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 Abstract: A new method for preparing 1,5-diphenylselenocarbazone (selenazone) 
nanoparticles and their complexes with Pb2+, Cd2+, Co2+, and Ni2+ has been performed 
using hot methanol solvent. The ligand and its complexes were characterized using FT-
IR, UV-Vis, 1H-NMR, 13C-NMR, X-ray powder diffraction (XRD), EI-mass spectrometry, 
scanning electron microscopy (SEM), HG and flame-atomic absorption 
spectrophotometer, thermal analysis (TG/DTA), and molar conductance measurements. 
The molar conductance measurements in all complexes were recorded low values in 
DMSO, indicating that all the metal complexes were non-electrolytes except the nickel 
complex that possessed an electrolytic nature. Kinetic and thermodynamic parameters of 
complexes (A, E, ∆H, ∆S, and ∆G) have been computed using three kinetic models of 
Coast-Redfern, Broido, and Horowitz-Metzger, that illustrated the decomposition 
reactions in all steps were nonspontaneous. Thermogravimetric analyses (TG/DTA) were 
consistent with the atomic spectroscopy data proving that the geometry shape of all the 
complexes was octahedral. 
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■ INTRODUCTION 

Organoselenium compounds are defined as 
chemical compounds that contain both carbon and 
selenium atoms in their structure [1]. Wöhler and 
Siemens first introduced these compounds in 1847 with 
the synthesis of ethyl selenol [2]. Under mild conditions, 
organoselenium compounds can serve as valuable 
intermediates in synthesizing some organic compounds 
(e.g., the synthesis of alkyl selenoxide from alkyl selenides 
using oxidant agents) [3]. In the last few decades, the 
organic compounds of selenium were appeared to have a 
high activity as useful intermediates in organic compound 
syntheses. The high activity of these compounds can be 
attributed to the presence of selenium in their structure, 
and it also involves in several organic reactions by three 
routes as an electrophile, nucleophile, and a radical form 
[3-4]. Selenoketon compounds belong to the 
organoselenium compounds and are defined as chemical  
 

compounds with a double bond between carbon and 
selenium atoms. Generally, these compounds are 
relatively stable than the other species of selenium 
compounds with a high reactivity that helps their 
participation in unique reactions [2-3]. Moreover, 
organoselenium compounds have greater bioavailability 
when compared with inorganic selenium compounds 
and are less toxic [5-6]. The selenazone complexes as 
mercury bis(1,5-diphenylselenocarbazonate), chloro 
mercury bis(1,5-diphenylselenocarbazonate), and zinc 
bis (1,5-diphenylselenocarbazonate) were prepared by 
Coleman et al. [7]. Good results were obtained for 
extracting some cations from their aqueous solution by 
utilizing the selenazone [8]. The current study aims to 
synthesize selenazone ligand by a new method via 
replacing the sulfur atom in dithizone compound with 
selenium and prepare some of their complexes with 
divalent ions. Furthermore, the thermogravimetric 
analysis is conducted for all complexes. 
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■ EXPERIMENTAL SECTION 

Materials 

Dithizone, and sodium carbonate were supplied by 
Analar. Selenium powder and methyl iodide were 
obtained from Merck. Sodium borohydride was supplied 
from Riedel-de Haën AG Seelze-Hannover (RDH). 
Absolute ethanol was supplied by J.T. Baker. Methanol 
and dimethylsulfoxide were obtained from Himedia. 
Hydrochloric acid and nitric acid were supplied from 
GCC. Lead nitrate Pb(NO3)2, cadmium nitrate 
Cd(NO3)2·4H2O, cobalt nitrate Co(NO3)2·6H2O and 
nickel chloride NiCl2·6H2O were supplied by BDH. 

