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ABSTRACT

A series of new mixed ligand complexes of
cobalt(ll), nickel(ll), copper(ll) and cadmium(ll)
have been synthesized with 3-benzyl-1H-4-[(2-
methoxybenzylidine) amino]-1, 2, 4-triazole-5-
thione (MBT), 3-bezyl-1H-4-[(4-chlorobenzylidine)
amino]-1, 2, 4-triazole-5-thione (CBT), 3-benzyl-
1H-4-[(4-nitrobenzylidine)amino]-1, 2, 4-triazole-
5-thione (NBT) and dehydroacetic acid sodium
salt (Nadha). The mixed ligand complexes have
been characterized by elemental analysis, spec-
troscopic spectral measurements (IR, UV-Vis.),
molar conductance, magnetic measurements and
thermal studies. The stoichiometry of these com-
plexes is M:L:L, = 1:1:1, 1:2:1 or 1:1:2 where L,
= NBT, CBT and MBT and L, = Nadha. Tetrahe-
dral structure was proposed for all Cd(Il) mixed
ligand complexes while the square planar ge-
ometry was proposed for Cu(ll) mixed ligand
complex with NBT. Octahedral structure was
proposed for Ni(ll), Co(ll) mixed ligand complexes
and Cu(ll) mixed ligand complexes with CBT
and MBT ligands. The thermal decomposition
study of the prepared complexes was monitored
by TG, DTG and DTA analysis in dynamic nitro-
gen atmosphere. TG, DTG and DTA studies con-
firmed the chemical formulations of theses
complexes. The kinetic parameters were deter-
mined from the the thermal decomposition data
using the graphical methods of Coats-Redfern
and Horwitz-Metzger. Thermodynamic parame-
ters were calculated using standard relations.

Keywords: Mix Ligand Complexes; Mercaptotriazoles;
Dehydroacetic Acid

1. INTRODUCTION

3-acetyl-6-methyl-2H-pyran-2, 4(3H)-dione, a commer-
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cially available compound usually obtained through the
auto condensation of ethyl acetoacetate [1], it has been
shown to posses modest antifungal properties [2]. The
importance of similar pyrones as potential fungicides is
reinforced by the existence of several natural fungicides
possessing structures analogous to 5, 6-dihydro dehy-
droacetic acid, like alternaric acid, the podoblastins and
lachnelluloic acid [3-5], studies have shown that such
compounds and their complexes have very interesting
biological properties[6-13]. Like dehydroacetic acid,
mercaptotriazoles and their complexes have been shown
to posses enhanced biological activities [14-27]. The
work of the present paper is devoted to the synthesis and
characterization of some new mixed ligand complexes
containing mercaptotriazoles and dehydroacetic acid.
The mercaptotriazole ligands containing the thioamide
groups which are capable of undergoing thione-thiol
(HN — C = S€> N = C — SH) tautomerism and can
coordinate to the metal atom through both nitrogen and
sulphur atoms. While the sodium salt of dehydroacetic
acid behaves as a monobasic bidentate ligand through
two oxygen atoms. Hence the present paper reports the
thermal analysis studies of some mixed ligand com-
plexes. The associated thermal decomposition mecha-
nisms are reported.

2. EXPERIMENTAL

2.1. Materials and Measurements

All chemicals used in the preparative work were of ana-
lytical grade, they include the following: dehydroacetic
acid sodium salt (Nadha), carbon disulphide, potassium
hydroxide, absolute ethanol, methanol, Dimethylforma-
mide (DMF), phenylacetic acid, o-methoxy benzaldehyde,
p-nitrobenzaldehyde, p-chlorobenzaldehyde, CuCl,-2H,0,
NiCl,- 6H,0, CoCly- 6H,0, CdCly-2.5H,0. They were
used without further purification.
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2.2. Synthesis of the Mercaptotriazole
Ligands

The ligands 3-benzyl-1H-4-[(2-methoxybenzylidine)
amino]-1, 2, 4-triazole-5-thione (MBT), 3-benzyl-1H
-4-[(4-chlorobenzylidine)amino]-1, 2, 4-triazole-5-thione
(CBT) and 3-benzyl-1H-4-[(4-nitrobenzylidine)amino]-
1, 2, 4-triazole-5-thione (NBT) were synthesized ac-
cording to literature survey [28-30]. The purity of the
ligands was checked by elemental analysis (Table 1).
The structures of ligands are shown in Figure 1.

2.3. Synthesis Cu(ll) Mixed Ligand
Complexes

To a solution of copper chloride 1 mmol in 10 mL me-
thanol, a solution of the (MBT, CBT or NBT) ligands (1
mmol in 25 mL hot methanol was added dropwise with
constant stirring in one direction. When the precipitate
was formed, 2 mmols in 10mL methanol of

Table 1. The Analytical data for the mercaptotriazole ligands.

