation of their metal
complexes. The complexes show a group of new bands at 572, 563, 500, 527, 509 and 536 nm
which may be assigned to ligand to metal charge-transfer [35, 36]. The d-d transition absorption
spectra for complexes (A) and (B) showed one absorption band at 609 and 618 nm which are
assigned to 4T1g(F) 4T1g(P) and 2B1

2Eg transitions in favor of octahedral geometry [37, 38].
The molar absorptivity (ε) values of the prepared complexes with the metal ions under
investigation were determined using 1.0×10-3 M DMSO solution of the synthesized complexes,
by using the relation: A = εcl, where, A = absorbance, c =1.0×10-3 M, l = length of cell (1 cm).

Table 3. UV-Vis spectra of HL and its metal complexes.

Compounds Ligand transitions
(π-π*

and n-π*)
λmax (nm)

Ligand-metal
Charge transfer

λmax (nm)

ϵ (M-1 cm-1) d-d
transition
λmax (nm)

ϵ (M-1 cm-1)

HL 275, 284, 318 - - - -
(A) 275, 284, 317 572 375 609 275
(B) 275, 284, 311, 360 563 167 618 333
(C) 275,284, 318 500 111 - -
(D) 286, 359 527 3500 - -
(E) 275, 284, 318 509 313 - -
(F) 246, 320 536 73 - -

Table 4. 1H NMR values (ppm) and tentative assignments for HL and its metal complexes.

1H NMR spectra

The proton NMR spectra of the compounds were recorded in DMSO-d6 as a solvent (Table 4).
The 1H NMR spectrum of HL showed singlet at δ: 6.85–6.89 ppm corresponding to -CH
aliphatic, multiplet at δ: 7.22–8.23 ppm for –CH aromatic, triplet at δ: 1.22 ppm corresponding
to (3H, CH3), quarter at δ: 2.51 ppm corresponding to (2H, CH2), singlet at δ: 10.87 ppm
corresponding to -NH of amide group and singlet at δ: 11.25 ppm corresponding to (H, OH).
The two signals are disappeared upon addition of D2O Also, the 1H NMR spectra for complexes
exhibit new peak in the range 3.31–4.20 ppm, due to the presence of water molecules in the
complexes [39]. On comparing main peaks of free HL with its complexes, it is observed that all
the peaks of the free ligand are present in the spectra of the complexes with chemical shift upon
binding of free HL to the metal ion. In order to make sure for the presence of the two protons of
–OH and –NH in all complexes, the spectrum of La(III) complex as an example was done in
presence of D2O which indicated the presence of –OH and –NH protons in the complex.

HL 11.25 10.87 7.22–8.23 6.85–6.89 ـ 2.51 1.22

(A) 11.09 10.72 7.07–7.311 6.70–6.74 3.99–4.10 2.50 1.08
(B) 11.25 10.87 7.45 6.87 3.31–4.15 2.501 1.5
(C) 11.42 10.89 7.26–8.25 6.84–6.91 3.34–4.19 2.51 1.22
(D) 11.49 10.20 7.24–8.99 6.87–6.91 3.33 2.99 1.05
(E) 11.42 10.88 7.21–7.46 6.84–6.91 3.32–4.20 2.51 1.22
(F) 11.25 10.87 7.40–8.99 6.64–6.92 - 2.50 1.06

Complex (E) in
D2O

- - 7.00-8.99 6.91 3.32-4.20 2.51 1.24

Assignments δ, OH(s) δ, –NH(s) δ, –CH(m)

aromatic
δ, –CH(s)

HC=N
δ, H2O δ, –CH2 δ, –CH3
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Mass spectra