Instrumentation 

Several techniques were used for characterizing 
selenazone ligand and their complexes. The melting 
points of the complexes have been recorded on a Fisher 
Johns melting point apparatus. FT-IR spectra of 
selenazone ligand and their complexes were measured in 
the region of 4000–400 cm–1 in KBr disk by utilizing 
Shimadzu FT-IR 8400S spectrophotometer. Mass 
spectrometry was used to scan selenazone ligand by EI 
technique, 5973 Agilent technology (HP). 1H and 13C-
NMR spectra were measured on a Bruker DRX (500 MHz 
and 100 MHz respectively) using CD3OD and DMSO-d6. 
UV-Vis spectra for ligand and nickel complexes were 
recorded on a Shimadzu, 1800 UV-Vis spectrophotometer. 
X-ray powder diffraction spectroscopy was recorded for 
selenazone ligand by utilizing a Kα-Cu source at a 
frequency of 1.54 Å (model PW 1730, Philips). The 
morphology of selenazone ligand was examined by 
scanning electron microscopy (SEM) using Zeiss 
microscopy at 10.00 kV. The metal content in selenazone 
ligand and their complexes have been determined with a 
Shimadzu, AA7000 atomic absorption spectrophotometer. 

The molar conductance of the selenazone complexes in 
hot DMSO at 75 °C (10–3 M) was measured using WTW 
3110 Condi Set1 apparatus. Finally, thermogravimetric 
analyses (TG/DTA) have been executed in a dynamic 
nitrogen atmosphere (20 mL/min) with a heating rate at 
10 °C/min by utilizing STD-Q600 thermal analyzer. 

Procedure 

Synthesis of selenazone ligand (Z) 
1,5-diphenylthiocarbazone (4.10 g, 16 mmol) has 

been dissolved in 50 mL absolute ethanol followed by 
(2.84 g, 20 mmol) methyl iodide. The reaction mixture 
was stirred for 15 min at room temperature and left 
under reflux for 1 h (Solution A) [9]. 

For the preparation of solution B, sodium 
carbonate (1.06 g, 10 mmol) was dissolved in 20 mL of 
warm deionized water and then transferred into the 
round bottom flask of three necks (100 mL) containing 
1.97 g (25 mmol) of selenium powder and 1.13 g  
(30 mmol) of sodium borohydride. The mixture was 
then stirred at 100 °C for a short time under an inert 
atmosphere of argon gas. As a result, the color of the 
solution was changed from black to colorless. 
Consequently, the ethanolic solution (solution A) was 
added to it. The mixture was then left at room 
temperature and continuously stirred under inert gas of 
argon for 3 h. The resulting blackish-brown precipitated 
solid was filtered and washed several times by absolute 
ethanol and deionized water. Then it was recrystallized 
by methanol:water (1:5). Finally, the precipitate was 
dried and showed some physical properties such as 
blackish brown color, m.p: 119–120 °C, and a yield of 
65%. These results obtained are consistent 
approximately with previous studies [7-8]. The synthesis 
of selenazone (Z) has been carried out following reaction 
Scheme 1. 
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Scheme 1. Preparation of selenazone ligand (Z) 
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Synthesis of the transition metal complexes with 
selenazone ligand 

ZPb complex: selenazone ligand (0.606 g, 2 mmol) 
was dissolved in 50 mL of warm methanol, and then 
(0.311 g, 1 mmol) of lead nitrate dissolved in 50 mL of 
methanol was added to it. The mixture was stirred and left 
under reflux for 3 h. Upon forming the blackish gray 
precipitate, the precipitate was filtered and washed with 
warm methanol several times. The obtained precipitate 
was then dried in the oven at 70 °C and displayed some 
physical properties: blackish gray color, m.p: > 300, and a 
yield of 35%. 

ZCd complex: (0.606 g, 2 mmol) of selenazone 
ligand (Z) was dissolved in 50 mL of warm methanol and 
then added to (0.308 g, 1 mmol) of Cd(NO3)2·4H2O in  
50 mL of methanol. The solution was mixed with 
continuous stirring and left under reflux for 6 h. A dark 
brown precipitate was formed. The formed precipitate 
was filtered and washed with warm methanol several 
times and was dried at 70 °C in the oven. The precipitate 
showed dark brown color, m.p: > 300, and a yield of 30%. 

ZNi complex: The nickel complex was prepared in a 
similar procedure to the lead complex by mixing 50 mL 
warm methanolic solution (0.237 g, 1 mmol) of NiCl2·6H2O 
with 50 mL methanolic solution of prepared ligand (Z) 
(0.606 g, 2 mmol). The mixture was left under reflux for  
3 h with continuous stirring and was left overnight at room 
temperature. The mixture solution was filtered, dried, and 
washed with diethyl ether several times. The precipitate 
has a brown color, m.p: > 300, and a yield of 75%. 