D. M. Fouad et al. / Natural Science 2 (2010) 817-827

(Nadha) ligand was added. Refluxing of the resulting
solution carried for 8 hours. The product obtained was
left overnight, filtered through sintered glass, washed
with methanol and dried in vacuum over anhydrous
CaCl,.

2.4. Synthesis of Co(ll), Ni(ll) and Cd(ll)
Mixed Ligand Complexes

To 1 mmol of CoCl,.6H,O/NiCl,.6H,O or CdCl,.2.5H,0
and 2 mmols of sodium acetate in 25 mL methanol, a
solution of MBT, CBT or NBT (1 mmol in 25 mL hot
methanol) was added dropwise with constant stirring in
one direction. When the precipitate was formed, 2
mmols: 0.3802 grams in 10mL methanol of Nadha was
added. Refluxing of the resulting solution carried for 8
hours. The mixed ligand complex appears on cooling the
solution after 4-6 hours. The product obtained was left
overnight, filtered through sintered glass, washed with
methanol and dried in vacuum over anhydrous CaCl,.

Free ligand Analytical Data
(Empirical formula) % Found (Calculated)
Formula weight C H N S
( IITIABI\}FOS) 63.09 5.11 17.47 9.71
MW= 324401 (62.94) (4.97) (17.27) (9.88)
(«© };\“?\ITO S) 56.55 3.282 19.82 9.39
MW 339379 (56.62) (3.86) (20.63) (9.44)
(© HCBNTSCI) 58.79 4.10 17.04 9.64
MW~ 328 820 (58.44) (3.98) (17.03) (9.75)
Hp
®/c H
N
T
N \fl\l S
N==CHAr
triazole ligands
where Ar is:
OCH,

, 3-benzyl-4-[(2-methoxybenzylidene)amino]-1H-1,2,4-triazole-5-thione (MBT)

OZNO ,3- benzyl-4-[(4-nitrobenzylidene)amino]-1H-1,2,4-triazole-5-thione(NBT)
CIO , 3-benzyl-4-[(4-chlorobenzylidene)amino]-1H-1,2,4-triazole-5-thione(CBT)

Figure 1. structures for the ligands.

Copyright © 2010 SciRes.
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Dehydroacetic acid(Sodium salt)
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2.5. Physical Measurements

The carbon, hydrogen, nitrogen and sulfur of the solid
complexes were determined by Elementar analyzer sys-
tem Gmbh Vario El. Conductivity measurements for the
various complexes were carried out using Jenway 4320
meterlab conductivity meter in DMF solutions at 10~ M
concentrations at room temperature. Electronic spectra
of the solid complexes were run on perkin Elmer
UV/VIS spectrophotometer Lambda 40 using 1-cm
matched silica cells. Magnetic susceptibility measure-
ments were carried out at room temperature using a
magnetic susceptibility balance of the type MSB-Auto.
Molar susceptibilities were corrected for diamagnetism
of the component atoms by the use of Pascal’s constants.
The calibrant used was Hg[Co(SCN),]. The infrared
spectra of the free ligands and the metal complexes were
recorded on a shimadzu 470 infrared spectrophotometer
(4000-400 cm™) using KBr discs. Thermogravimetric
studies of the various complexes was carried out using a
shimadzu DTG-60Hz thermal analyzer, at heating rate
10°C min™ in dynamic nitrogen atmosphere.

3. RESULTS AND DISCUSSION

3.1. Elemental Analyses and Conductivity
Measurements

The analytical data of the metal complexes are given in
Table 2. The data reveal the formation of complexes

Table 2. Analytical and physical data for the complexes.
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having 1:1:1, 1:1:2 or 1:2:1 (metal ion: mercaptotriazole
ligand: Nadha) ratio with Co(II), Ni(II), Cu(Il) and
Cd(II). The methods used for the preparation and isola-
tion of the mixed ligand complexes give materials of
good purity as supported by their analyses. All the mixed
ligand complexes are colored except Cd(I) complexes
are white. They are stable in air and nonhygroscopic.
The synthesized complexes are sparingly soluble in the
common organic solvents but they are completely solu-
ble in DMF or DMSO.

The molar conductance values for complexes (2,
4-9) recorded as DMF solutions are within the range
8.14-30.9 Ohm™'cm’mol™ (Table 2) which indicates the
nonelectrolyte nature of these complexes. While the
mixed ligand complexes (1, 3, 10-12) show molar
conductance values within the range 71.0-84.9 Ohm™
cm’mol™ indicating that these complexes are 1:1 elec-
trolytes [31].