The idea of mass spectrometer builds up on the disconnection of ion of fragments ions
dependent to the variation of these ions with the ratio of mass to charge (m/z) [40]. Mass
spectrum of the synthesized Schiff base is in a good agreement with the suggested structure. The
electron impact spectra of the prepared complexes are recorded and inspected at 70 eV. The
mass spectra of complexes (A), (B), (C), (D), (E) and (F) displayed molecular peaks at 670,
633, 645, 629, 785 and 804 which refer to M.Wt. of these complexes (Figure 1). The HL
showed molecular peak (M+) at m/z = 208 (79%). The molecular ion peak [a] loses C2H5COO to
give fragment which refer to base peak [b] at m/z = 135 (60%). The molecular ion peak [a] loses
C6H5O to give fragment [c] at m/z = 115 (73%). It loses NH to give [d] at m/z = 193 (85%). The
molecular ion peak [a] give fragment [e] at m/z = 180 (50%) when loss N2 and also loss C2H5 to
give [f] at m/z = 179 (30%). The fragmentation patterns of our studied complexes were obtained
from mass spectra. The mass spectrum of complex (B) displayed molecular peak at m/z = 633
(60%) suggesting that the molecular weight of the assigned product matching with elemental
analysis calculated. Fragmentation pattern of the complex (B) is given as an example. The
molecular ion peak [a] appeared at m/z = 633 (60%) loses 2NH to give [b] at m/z = 603 (50%)
and it also loses (CH3COO)2.2H2O to give [c] at m/z = 479 (45%). The molecular ion peak [a]
loses NH to give [d] at m/z = 618 (90%) and it loses C6H4 to give [e] at m/z = 557 (85%). The
molecular ion peak also loses 2C6H4 to give [f] at m/z = 481 (40%) and also [g] at m/z = 543
(35%) due to loss of 2C2H5O.

Thermal analyses

Thermal analysis has a main role in studying both the properties and stoichiometry of the
derived volatile decomposition products, the destruction of the initial crystal lattice, the
formation of crystalization centers and their growth, the thermal decomposition of one
chemical bond and the formation of others, the diffusion of gases, the adsorption of gaseous
products, heat transfer and many other elemental processes. To establish the proposed
formulas for all compounds under investigation, thermogravimetric analyses (TG) and
differential thermogravimetric (DTG) analyses were carried out, under nitrogen atmosphere
and the weight loss is measured from the ambient temperature up to 1000 C. The TG and
DTG curves of HL and its complexes are shown in Figure 2 and the data listed gives the
maximum temperature values, Tmax/C together with the corresponding weight loss for each
step of the decomposition reactions of the above complexes. These data support the proposed
complexes chemical formulas under investigation. The data obtained indicate that the HL is
thermally stable at room temperature. Decomposition of the HL started at 73 C and finished
at 800 C with one stage at two maxima 227 and 554 C and is accompanied by a weight loss
99.74%, corresponding exactly to the loss of 2.5C2H4+3CO+2HCN which very closely to
calculated value 100%. The TG curve of complex (A) shows two stages of decomposition.
The first stage of decomposition occurs with two maxima 56, 119 C and is accompanied by a
weight loss of 13.80% (calcd. 13.40%), corresponding to the loss of 5H2O. The second stage
of decomposition occurs with five maxima 207, 321, 370, 594 and 801 C and is accompanied
by a weight loss of 73.07% (calcd. 73.67%) corresponding to the loss of
4NO+2HCl+CO+7C2H2 +2C2H4. giving CoO+C as a final product with weight loss of
13.16% (calcd. 12.94%). The TG curve of complex (B) exhibits three main degradation steps.
The first step of decomposition occurs in the range 47-137 C, with a maximum temperature
of 103 C and is accompanied by a weight loss of 5.68%, corresponding to the loss of 2H2O.
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Figure 1. Mass spectra diagrams for HL and its metal complexes.
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The second step of decomposition occurs in the range 139-401 C, with two maxima 201
and 261 C and is accompanied by a weight loss of 18.55 % (calcd. 18.63%), corresponding
to the loss of C2H6+2CO2. The third step of decomposition occurs in the range 402-1014 C,
with a maximum temperature of 582 C and is accompanied by a weight loss of 53.85%
(calcd. 53.66%), corresponding to the loss of 2NO+2H2O+CO+7C2H2+2NH3 giving CuO+5C
as a final product with weight loss of 22.03% (calcd. 22.03%). The TG curve of complex (C)
shows two main degradation steps. The first step of decomposition occurs at 50 and 104 C
and is accompanied by a weight loss of 5.38% (calcd. 5.56%), corresponding to the loss of
2H2O. The second step of decomposition occurs in the range 128-726 C, with two maxima
227, 560 C and is accompanied by a weight loss of 77.18% (calcd. 77.00%), corresponding
to the loss of 0.5H2O+4NO+3HCl+10C2H2 giving 0.5Y2O3 as a final product.
Thermogravimetric (TG) curve for complex (D) exhibits two main degradation steps. The first
step of decomposition occurs in the range 40-65 C, with a maximum temperature at 53 C
and is accompanied by a weight loss of 2.86% correspond to loss of H2O. The second step of
decomposition occurs at two maxima 180 and 460 C and is accompanied by a weight loss of
62.66% (calcd. 62.36%), corresponding to the loss of 2HCl+6C2H4+4NO+O2 giving ZrO2