ZCo complex: 50 mL of methanolic solution of 
ligand (Z) containing (0.606 g, 2 mmol) was mixed with 
30 mL of methanolic solution of Co(NO3)2·6H2O. The 
color of the resulted mixture changed immediately to 
reddish black under refluxing for 4 h with continuous 
stirring. The mixture was filtered and washed with hot 
methanol several times, and the precipitate was collected 
and revealed some physical properties like brown color, 
m.p: > 300, and a yield of 30%. 

■ RESULTS AND DISCUSSION 

The current work focuses on synthesizing 
selenazone ligand derived from dithizone and preparing 

their complexes with metals ion such as lead, cadmium, 
nickel, and cobalt in a hot methanolic solution. The 
selenazone ligand has good solubility in many common 
organic solvents, but their complexes are insoluble in 
different common solvents except hot DMSO (at 75 °C). 
Therefore, many techniques were used to characterize 
selenazone ligands and their complexes. The results 
were discussed in this section. 

Physical Properties 

Selenazone ligand has a good solubility towards 
common organic solvents such as methanol, toluene, 
diethyl ether, dichloromethane, and xylene. However, all 
the Pb(II), Cd(II), Ni(II), and Co(II) complexes have 
some physical properties that differ from the ligand in 
terms of color, melting points, and solubility in which 
the complexes are insoluble in many common solvents 
except hot DMSO (at 75 °C). The results of physical 
properties for preparing compounds are listed in Table 1. 
The values obtained from the experimental data were 
consistent with the theoretical values used to determine 
selenium in selenazone ligand by utilizing the hydride 
generation methods that confirm the suggested 
structural formula of ligand. Additionally, the 
percentage of metals obtained from flame-atomic 
absorption spectrophotometer [10] in all the complexes 
concurred with the experimental results that indicated a 
1:4 (M:L) ratio. Besides, the values of molar conductance 
(using hot DMSO as solvent at 75 °C) indicated that all 
the complexes possessed a non-electrolytic nature 
exclusive to the nickel complex and have electrolytic 
nature. 

Spectral Characterization 

Several spectral analyses can be used to prove the 
suggested structure formula for selenazone ligand and 
their complexes as follows: 

Mass spectra analysis 
Mass spectrometry is an important technique for 

diagnosing compounds in coordination chemistry by 
determining the molecular ion to confirm the suggested 
structure formula of compounds [10]. So, selenazone 
ligands (Z)  exhibited a peak of  low intensity at  m/z 303  
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Table 1. The physical properties of selenazone and their complexes 
Symbol 
Comp. 

Molecular formula & 
molecular weight 

Physical state Color 
Melting 
point °C 

Metal % Λ 
Ohm–1 cm2 mol–1 Found Calc’d 

Z 
C13H12N4Se 
303.22 

Powder Blackish brown 119–120 
26.86 

Se 
25.72 

Se 
- 

ZPb 
C52H52N16O3PbSe4 
1472.11 

Powder Blackish gray ˃ 300 
14.21 

Pb 
14.07 

Pb 
7.27 

ZCd 
C52H52CdN16O3Se4 
1377.33 

Powder Dark brown ˃ 300 
8.25 
Cd 

8.18 
Cd 

3.3 

ZCo 
C52H53CoN16O3.5Se4 
1332.86 

Powder Brown ˃ 300 
4.49 
Co 

4.42 
Co 

4.48 

ZNi 
C52H61Cl2N16NiO6.5Se4 
1459.58 

Powder Brown ˃ 300 
4.15 
Ni 

4.02 
Ni 

80.71 

 
with relative abundance (0.35%), attributed to the 
molecular ion, while the base peak was observed at m/z 77 
(100%) that correspond to [C6H5]+. The fragment of 
molecular ion for selenium isotope (80Se) appeared at m/z 
305 (0.01%). Furthermore, a new fragment revealed at 
m/z 606 (0.05%) may be indicating to form dimers 
structure of selenazone ligand (Z). The mass spectrum of 
selenazone is shown in Fig. 1. 