3.2. UV-Visible Spectra and Magnetic
Susceptibility Measurements

The electronic spectra of the Cu(Il), Ni(II),Co(II) and
Cd(II) mixed ligand complexes have been recorded as
DMF solutions in the wavelength range 250-1100 nm.
The Vg in kKK, and g, in cm’mol’! are depicted in Ta-
ble 3. The corrected magnetic moment (p.y) in Bohr
magneton units of the mixed ligand complexes are given
in Table 2.

Comlp;ex | Analytical Data A o
No. Empirical formula Color % Found (Calculated I -1 \
[(Forl)*mula weight)] C H ( N : S ohm™ e’ mol™  (BM)
1 [Cu(NBT)(dha)|CI Red 4759 310 1192 443 79.83 -
CuCu4H,0N506SCI(605.51) (47.60) (3.32) (11.56) (5.29)
2 [Cu(CBT)(dha)CI(H,0)] Green 47.45 4.02 9.43 5.81 16.47 -
CuCpHN405SCL(612.97) (47.02) (3.61) (9.14) (5.23)
3 [Cu(MBT),(dha)]C1.H,O Green  54.85 3.58 11.43 6.38 71.0 -
CuCyH4iNsO;S,C1(932.95) (54.07) (442) (12.01) (6.87)
4 [Co(NBT)(dha),].H,O Green  51.08 3.92 9.20 4.18 242 5.12
CoC3,H,N50118(750.59) (51.20) (3.89) (933)  (427)
5 [Co(CBT)(dha)Cl(H,0)].H,O Grey 46.56 3.72 9.12 5.38 309 4.86
CoCr4HsN4O6SCL(626.37) (46.01) (3.86) (8.94) (5.11)
6 [Co(MBT)(dha)CI(H,0)] Grey 49.63 460  9.16 5.49 8.14 455
CoCysH,sN406SCI1(603.94) 49.71)  (4.17)  (9.27) (5.30)
7 [Ni(NBT)(dha),].2H,0 Green 4996 390  8.96 4.09 226 3.16
NiC;,H3N501,S(768.37) (50.02) (4.06) (9.11) (4.17)
8 [Ni(CBT)(dha)CIl(H,0)].H,O Green  46.21 4.24 8.19 5.34 14.3 2.98
NiC,4H24N4O06SC12(626.13) (46.03) (3.86) (8.94) (5.12)
9 [Ni(MBT)(dha)CI(H,0)] Green  49.25 4.02 8.83 5.26 17.2 3.05
NiC,5H2sN406SC1(603.70) (49.73)  (4.17)  (9.28) (5.31)
10 [Cd(NBT)(dha)]C1.H,O White  42.70 3.10 9.65 4.84 71.8 -
CdCy4H,,N50,SCI1(672.39) (42.87) (3.29) (10.41) (4.76)
11 [Cd(CBT)(dha)]CL.H,O White  43.88 3.23 12.72 4.66 84.9 -
CdCy4H,,N405SCLy(661.83) (43.55) (3.35) (8.46) (4.84)
12 [Cd(MBT)(dha)]Cl White  47.35 3.67 8.93 493 75.2 -
CdCysH,3N405SC1(639.40) (46.96) (3.62) (8.76) (5.01)
-: diamagnetic
Copyright © 2010 SciRes. OPEN ACCESS
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Table 3. Electronic spectral data of the synthesized mixed ligand complexes.