+8C as a final solid product and is accompanied by a weight loss of 35.00% (calcd. 34.78%).
The TG curve of complex (E) shows two steps of decomposition. The first step of
decomposition occurs in the range 35-134 C with two maximum temperature 51 and 114 C
and is accompanied by a weight loss of 11.72% (calcd. 11.43%), corresponding to the loss of
5H2O. The second step of 135-579 C, with two maxima 220 and 503 C and is accompanied
by a weight loss of 64.88% (calcd. 64.83%), corresponding to the loss of
0.5H2O+7C2H2+4NO+Cl2O+3CH4+CO+HCl giving 0.5La2O3+2C as a final product. The TG
curve of complex (F) exhibits two main degradation steps. The first step of decomposition
occurs in the range 39-276 C, with a maximum temperature of 257 C and is accompanied
by a weight loss of 14.68%, corresponding to the loss of C2H6+2CO2. The second step of
decomposition occurs in the range 277-589 C, with two maxima 355 and 458 C and is
accompanied by a weight loss of 33.92% (calcd. 33.83%), corresponding to the loss of
4C2H6+2NO+2NO2 giving UO2+12C as a final product. The decomposition mechanisms are
only based on speculation and the thermal analysis without a complementary technique (gas
chromatography). The suggested residues confirmed only on the basis weight loss % calculation
and infrared spectra.

The kinetic studies

There has been increasing advantage in determining rate-dependent parameters of solid-state
non-isothermal decomposition reactions by analysis of TGC. Several equations have been
proposed to analyze TGC and obtained values for kinetic parameters [41]. The kinetic
parameters have been evaluated using the following methods [42, 43] and the results obtained
by these methods are compared with one another. The following two methods are briefly
discussed.

Coats-Redfern equation [42]

The Coats-Redfern equation (1), which is a typical integral method, can be represented as:

dα(1 − )α

0
=

A

φ
exp

-E*

RT

T2

T1

dT (4)
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Figure 2. TG and DTG diagrams for HL and its metal complexes.
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For convenience of integration, the lower limit T1 is usually taken as zero. equation on
integration gives:

ln X = ln
1-α

T2( ) =
-E*

RT
+ln

AR

φE*
for n≠1 (5)

(6)

where Φ: is the linear heating rate dT/dt, R: is the gas constant in J K-1 mol-1 and α: is the
fraction decomposed at time t. The correlation coefficient, r, was computed using the least
squares method for different values of (n = 0, 0.33, 0.5, 0.66 and 1) by plotting ln X versus 1/T
for the investigated metal complexes. E* is the energy of activation in kJ mol-1 and calculated
from the slope and A in (s-1) from the intercept. The entropy of activation ΔS* in (KJ/mol.K)
was calculated by using equation (4):

(7)

where KB is the Boltzmann constant, h is the Plank’s constant and Ts is the DTG peak
temperature.