X-ray diffraction pattern 
X-ray diffraction spectroscopy provides useful 

information about the crystal size and crystalline phase 

and assists in characterizing compounds [11]. 
Selenazone ligand was prepared by replacing the sulfur 
atom with a selenium atom. The pattern of the 
selenazone ligand (z) showed several bands with 
positions at 2θ = 18.9°, 23.5°, 26.6°, 29.6°, 41.4°, 43.6°, 
45.4°, 51.74°, 56.2°, 61.7°, 65.4°, and 71.7°, due to the 
existence of selenium atom in the structural formula of 
selenazone ligand that appropriate with the results that 
obtained in the previous studies [12-13]. On the other 
hand, the bands of sulfur atoms disappeared in the 
pattern of selenazone ligand that enhanced the formation  

 
Fig 1. (a) Mass spectrum of selenazone ligand (Z) (b) The expanded mass spectrum of selenazone ligand 
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of the suggested structure formula of selenazone ligand. 
The crystal size of selenazone (Z) was computed by Debye 
Scherrer’s equation [11-13], proving that the average size 
of the crystals (19.78 nm) of selenazone was within the 
nanoparticles class. The XRD data of selenazone ligand 
are explained in Table 2 and Fig. 2. 

Scanning electron microscopy (SEM) 
The SEM technique provides good information 

about the topology of the compounds by yielding images 
through scanning the surface of the sample after coating 
with gold and a concentrated beam of accelerated 
electrons [14-15]. The SEM image (Fig. 3) was utilized to 
prove a selenium atom in the structure of the selenazone 
ligand. The results revealed that the shape of nanorods 
was attributed to the selenium atom. These findings were 
suitable with the XRD data that confirm the existence of 
selenium in the selenazone structure. Likewise, the SEM 
result was consistent with previous studies that prove the 
existence of selenium nanoparticles [12]. 

FT-IR spectroscopy 
The IR spectrum of selenazone ligand (Z) was 

measured by KBr disk in the region 4000–400 cm–1. The 
IR spectrum demonstrated a new peak at 980 cm–1 
attributed to the group of C=Se in the ligand structure 
[16]. Some peaks disappeared in the spectrum of 
selenazone ligand when compared with the dithizone 
spectrum, such as C=S, C–S, C=N, and S–H groups. The 

data obtained from the FT-IR spectrum confirm the 
formation of selenazone ligand via the replacement of 
the selenium atom rather than the sulfur atom. Moreover, 
the tautomeric forms disappeared in the selenazone 
ligand compared to the dithizone spectrum without the 
C=N group. Also, new peaks were observed, such as C–
Se, and Se–H, while the peak of C=Se disappeared when 
comparing the IR spectra between selenazone ligand with  

 
Fig 2. XRD spectrum of selenazone ligand (Z) 

 
Fig 3. SEM image of selenazone ligand (Z) 

Table 2. The XRD data of selenazone ligand (Z) 
Pos.  

[2θ °] 
Height 

[cts] 
FWHM 

[2θ °] 
d-spacing 

[Å] 
Rel. Int. 

[%] 
Crystal size 

(D nm) 
18.9624 558.64 0.2952 4.68017 20.83 27.28 
23.5491 1027.11 0.4428 3.77798 38.29 18.32 
26.6454 448.61 0.2952 3.34557 16.72 27.65 
29.6836 2682.40 0.3936 3.00970 100.00 20.88 
41.4472 356.82 0.5904 2.17865 13.30 14.38 
43.6544 932.45 0.2460 2.07348 34.76 34.78 
45.4515 476.39 0.5904 1.99559 17.76 14.58 
51.7456 375.11 0.5904 1.76669 13.98 14.95 
56.2229 283.18 0.8856 1.63616 10.56 10.17 
61.7438 263.21 0.8856 1.50245 9.81 10.45 
65.4836 181.85 0.3936 1.42541 6.78 23.99 
71.7806 102.39 0.4920 1.31506 3.82 19.92 
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Table 3. The results of FT-IR for selenazone ligand and their complexes 
Functional group (cm–1) Dithizone Selenazone (Z) ZPb ZCd ZCo ZNi 