No. Complex (ama:::(rlzanzol") assignment
33.17(35140.84) Intraligand
1 [Cu(NBT)(dha)]Cl 25.80(5948.31) LMCT
12.40(29.60) Bi;>’Al,
Intraligand
36.27(23049.82) Intraligand
2 [Cu(CBT)(dha)CI(H,0)] 34.29(21219.11) ’B1;>"Byg
15.44(26.69) B1>’Alg
’B1;>’E,
Intraligand
36.93(53248.13) Intraligand
3 [Cu(MBT),(dha)]CL.H,0 30.79(25121.52) B1;>"Bag,
13.33(48.33) By>’Al,
’B1;>’E,
34.85(84126.39) Eﬁ‘g‘fan‘i
4 [Co(NBT)(dha),].H,O 26.91(20410.62) T F)S An(or)
17.24(143.6) 4 1ol o 28120
T1o(F)>"T1(P)(03)
37.09(57420.32) Intraligand
5 [Co(CBT)(dha)CI(H,0)].H,0 15.62(131.05) “T1(F)> *Asgl(02),
T1o(F) DT 1o(P)(v3)
36.76(38944.24) {Eggﬁg:ﬁg
6 [Co(MBT)(dha)Cl(H,0)] 31.21(55761.13) T, (F)> *An(v)
15.71(131.62) JLieF) Acg(va),
Tio(F)>"T1o(P)(v3)
32.30(45142.33) Intraligand
7 [Ni(NBT)(dha),].2H,O 22.42(56013.97) LMCT
15.89(118.74) 3 Aae(F)>°T1(F)
. 34.39(12535.04) Intraligand
8 [Ni(CBT)(dha)Cl(H,0)].H,0 15.64(26.70) A (F)> Toy(F)
35.66(12174.10) Intraligand
9 [Ni(MBT)(dha)CI(H,0)] 31.42(14453.81) Intraligand
15.02(12.30) 3 Aae(F)>T1(F)
37.12(16417.18) Intraligand
10 [CA(NBT)(dha)]C1.H,0 33.46(8509.42) Intraligand
29.47(5046.47) LMCT
36.92(46607.37) Intraligand
11 [Cd(CBT)(dha)]CL.H,O 32.11(12100.81) Intraligand
29.54(6728.32) LMCT
37.10(115683.04 Intraligand
12 [CdMBT)(dha)]Cl 30.96%78832.13)) Intraligand

Three sets of bands could be recognized in the elec-
tronic spectra of the obtained mixed ligand complexes as
listed in Table 3. The first set with v, in the range
30.79-37.12 kK., could be attributed to intraligand
charge transfer transitions [32]. The second set of in-
cludes bands having v, in the range 22.42-29.54 kK.
These bands are assigned as LMCT transitions [32].

The third set of bands of Cu(II) complexes 2 and 3
have vy, at 15.44, 13.33 kK. and is assigned for a d-d
transition which is typical for distorted octahderal Cu(II)
complexes [33]. These bands are assigned to all the three
transitions *Bj,;>’Bag, ‘Big>’Aj, and ‘B, >’E, [33].
While complex (1) shows an absorption d-d band at
12.40 kK. which has been attributed to *B;,>*A,, tran-
sition suggesting square planar geometry [33,34].

The d-d transition bands observed for Co(Il) mixed
ligand complexes(4-6) are found to have v, in the
range 15.62-17.24 kK. could be attributed to ‘T 4(F)>

Copyright © 2010 SciRes.

4A2g(1)2) and *T, g(F)%“T, «(P)(v3) transitions, suggesting
distorted octahedral environment around Co(II) ions
[33,34].

The d-d transition bands observed for Ni(II) mixed li-
gand complexes (7-9) are found to have v,,,, in the range
15.02-15.89 kK. could be attributed to *Ay(F)=> T 4(F)
transitions, suggesting octahedral geometry for the Ni(Il)
complexes [33].

All the mixed ligand Cd(Il) complexes are diamag-
netic as expected for d'® electronic configuration. On the
basis of elemental analyses, infrared spectra, molar con-
ductance values and thermal analyses, tetrahedral ge-
ometry is proposed for all the complexes.

The corrected magnetic moment values for Cu(Il),
Co(II) and Ni(II) mixed ligand complexes are reported in
Table 2. All the Cu(Il) mixed ligand complexes (1-3)
display a dimagnetic nature which is attributed either to
their polymeric nature or super exchange interaction [35]
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in the complex molecules and/or high polarizability [36]
of the ligands which supplies more electron density to
copper ion and consequently the ions interact more
strongly. The room temperature magnetic moment values
of the Co(II) mixed ligand complexes (4-6) are within
the range 4.55-5.12 B.M. expected for octahedral Co(II)
complexes [35,37]. These lower magnetic moment val-
ues of the complexes may be attributed to the presence
of low symmetry component in the ligand field as well
as the covalent nature of the metal ligand bonds [38].
The room temperature magnetic moment values of Ni(II)
mixed ligand complexes (7-9) are 3.16, 2.98 and 3.05
B.M.,, respectively suggesting octahedral geometry [37,39].

3.3. IR Spectra

Relevant IR bands that provide considerable structural
evidence for the formation of mixed ligand complexes
are reported in Table 4.

The IR spectrum of the free (Nadha) ligand exhibit a
series of significant IR absorption bands appearing in the
vibrational regions at 1713, 1642 and 1252 cm™ have
been ascribed to the stretching vibrations of v(C=0)
lactone, v(C=0)carbonyl and v(C-O) phenolic, respec-
tively [40,41]. In all the complexes v(C=0) lactone re-
mains unaltered while the other two peaks shift to lower
frequency. This shift has been attributed to the coordina-
tion of the ligand to form the mixed ligand complexes.