Horowitz-Metzger equation [43]

The Horowitz-Metzger equation is an illustrative of the approximation methods. These authors
derived the relation:

(8)

(9)

where θ = T-Ts, Ts is the DTG peak temperature, T the temperature corresponding to weight
loss. In this method a straight line should be observed between the left hand sides of equations
(5) and (6) versus  with a slope of Ea/RTs

2. The entropy of activation, ΔS*, the enthalpy of
activation, ΔH* and Gibbs free energy, ΔG*, were calculated from;

ΔH* = E*–RT (10) and ΔG* = ΔH*–TΔS* (11)

All decomposition steps show the best fit for n = 1. The negative value of the entropy of
activation, ΔS* of some decomposition steps indicates that the activated fragments have more
ordered structure than the undecomposed ones and the later are slower than the normal [44, 45].
The positive sign of activation enthalpy change, ΔH* indicates that the decomposition stages are
endothermic processes [46]. The high values E* (Table 5) reveals the high stability of such
chelates due to their covalent bond character. The increase of E* for complex (F) reflects the
greater thermal stability of the complex than the other complexes and the processes involving in
translational, rotational, vibrational states and a changes in mechanical potential energy for
complexes [47]. The positive sign of ΔG* reveals that the free energy of the final residue is
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higher than that of the initial compound, and hence all the decomposition steps are non-
spontaneous processes.

Table 5. Thermal behavior and kinetic parameters determined using the Coats–Redfern (CR) and
Horowitz–Metzger (HM) operated for HL and its metal complexes.

Compounds Decomposition
range (K)