N–H 3435, 3400 3278 3266 3267 3280 - 
O–H - - 3421 3450 3433 3404 
C–H Arom.  3003, 3091 3026, 3047 3154, 3131 3010 3159, 3053 3062 
N=N 1490 1494 1469 1490 1477 1485 
C=C 1597–1444 1597–1408 1597–1405 1558–1427 1600–1400 1600–1400 
S–H 2530 - - - - - 
C=S 894, 860, 1062 - - - - - 
C–S 501 - - - - - 
Se–H - - 2207 2260 2177 2308 
C=Se - 979 - - - - 
C–Se - - 573 574 578 580 
C=N 1627 - 1635 1645 1622 1633 
C–N 1219 1226 1257 1222 1247 1263 
M–N - - 455 626 648 501 

 
their complexes. A strong band was observed at 3278 cm–1 
[17-18], attributed to the amine group in the selenazone 
ligand. This band shifted towards a lower wavenumber in 
the complexes spectra about (∆ν = 2–12 cm–1) due to the 
share amine group with metal ions through the lone pair 
of electrons on the nitrogen atom. 

Furthermore, the azo group also formed complexes 
by coordinating with metal ions through the lone pair of 
electrons on the nitrogen atom [18]. As a result, their 
wavenumbers in the complexes' spectra shifted to lower 
values (∆ν = 4–25 cm–1). All complexes spectra exhibited 
a new peak in the 3404–3450 cm–1 and 455–648 cm–1 
attributed to the O–H and M–N bonds [10,19]. The IR 
data of compounds are listed in Table 3. 

UV-Vis spectroscopy 
The electronic spectra of dithizone and selenazone 

were recorded within 200–800 nm in ethanol and 
methanol as solvents, respectively. Dithizone showed 
many bands at 226, 266, 277, 295, 444, and 593 nm due to 
π-π* and n-π* transitions. The bands at 444 and 593 nm 
were attributed to thiol -thione formation. These refer to 
the presence of tautomerism in the dithizone structure 
[20]. The electronic spectrum of selenazone displayed 
four bands at 267, 296, 413 and 535 nm attributed to π-π* 
and n-π* transitions with molar extinction coefficients at 
8620, 5810, 10750, 3350 L mol–1 cm–1 respectively. These 
bands confirm the formation of the selenazone ligand and 

the disappearance of the tautomeric forms from the 
selenazone ligand structure. The electronic spectrum of 
nickel complex showed a strong band at 261 nm (22020 L 
mol–1 cm–1) attributed to transition motions of phenyl 
rings. This band's wavelength was unaffected compared 
with the selenazone ligand (Z) spectrum, indicating 
unshare the phenyl rings in the complex formation. The 
transition band that appeared in ligand spectrum at 296, 
413, and 535 nm are shifted in nickel complex spectrum 
towards a redshift and hypochromic effect at 328, 420 
and 549 nm with molar extinction coefficients at 9890, 
3070, and 2380 L mol–1 cm–1 respectively. This indicates 
the involvement of the nitrogen atom in azo and amine 
groups for coordinating with nickel ion. A new band also 
shows at 666 nm (143.4 L mol–1 cm–1) in the complex 
spectrum due to d-d transition [21]. All results of 
electronic spectra are shown in Fig. 4. 
1H and 13C-NMR spectra analysis 

The results of the 1H-NMR spectral of the 
selenazone ligand at ambient temperature in CD3OD 
prove the suggested structure elucidation of the 
selenazone ligand. The 1H-NMR spectrum showed two 
singlet signals at chemical shift δ = 2.33, 2.48 ppm 
attributed to the protons of amine groups (N–H) [22]. 
On the other hand, multi signals appeared in the 
chemical shift range from 6.70 to 7.68 ppm. These 
correspond to  ten protons  attributed to the  protons of  
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Fig 4. (a) The UV-Vis spectrum of nickel complex (b) The UV-Vis spectrum of selenazone and nickel complex 

 
phenyl rings [10,23-24]. Nickel complex was revealed a 
good solubility in DMSO solvent at room temperature, 
while the other complexes were insoluble in all organic 
solvents so, the 1H-NMR spectrum data of nickel complex 
was recorded only in DMSO-d6 solvent and showed multi 
signals to aromatic protons at chemical shift δ = 7.63– 
7.79 ppm. The signal at δ = 2.89 ppm due to the protons 
of the amine groups was a little affected when compared 
with the selenazone ligand spectrum. This result confirms 
their participation in coordinating with nickel ions. The 
chemical shifts of all the carbon atoms for selenazone 
ligand and Ni complex spectra were measured and listed 
in Table 4. 