NBT, CBT and MBT ligands show four bands at
1565-1588, 1275-1340, 1008-1040 and 780-815 cm’
which are assignable to thioamide I, II, III, IV vibrations,
respectively [42]. Theses bands have contributions from
3(C-H) + 3(N-H), v(C=S) + v(C-N) + §(C-H), v(C-N) +
v(C-S) and v(C=S) modes of vibrations, respectively.

Table 4. Relevant IR Spectral data for the complexes.

These bands are expected to be affected differently by
the modes of coordination to the metal ions. In the com-
plexes, these bands shift to lower frequency suggesting
the coordination of the sulfur atom to the metal ions [43].

All the ligands and their complexes show a band
within the range 3102-3030 cm™ which is attributed to
v(NH) vibration, indicating that the mercaptotriazole
ligands and the complexes are in the thione form. The
strongest bands observed in the range 1619-1625 cm™ in
the IR spectra of NBT, CBT and MBT ligands can be
assigned to v(C=N) vibrations of the azomethine group.
This band in the complexes shifts to lower frequency
indicating the coordination of the azomethine nitrogen to
the metal ions. The bands observed in the region 480-
520 cm™ may be assigned to v(M-N) vibration [44].

The IR spectra of the mixed ligand complexes con-
taining hydration and/or coordination water molecules
display a broad band within the range 3340-3489 cm
due to v(OH) vibrational modes of the water molecules
[45] and this was confirmed by the results of thermal
analysis. Figure 2 shows the Proposed structure for
some mixed ligand complexes.

3.4. Thermal Decomposition Studies

The measured curves obtained during TGA scanning
were analysed to give the percentage mass loss as a
function of temperature .The different kinetic parameters
were computed from thermal decomposition data using
Coats-Redfern. And Horwitz-Metger methods [46,47].
Thermodynamic parameters: entropy (AS"), enthalpy
(AH") and free energy (AG") of activation were calcu-
lated as shown in Table 5 using the following standard
relations [48].

Thioamide Bands dha characterstic bands
(O- I 1 1
Compound H) v(C=S)+ v v(C=0)
(H,0) i.f&kg)* W(C-N)+ ”é(ccl‘g)* WC=S)  carbonyl V(O
3(C-H)

[Cu(NBT)(dha)]CI - 1550 1240 1000 790 1630 1240
[Cu(CBT)(dha)Cl(H,0)] - 1550 1240 1000 790 1630 1240
[Cu(MBT),(dha)]C1.H,O 3350 1550 1260 1000 780 1630 1230

[Co(NBT)(dha),].H,O 3300 1550 1270 1000 790 1640 1220
[Co(CBT)(dha)C1(H,0)].H,O 3350 1540 1260 1010 800 1640 1240
[Co(MBT)(dha)CI(H,0)] 3350 1560 1250 1020 770 1620 1240
[Ni(NBT)(dha),].2H,O 3400 1560 1270 1000 810 1630 1240
[Ni(CBT)(dha)CI(H,0)].H,O 3350 1560 1270 1010 780 1600 1200
[Ni(MBT)(dha)CI(H,0)] 3350 1550 1180 1000 770 1620 1250
[Cd(NBT)(dha)]C1.H,O 3400 1540 1250 990 810 1630 1190
[CA(CBT)(dha)]C1.H,0 3440 1560 1260 1010 760 1620 1220
[Cd(MBT)(dha)]Cl 1570 1250 1010 750 1620 1230

Copyright © 2010 SciRes. OPEN ACCESS
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xH,0

M = Cu(II), Co(II), Ni(II) or Cd(II); x = 0 or 1

D. M. Fouad et al. / Natural Science 2 (2010) 817-827

Cl xH ,0

Figure 2. The Proposed structure for some mixed ligand complexes.

3.4.1. Thermal Analysis of [Cu(NBT)(dha)]ClI

The TGA of the square planar complex [Cu(NBT)-
(dha)]Cl gave three steps (Figure 3, 4). The first step (T
= 26.04-291.4°C, E" = 98.78 KJ/mol) is assignable to
removal of C;sH;3N50,S moiety (calcd. = 54.063%;
found = 53.829%). Step two (T = 291.61-392.12°C, E
211.85 KJ/mol) is assignable to removal of chlorine

atom and COCHj; moiety (calcd. = 12.986%; found =
12.666%). The third step (T = 394.14-751.73°C, E* =
160.68 KJ/mol) is assignable to removal of carbon atom
and C¢H4O; moiety (calcd. = 22.477%; found =
23.102%). The residual product is assignable to be Cu
(caled. = 10.494%; found = 10.403%).