Ts

(K)
Method

Parameters
Ra SDb

E*

(kJ/ mol)
A

(s−1)
ΔS*

(kJ/mol.K)
ΔH*

(kJ/mol)
ΔG*

(kJ/mol)
HL 100-650 500 CR

HM
83.76

101.53
2.40×106

3.30×108
-0.1203
-0.0861

79.60
97.38

139.77
140.44

0.997
0.998

0.08
0.07

(A) 307-366 329 CR
HM

53.26
55.33

1.14×106

2.39×105
-0.1297
-0.1156

50.52
52.59

93.21
90.64

0.999
0.998

0.03
0.81

421-528 480 CR
HM

104.45
120.99

4.12× 109

1.55
×1011

-0.0648
-0.0347

100.46
116.99

131.58
133.64

0.990
0.990

0.13
0.15

(B) 320-410 534 CR
HM

91.83
97.87

3.65×106

2.58×107
-0.1241
-0.1079

87.39
93.43

153.67
151.03

0.999
0.999

0.03
0.03

(C) 401-551 500 CR
HM

46.90
58.43

3.35×102

5.95×103
-0.2009
-0.1769

42.74
54.27

143.17
142.74

0.995
0.995

0.07
0.09

(D) 313-338 453 CR
HM

45.24
57.15

5.30×102

2.18×104
-0.1962
-0.1653

41.47
53.39

130.37
128.29

0.999
0.990

0.05
0.18

(E) 408-551 493 CR
HM

40.76
47.80

3.41×102

4.43×102
-0.2198
-0.1984

36.65
43.69

145.21
141.72

0.990
0.990

0.08
0.11

(F) 312-549 530 CR
HM

129.41
137.32

3.07×1010

3.35×1011
-0.0489
-0.0290

125.00
132.92

150.94
148.31

0.980
0.980

0.17
0.20

X-ray powder diffraction

The powder XRD patterns of HL and complexes [(A), (B), (C), (D), (E) and (F)] were
recorded over 2θ in the range scale (10-70). The diffraction of HL, shows four sharp diffraction
peaks at about 2θ [d value Å] = 11.24[7.87], 18.23[4.87], 24.01[3.71] and 25.97[3.43]. The
diffractogram of complex (A), indicated main peaks at 2θ [d value Å] = 8.33[10.61],
15.75[5.63], 16.11[5.50], 18.47[4.80], 19.46[4.55], 22.86[3.89], 25.26[3.53], 26.17[3.41],
29.87[2.99], 30.25[2.93], 32.48[2.76], 33.04[2.71], 34.95[2.57], 37.37[2.41], 40.92[2.21],
45.71[1.98] and.47.83[1.90]. The XRD patterns of complex (B), exhibited sharp peaks
corresponding to 2θ [d value Å] = 6.51[13.57], 9.02[9.80], 10.37[8.53], 11.52[7.68],
14.34[6.18], 23.42[3.80], 24.90[3.58], 25.93[3.44] and 28.32[3.15]. The X-ray powder
diffraction for complex (C), give five sharp peaks at 2θ [d value Å] = 8.31[10.46], 11.20[7.90],
18.21[4.87], 23.97[3.71] and 25.91[3.44]. The diffraction of complex (D), give six sharp peaks
at 2θ [d value Å] = 8.31[10.64], 15.26[5.80], 22.83[3.90], 26.16[3.41], 26.75[3.33] and
32.66[2.74]. The XRD patterns of complex (E), give three peaks at 2θ [d value Å] =
8.32[10.63], 16.65[5.33] and 26.14[3.41]. The XRD patterns of complex (F), give peaks at 2θ [d
value Å] = 7.83[11.30], 11.26[7.86], 13.67[6.48], 21.25[4.18], 22.67[3.92], 24.06[3.70] and
26.34[3.38]. The mean crystallite sizes, estimated using Scherer equation [48], are shown in
Table 6. The data in this table clarify that, the HL and its metal complexes display crystalline
peaks.

t = (12)

t is the mean size of the ordered (crystalline) domains, which may be smaller or equal to the
grain size, which may be smaller or equal to the particle size. K is a dimensionless shape factor,
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with a value close to unity. The shape factor has a typical value of about 0.9, but varies with the
actual shape of the crystallite. λ is the X-ray wavelength. β is the line broadening at half the
maximum intensity (FWHM), after subtracting the instrumental line broadening, in radians. This
quantity is also sometimes denoted as Δ (2θ). θ is the Bragg angle.

Table 6. The average crystallite size of HL and its complexes estimated from XRD pattern.

Compounds 2θ (º) d value (Å) Relative
intensity (%)

Full width at half
maximum
(FWHM)a

Average crystallite
size
(nm)

HL 25.97 3.43 100 0.22 37.46
(A) 18.47 4.80 100 0.20 40.15
(B) 11.52 7.68 100 0.22 36.68
(C) 25.91 3.44 100 0.22 37.06
(D) 32.66 2.74 100 0.20 41.29
(E) 8.32 10.63 100 0.20 39.84
(F) 7.83 11.30 100 0.20 39.83

aThe maximum diffraction patterns according to the highest value of intensity.

Figure 3. Effect of HL and its metal complexes with 5000 mg/L against migration of second
stage larvae of root-knot nematode Meloidgyne javanica under laboratory conditions.

Biological activity

The preliminary screening of HL and its complexes was evaluated with 5000 mg/L on migration
of second stage larvae of root not nematode Medoiolgyne javanica under laboratory conditions
(Figure 3). The nematicidal activity of tested complexes except (F) showed the descending order
was (B), (E), (D), (C) and (A). The inhibition percentages were 41.70, 32.90, 22.70, 10.00 and
0.00, respectively, on contrast complex (F) stimulated migration of tested nematode compared
with HL.
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CONCLUSIONS

Metal complexes of Co(II), Cu(II), Y(III), Zr(IV), La(III) and U(VI) with Schiff base ligand
were formed in 1:1 molar ratio and then characterized by various physicochemical and
spectroscopic techniques. The spectroscopic data showed that the HL ligand acted as
tetradentate ligand and it coordinated to metal ions through oxygen of phenolic group and
nitrogen atom in C=N group. All the prepared complexes had octahedral structures. The stability
of the complexes was explained and kinetic parameters (Ea, ΔH, ΔS, ΔG) of the thermal
decomposition stages have been evaluated using the Coats–Redfern and Horowitz–Metzger
methods. The nematicidal effect of complex (B) changed to stimulation effect in case of
complex (F) that increased migration of nematode.
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