Moreover, the numbering of all the carbon atoms 
was employed, as shown in Fig. 5. As a result, the  
13C-NMR spectrum of  nickel complex  showed a signal at  

Table 4. Chemical shifts of selenazone ligand and nickel 
complex in 13C-NMR spectra 

Carbon atoms 
Chemical shift (ppm) 
Z ZNi 

C1 - 168.76 
C2,2

, 130.28 130.77 
C3,3

, 113 126.78 
C4,4

, 129.86 134.56 
C5 119 126.78 
C6,6

, 114 126.78 
C7,7

,
,7

,, 129.72 133.27 

Se

1N
H

H
N2

3
4

5

4
, 3

,

N
N

2
,

6
7

7
,

7,,
6

,

 
Fig 5. the numbering of carbon atoms of selenazone 
ligand 

δ = 168.76 ppm attributed to the direct contact of carbon 
atom (C1) with the selenium atom. On the other hand, 
the carbon atom (C2,2

,) signal in the phenyl ring directly 
connected with the nitrogen atom was observed at δ = 
130.77 ppm. Thus, the signal was relatively affected in 
the spectrum of the nickel complex that confirms the 
sharing of the amine and azo groups in coordination 
towards nickel ion [24]. The results of the 1H and 13C-
NMR spectra of selenazone and nickel complex are 
depicted in Fig. 6 and 7. 

Thermal Analyses of Complexes 

Thermogravimetric analysis is a useful technique 
that provides more information about the configuration 
of the structure of organic and inorganic compounds, 
leading to the diagnosis of these compounds. In addition, 
the analysis can assist in studying important parameters 
such as the thermal stability of the compound, water 
molecules (lattice or coordinated), decomposition 
mechanism of compounds, and determine the quality 
and quantity of residual amount [24-25]. Thermal 
analyses such as thermogravimetric (TG) and differential  
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Fig 6. 1H-NMR of selenazone ligand (Z) 

 
Fig 7. 1H-NMR of nickel complex ZNi 

 
thermal analyses (DTA) were recorded in the thermal 
range from room temperature to 1200 °C under nitrogen 
gas flow and heating rate of 10 °C/min. 

Lead complex (ZPb): The lead complex's thermal 
analysis curve (TG/DTA) showed four decomposition 
steps. The first is represented as two degradation steps, 
combined in the extent of 20–255 °C (DTAmax 224 °C) 
with a weight loss ratio of 3.28% (theoretical 3.66%), 
consistent with the loss of three molecules of water (one 
molecule of lattice water and two molecules of 
coordinated water) [10,24]. The following steps 
considered a degradation of the selenazone ligand, and 

the residual product at 975 °C is 15.02% (theoretical 
15.16%) due to PbO. 

Cadmium complex (ZCd): Three degradation 
steps were revealed and showed endo-exothermic peaks 
indicating a change in the phases [25]. The first 
decomposition stage showed an endothermic peak at 
102 °C, referring to the loss of one molecule of lattice 
water in the range of 30–155 °C (DTAmax 100 °C) with a 
weight loss ratio of 1.028% (theoretical 1.3%). The second 
stage also exhibited an endothermic peak at 230 °C in the 
DTA curve by decomposition range of 160–255 °C 
(DTAmax 230 °C) with a weight loss ratio of 2.031% 
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(theoretical 2.64%), attributed to the loss of two molecules 
of coordinated water. The final steps refer to ligand 
decomposition, where the remaining product at 565 °C 
was11.61% (theoretical 11.93%), attributed to cadmium 
oxide CdO polluted with three carbon atoms [10,18,26-
27]. 

Cobalt complex (ZCo): The decomposition of the 
cobalt complex is revealed by five degradation steps. The 
first step was at the extent of 30–120 °C (DTAmax 75 °C) 
with a weight loss ratio of 1.86% (theoretical 2.02%), 
which was appropriate with the loss of 1.5 molecules of 
lattice water. Additionally, two molecules of coordinated 
water with cobalt ion were lost in the range of 125–250 °C 
(DTAmax 216 °C) that corresponding with a ratio of 2.71% 
(theoretical 2.75%). Finally, the molecules of selenazone 
ligand were unstable and destroyed with the increasing 
temperature. Hence, the remaining amount at 980 °C was 
identified as cobalt oxide with a constant weight ratio of 
5.75% (theoretical 5.62%). 