I, -C;sH3N50,S I1,-Cl, -COCH;
[Cu(NBT)(dha)]Cl ——————— [Cu(C)(dha)]C] —>
11, -C, -C4H,05
[Cu(C)(CH405)] — Cu

3.4.2. Thermal Analysis of Some Complexes

The TGA of the complexes 1, 2, 3, 4, 5, 6, 7, 10 gave
three steps. The first step (T = 29.69-208.26°C, E" =
17-178.34 KJ/mol) is assignable to removal of one water
molecule. Step two (T = 169.55-388.84°C, E' = 35.48-

I, -H,0

430 KJ/mol) is assignable to removal of C;sH;3N,Cl
moiety. The third step (T = 321.16-751.62°C, E* = 93-
261 KJ/mol ) is assignable to removal of CsH;0; moiety
and chlorine atom giving CuO + CS as residual prod-
ucts:

11, -C5H 3N, Cl

[Cu(CBT)(dha)Cl(H,0)] —— [Cu(CBT)(dha)Cl]

1L, -Cl, -CgH,0;
[Cu(CS)(dha)Cl] —————————>

DrTGA

TGA
mg/min %

CuO +CS

DTA
uv

100.0f

80.00

60.00

20.00

0.00

0.00

~. VA \<' T T T
N\ 4 =N
A\ 7 ~—_ -20.00
\ / T —
(e T
20.00 Vs T~
Vi T~
. ) ‘ T -40.00
200.00 400.00 600.00
Temp [C]
SHIMADZU CORPORATION
Figure 3. TG-DTG curves of complex 1.
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Figure 4. Coats-Redfern and Horwitz-Metzger plots of complex 1(a: 19 step, b: 2™ step, c: 3™ step).

The TGA of the complexes 8, 9, 12 gave four steps. The
first step (T = 27.51-316°C, E" = 42.69-58 KJ/mol) is
assignable to removal of two water molecules. Step two
(T = 191.98-339.03°C, E* = 53.18-205.84 KJ/mol) is
assignable to removal of CgH;O; moiety and chlorine
I, -2H,0

atom. The third step (T = 318-529.38.57°C, E" = 136-
205.91 KJ/mol) is assignable to removal of C¢H4Cl moi-
ety. The fourth step (T = 444.59-751.64°C, E" = 62.35-
196.92 KJ/mol) is assignable to removal of C;oHoNy
moiety giving NiO + S as residual products.

11, -CgH,05, -Cl

[Ni(CBT)(dha)CI(H,0)].H,0 —— [Ni(CBT)(dha)Cl] >

11, -C¢H,4Cl

[Ni(CBT)(0)] ———— [Ni(CioHoN4S)(O)] ——>

3.4.3. Thermal Analysis of [Cd(CBT)(dha)]CI.H,O
The TGA of the tetrahedral complex [Cd(CBT)(dha)]Cl.
H,0 gave five steps. The first step (T = 37.43-173.98°C,
E"=94.16 KJ/mol) is assignable to removal of one water
molecule (calcd. = 2.722%; found = 2.322%). Step two
(T = 175.18-218.69°C, E"= 67.71 KJ/mol) is assignable
to removal of chlorine atom (calcd. = 5.356%; found =
5.289%). The third step (T = 219.89-284.97°C, E* =
194.96 KJ/mol) is assignable to removal of C;HsN,Cl

I, -H,0
[CA(CBT)(dha)]CLH,0 — >

UL -C7HN,CL [Cd(CoHgN,S)(dha)]

V. -C0O.-S.-CiH; 4o + ¢
—_—

3.5. Thermal Stability

Comparing the values of the initial decomposition tem-
peratures (Tige) of the organic part or the activation
energy data for the prepared mixed ligand complexes the
following data is obtained:

MBT rather than CBT and NBT forms the most stable
complexes with Cu(Il), Co(II) and Cd(II) while the most

Copyright © 2010 SciRes.

IV,-CHN, -C4H,0,
—_—

IV, -CjoHoNy
NiO + S

moiety (caled. = 23.054%; found = 23.186%). The
fourth step (T = 286.97-475.42°C, E" = 78.45 KJ/mol) is
assignable to removal of C¢H;,O, and CHN, moieties
(caled. = 22.988%; found = 22.154%). Step five (T =
477.41-751.71°C, E* = 193.02 KJ/mol) is assignable to
removal of sulphur atom and CO and CgH,; moieties
(caled. = 24.661%; found = 23.154%) giving CdO + C
as residual products (caled. = 21.216%; found =
20.804%).

11, -Cl

[Cd(CBT)(dha)]cl — [Cd(CBT)(dha)]

[Cd(CgH;S)(C,0,)]

stable Ni(I) complex in presence of CBT as a S, N do-
nor ligand (Figure 5).

For complexes containing the same mercaptotriazole
ligand; Cd(II) have been found to form the most stable
complexes in presence of NBT or MBT ligands. While
in case of presence of CBT ligand, Cu(Il) forms the most
stable complex.
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Figure 5. Relationships between the activation energy for the first decomposition step for the mixed ligand com-

plexes and the S, N donor ligand: Cu(II)(A) and Ni(II)(B) complexes.

Table 5. Kinetic and thermodynamic parameters for the thermal decomposition of the synthesized complexes.

Comp- Coats-Redfern equation Horwitz-Metzger equation
lex Step n (Kinetic Pararmeters) (Thermodynamic parameters) (Kinetic Pararmeters) (Thermodynamic parameters)
No. r E Z AS AH AG r E z AS AH AG

1 1.0 1.0000  98.78 1578.17 -188.10 103.00 198.39 0.999 10720 475x10°  -83.20 111.39  153.59

1 2 2.0 09991 21185 3407.68 -183.36  217.00 330.53  0.9988  222.27 1'190717X 80.12 22739 177.77
3 2.0 0.9997  160.68 2566.76 —188.02 167.48 321.12 0.9997 17450  3.85x10° —88.92 181.25  253.92

1 0.0 0.9998 58.56 937.11 —188.98 61.35 124.63 1.0000 64.25 2.69 x 10 -103.6 67.02 101.72

2 2 0.0 1.0000 85.48 1369.69 -189.47 89.79 188.10 1.0000 94.41 8.91 x 10° -116.4 98.70 159.13
3 2.0 1.0000  257.51 4138.54 —181.58 262.56 372.78 0.9999  267.55 3,1%62]>< 160.51 272.5 175.14

1 1.0 0.9995 76.98 1232.71 —-189.14 80.71 165.59 0.9992 84.60 3.81x 10 —-103.1 88.32 134.61

3 2 2.0 0.9988  453.67 7256.60 —176.09 458.25 555.15 0.9602  336.07 7i1()529X 321.52 340.62 163.69
3 0.5 1.0000 57.76 935.37 —-195.66 63.97 210.04 1.0000 70.52 158.19 -210.44 76.69 233.80
105 10000 872 94L80 19037 6203 13771 09999 6535 oo 12473 6863 11822

4 2 1.0 1.0000 29.71 482.62 —198.33 34.13 139.38 0.9999 38.66 11.10 —229.69 43.05 164.94
3 1.0 1.0000  102.44 1652.87 -192.18 109.65 276.47 1.0000 117.13 29439.29  -168.24 12431 270.34

1 2.0 0.9999 28.06 454.21 —196.43 31.36 109.42 1.0000 34.74 117.06 -207.70 38.02 120.56

2 0.0 09990  51.59 833.72 —194.04 56.14 16242 09997  60.77 1181.68  —191.14  65.30 169.99

’ 3 1.0 1.0000 90.97 1463.43 —190.93 96.46 222.67 0.9999 101.53 3'1785X —144.91 107.00  202.79
4 1.0 1.0000  266.18 4280.90 —182.62 272.10 402.03 0.9998  276.69 2'1%?;( 98.47 282.57 21251

1 2.0 0.9995 178.34 2771.21 —182.18 181.97 261.54 0.9923 185.69 3'15(;0)( 145.31 189.31 125.84

6 2 2.0 0.9986  268.70 4316.30 —-180.55 273.35 374.39 0.9981 278.43 2‘150%;( 198.06 283.06 172.22
3 0.0 0.9863 93.38 1505.70 —192.24 100.00 253.12 0.9904 106.49 1822542  —171.51 113.07  249.68

1 0.33 1.0000 17.13 555184.60 —138.27 20.83 82.38 1.0000 2441 1.40 —245.41 28.09 137.33

7 2 0.0 09984 3586 581.46 -197.03 40.41 14825  0.9995  44.84 23.76 -223.62  49.36 171.75
3 2.0 0.9970  186.82 2965.89 —186.33 193.23 336.75 0.9967 199.69 2'130011X -35.28 206.06  233.24