Nickel complex (ZNi): Five degradation steps for 
completing the nickel complex. The first step begins in the 
range of 30–110 °C (DTAmax 90 °C) with a weight loss ratio 
of 5.50% (theoretical 5.54%), consistent with the loss of 
4.5 molecules of lattice water. The second step was 
recorded in the range 115–190 °C (DTAmax 175 °C) that 
attributed to the loss of two molecules of coordinated 
water and one molecule of HCl this convenient with a lost 
weight of 5.49% (theoretical 5.25%). Finally, the residual 
amount after the last step at 690 °C was suitable with 
4.99% (theoretical 5.12%) due to nickel oxide NiO. 
Accordingly, the spectroscopic and thermal results 

confirmed the octahedral geometry structure in all 
complexes as proposed in Fig. 8. 

Calculation of Kinetic and Thermodynamic 
Parameters 

The thermal dehydration and degradation of 
complexes were studied kinetically utilizing three kinetic 
models such as Coast-Redfern, Broido, and Horowitz-
Metzger [26-28]. The thermodynamic activation 
parameters of degradation process and dehydration of 
complexes such as reaction orders (n), activation energy 
(E), pre-exponential factors (A), enthalpy of activation 
(∆H), the entropy of activation (∆S), and Gibbs free 
energy change of the degradation (∆G) were computed 
graphically from TG/DTA data by employing three 
kinetic models and comparing them. The kinetic models 
relations are explained in the following forms: 
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where Wf, Wt, Wo are weight loss at the final step, weight 
loss at temperature (°C) and initial weight, respectively. 
The terms E, R, A, and θ represent the activation energy, 
gas constant, pre-exponential factor, and heating rate  
(10 °C min–1), respectively. Moreover, the terms Y and θ  
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Fig 8. Suggested structure of selenazone complexes 
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Table 5. Thermodynamic parameters using Coats-Redfern relation 

Complex Step 
A 

(S–1) 
E 

(KJ mol–1) 
ΔH 

(KJ mol–1) 
ΔS 

(KJ mol–1 K–1) 
ΔG 

(KJ mol–1) 
r 

ZPb 

1st 23.66 × 10–3 13.567 9.634 -0.279 142.014 0.960 
2nd 1.47 × 105 108.724 102.755 -0.153 212.782 0.989 
3rd 1.04 × 1014 267.774 261.015 0.015 248.726 0.957 
4th 1.22 × 102 110.611 101.815 -0.215 329.787 0.969 

ZCd 
1st 2.8307 23.837 20.736 -0.238 109.555 0.926 
2nd 1.387 × 107 90.929 86.831 -0.112 142.227 0.985 
3rd 4.735 × 103 93.405 87.019 -0.182 227.115 0.976 

ZCo 

1st 20.2979 27.425 24.532 -0.221 101.497 0.987 
2nd 1.025 × 103 53.046 48.988 -0.191 142.376 0.987 
3rd 2.11 × 102 643.365 636.938 -0.208 797.975 0.905 
4th 1.67 × 1015 299.292 291.868 0.0373 258.478 0.993 
5th 2.057 × 102 122.573 112.363 -0.212 373.182 0.894 

ZNi 

1st 2.524 × 105 52.968 50.0338 -0.142 100.475 0.964 
2nd 1.21 × 108 89.112 85.388 -0.093 127.291 0.991 
3rd 95.21 × 10–2 30.263 25.873 -0.250 157.910 0.895 
4th 7.989 × 107 142.96 137.156 -0.100 207.444 0.953 
5th 4.368 × 106 156.621 149.654 -0.126 255.562 0.941 

 
Table 6. Thermodynamic parameters using Broido 
relation 

Complex Step 
E 

(KJ mol–1) 
ΔH 

(KJ mol–1) 
r 

ZPb 

1st 14.815 10.882 0.995 
2nd 104.571 98.602 0.990 
3rd 185.99 179.230 0.866 
4th 111.248 102.451 0.929 

ZCd 
1st 21.040 17.939 0.882 
2nd 72.597 68.498 0.935 
3rd 97.420 91.034 0.989 

ZCo 

1st 20.661 17.768 0.984 
2nd 46.216 42.159 0.973 
3rd 702.927 697.148 0.952 
4th 249.898 242.474 0.965 
5th 123.132 112.923 0.895 

ZNi 

1st 40.710 37.776 0.972 
2nd 77.978 74.253 0.975 
3rd 15.175 10.785 0.756 
4th 116.619 110.816 0.891 
5th 151.873 144.906 0.908 

in Broido and Horowitz-Metzger relations refer to (Wt – 
W∞)/(Wo – W∞) and  T – Ts, respectively [29-30]. In the 

current work, the degradation steps in all the complexes 
were consistent with the first order reaction in all the 
degradation steps. The correlation coefficient (r) was 
calculated by utilizing the least square method through 
plotting the left side of each relation against 1000/T in 
the Coast-Redfern and Broido relations while in the 
Horowitz-Metzger relation by plotting against θ [27-30]. 
The thermo-kinetic results using the three models of 
kinetic equations were summarized in Table 5-7. The 
positive values of ∆G refer to nonspontaneous reactions 
in all decomposition steps of complexes. The change of 
enthalpy (∆H) recorded positive values that refer to the 
endothermic nature of all the decomposition steps. The 
increase of activation energy values refers to an increase 
in thermal stability. On the other hand, the negative 
values of entropy indicate that decomposition reactions 
in the complexes occurred at a very low rate [10,24,27]. 
The correlation coefficient (r) and activation energy 
demonstrated the highest values in the Coast-Redfern 
method compared with Broido and Horowitz-Metzger 
methods. The first decomposition step of the lead 
complex in three kinetic models is shown in Fig. 9. 
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Table 7. Thermodynamic parameters using Horowitz-Metzger relation 

Complex Step 
A 

(S–1) 
E 

(KJ mol–1) 
ΔH 

(KJ mol–1) 
ΔS 

(KJ mol–1 K–1) 
ΔG 

(KJ mol–1) 
r 

ZPb 

1st 0.108 20.278 16.346 -0.267 142.738 0.989 
2nd 0.282 123.820 117.850 -0.262 306.478 0.968 
3rd 0.304 171.744 164.985 -0.263 378.910 0.851 
4th 0.115 109.154 100.358 -0.273 389.574 0.884 

ZCd 
1st 0.186 21.734 18.633 -0.260 115.885 0.833 
2nd 0.368 75.903 71.805 -0.257 198.696 0.911 
3rd 0.257 128.611 122.226 -0.264 325.033 0.987 

ZCo 

1st 0.264 26.905 24.012 -0.257 113.533 0.967 
2nd 0.258 51.933 47.876 -0.260 174.873 0.950 
3rd 0.197 99.724 93.298 -0.266 299.155 0.964 
4th 0.385 265.166 257.742 -0.261 491.660 0.951 
5th 0.121 154.310 144.100 -0.274 480.844 0.864 

ZNi 

1st 0.411 43.273 40.338 -0.253 129.893 0.963 
2nd 0.505 86.286 82.561 -0.253 196.340 0.962 
3rd 0.054 12.592 8.202 -0.273 152.822 0.725 
4th 0.281 116.329 110.526 -0.262 293.766 0.866 
5th 0.239 142.522 135.555 -0.265 357.957 0.871 

 
Fig 9. The first decomposition step of lead complex in three kinetic models as (a) Coats-Redfern (b) Broido and (c) 
Horowitz–Metzger 
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■ CONCLUSION 

Selenazone ligand was synthesized (by replacing the 
sulfur atom in the dithizone molecule to the selenium 
atom), and their complexes were prepared with divalent 
ions (Pb2+, Cd2+, Co2+, and Ni2+) in methanolic solution. 
The results obtained from XRD and SEM measurements 
indicating the preparation of nanoparticles for selenazone 
ligand. The thermal study was used to suggest the 
geometric structure of the complexes. The kinetic-
thermodynamic parameters were computed using three 
kinetic models (Coast-Redfern, Broido, and Horowitz-
Metzger). The Coast-Redfern model has better fit and 
more accurate for computing the kinetic-thermodynamic 
parameters in all the decomposition steps of the 
complexes. The nickel complex demonstrated the highest 
value of activation energy and has more thermal stability 
when compared with other complexes. The thermal 
stability of the complexes was in the following order: ZNi 
> ZCo > ZCd > ZPb. 
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