8 1 0.0 09914  42.69 688.84 -193.36 46.16 126.77  0.9953  49.72 4726.17  -177.35  53.17 127.10
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2 0.5 1.0000  60.18 970.55  —192.84 6477 17116 09999 6922  9083.61 17425 7378  169.92
3 20 09986 20591 331603 18551 21241 35728 09984  218.87 1'11()9.? 2171 22533 24229
4 20 09999 19692 317260  —187.12 20446 37411  1.0000 21276 1'1%315 —6243 22025 276.86
1 00 09999 5840 93477  -188.99  61.18 12438 1.0000  64.07 l'fg7x -106.69  66.84 10251
2 00 09982  53.00 856.16  —193.50 5738 159346 09992  61.76 195932  —186.62  66.11  164.44
’ 3 20 09996 13612 217036 —187.74  141.67  267.04 09994  146.75 2'%1* ~73.54 15228 20139
4 00 09968 12246 196560  —189.79 12890 27586 09977 135.86 3'?36X ~128.70 14226 24192
1033 09993  23.05 37388  —198.97  26.74 11511 09999 3034 1010 —22899 3401 13572
10 2 20 09938 49660 792871  —17471  500.83  589.74  0.9951  506.27 l'l‘gi,x 73026 51048  138.86
3 20 1.0000 26118 419754  —I81.55 26629  377.74 09547 27143 2,1%62]>< 157.11 276,50  180.06
1 00 09999 9416 151685  —186.87  97.65 176.19  1.0000  101.22 1'1301.0x -5407 10470 12742
2 1.0 1.0000 67.71 1088.20 7170 —190.73 16328  0.9998  75.49 7'1735X ~136.12  79.46  144.81
1 3 20 09957 19496 313670 18348  199.77  305.84  0.9952  204.54 1'1209.(? 5805 20932 175.76
4 0.5  1.0000 7845 1265.17  —192.73 8434 22106  1.0000  89.88  12913.82 —173.41 9574  218.75
5 0.5 09997 19302 310977  —18637  199.77 35111 09948  256.82 9'1207.3x 1414 26354  252.05
1 20 09982 51143 8173.13  —17535 51615 61549 09988  522.15 l'll()%f 65047  526.84 15830
2 1.0 09997 32345 519246  —-179.77 32855 43869 09995 333.73 6'190326x 26293 33879  177.70
. 3 0.5 1.0000 20584+ 331481  -18532 21218 35347  1.0000 218.72 Giﬁ(ﬁzx 720 22502 23051
4 00 09944 6235 101209  —196.88  70.13 25430 09946  80.32 2403 22798 8805 30131

3.6. Conclusions

Studying the TGA and DTA curves for the complexes
indicates that there is a series of thermal changes on the
DTA curves associate the weight loss in the TGA curves.
This study leads to the following conclusions:

1) The presence of more than one exothermic peak in
the DTA curves of all the complexes reveals that the
pyrolysis occurs in several steps [49].

2) The difference in the shape of the DTA curves of
the complexes containing the same metal ion with re-
spect to each other may be attributed to the structural
features of the ligand or the strength of the chelation
between the metal ion and the ligand; this also led to the
variety in the thermal behaviour of the complexes [50].

3) The thermal behaviour of the complexes displays
an observable difference with respect to each other. This
difference indicates that the thermal behaviour of these
complexes depends mainly on the type of the ligands
rather than the type of the metal ion.

4) Most complexes having DTA curves characterized
by the presence of main sharp and strong exothermic
peaks in their ends. These peaks are associated with a
weight loss on the TGA curves corresponding to the de-
composition of one stable intermediate compounds into

Copyright © 2010 SciRes.

the corresponding final residue [50].

5) The entropy values for all degradation steps of all
degradation steps of all complexes were found to be
negative, which indicates a more ordered activated state
that may be possible through the chemisorption of some
decomposition products [51-53].

6) The relatively low values of values of AH" for the
prepared complexes confirm the M-S or M-N bond rup-
ture [54,55]

7) The high values of the free energy of activation
(AG") for most of the steps in the decomposition reac-
tions of the complexes mean that the decomposition re-
actions are slower than that of the normal ones [48].

8) In general there are no obvious trends in the values
of AH” and AS” for the studied complexes. This may be
attributed to the fact that the thermal decomposition of
the complexes is controlled not only by the structure of
the ligands but also by the configuration of the coordina-
tion sphere [56,57].

9) The values of the free energy of activation (AG") of
a given complex, generally increase significantly for the
subsequent decomposition stages. This is due to the in-
crease TAS" values significantly from one step to an-
other which overrides the values of AH" [48].

10) Increasing the AG” values for the subsequent of a
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given complex reflects that the rate of removal of a
given species will be lower than that of the precedent
one [48]. This may be attributed to the structure rigidity
of the remaining complex.

11) There is much closeness in the enthalpy (AH")
values obtained by Coats-Redfern equation and Horwitz-
Metzger equation, indicating that the thermal degrada-
tion of these complexes follow the standard methods.
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