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ABSTRACT

In this work, a new Azo-Schiff base complex of Pd(Il) ion prepared by Template method.
The prepared metal complex characterized by analytical techniques viz., FT-IR, XRD, UV-visible,
CHN elemental. The FT-IR spectra regions of the (M-O), (M-N) and (N=N) vibration stretching
bonds indicate the coordination form of NPs prepared complex, while the XRD data allowed to
calculate the mean crystallite size this NPs complex that equals to 26.4 nm. The analytical data
demonstrated that the ratio of metal ion to ligand in this prepared complex is 1:2 with Octahedral
structure. The maximum photo-decolonization efficiency of 7 ppm for Pd(Il) complex in NiC0,04
suspension solution under UV-A light found to be 96.87% with half time 7.941min. The impact
rising temperature on photo-decolonization process of this complex was enhanced the positive value
of enthalpy. The negative activation energy value of this photoreaction may be attitude to happen
several steps on NiCo,0, surface leads to low positive value before happened the high negative
value via series of chain reactions. On the other hand, the photo decolonization process for this
complex is fast, less random and non-spontaneous.

Keywords: Template method, Schiff bases; azo compounds; chelating complex, UV-A light;
NiCOzO4_
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1. Introduction

zo-Schiff base compounds represent a novel category of chemical entities garnering

heightened interest in scientific research. These organic compounds are notable for

possessing two functional groups in their structures: (CH=N) and (N=N). These
significant compounds can interact with various metal ions to form coordinated complexes [1], due
to the possession of a variety of substituents with distinct electron-donating and/or electron-
withdrawing groups, resulting in intriguing chemical characteristics[2—4]. Azo dyes have
exceptional optical transmission among organic photoactive substances [5]. Palladium Schiff bases
have significant reactivity and selectivity, leading to their development in recent years [6]. The
reciprocal influence of both groups provided personnel engaged in spectroscopic investigations with
considerable interpretative flexibility [7-9]. Conducting experiments related to photo-organic
sensitization and devising innovative storage system designs was a seldom traversed avenue [10].
These ligands and their complexes with transition metals have proliferated significantly, including a
vast array of organometallic compounds and a varied spectrum of bioinorganic chemistry, due to
the presence of heteroatoms such as O, N, P, S, and heavy metals [11]. Schiff base ligands were
investigated for their diverse biological activities due to the azomethine linkage, enabling various
applications such as antibacterial, antifungal, and analytical functions [12-14]. Conversely, metal
complexes containing nitrogen and oxygen as donor Schiff bases attract particular attention because
to their potential for atypical geometries [15]. There are many benefits and importance for photo-
catalytic process which are, the brilliant efficiency, little by product, affordability and can be
consider as environmentally friendly process, the degradation process by photo-catalysis need
photo-catalyst to remove any pollutant under the radiation of light [16, 17]. Palladium nanoparticles
are significant among metal nanoparticles due to their versatile catalytic properties in several
processes. Recently, several modifications have been developed for the encapsulation of palladium
catalytic species within the porosity of mesopores [18, 19]. Because of Palladium ions have good
ability to give strong complexes with both organic and inorganic ligands, that cause a high potential
to impact on pollutant equilibrium during interact it with its functional groups, this technique
provides an opportunity for developing novel hybrid inorganic-organic encapsulating agent for Pd
NPs and effective catalysts for many reaction types, including photo-catalytic and redox processes

[20]. Herein, the aim of this work focuses on synthesizing complex palladium nanoparticles and
Copyright © 2025.

IRROI

Academic Scientific Journals



Al-Zahraa Journal for Health and Medlical Sciences 2025; 3:36-55 CVL 'U‘_ [‘_\_[ IR 1 \_ o
UNIVERSITY JOURNAL
Health and Medical Science

38

then studying their properties, including electronic spectra., UV-Vis, FT-IR and X-ray diffraction
analysis. The photo-decolorization of Schiff base complex NPs for palladium will estimate via
NiCo,04 UV-A system with different complex concentrations and temperature. The kinetic and
thermodynamics functions for this complex will investigate. Furthermore, the hybrid organic-
inorganic nature of these encapsulating systems allows for precise tuning of the nanoparticle’s
electronic environment, which can significantly improve selectivity in asymmetric catalysis and

photocatalytic degradation reactions.

2. Experimental

2. 1. Materials and Reagents

All the chemicals and solvents for the prepared compound were of analytical grade. The ethanol,
glacial acetic acid and other solvents used were of high purity and supplied by BDH. 1,3-dimethyl
pyrazole, salicylaldehyde, 1,3-dibromo propane and metals salt Pd(NOj3), was supplied by BDH and
Sigma-Aldrich. A Euro EA Elemental Analyzer was used to perform CHN elemental analysis on
the ligand and complexes. The ligand and complexes' infrared spectra were captured using a
Shimadzu Corporation 8000S Fourier transform-infrared (FT-IR) spectrometer with a KBr disk in
the frequency range of (4000-400) cm™. All electronic spectra of the prepared compounds have
been recorded in the region of (200-1100) nm using a Shimadzu UV-240 UV-visible recorder
spectrometer using dimethylformamide (DMF) as a solvent at the concentration of (1x107%) M
Because it has low absorption in the spectral range required to prepare this complex, and also does
not participate in coordination with the palladium ion, unlike other solvents alternative solvents
such as DMSO and other solvents. A magnetic Susceptibility Balance-MSBMKI was used to
determine the complexes' magnetic susceptibilities at room temperature. Molar conductivity was
assessed utilizing a Jen way Ltd-4071 Digital conductivity meter employing DMF as a solvent at
the concentration of (1x10°) M which is a suitable medium for conductivity measurements. The
melting points were determined utilizing a Stuart melting point apparatus. The ligand synthesis is

illustrated in Schemel.

2. 2. Preparation of Ligand
The ligand was prepared by coupling reaction of diazonium salt with appropriate amount of
salicyladehyde as coupling component in alkaline solution. [21, 22] A diazonium solution was
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prepared at 1:1 mole ratio (to ensure high efficiency of this salt formation, minimize side reactions
such as oxidation, and achieve high yield and purity of the desired azo ligand) by dissolving (0.5 g,
0.2 mol) of 4-amino-1,3-dimethyl pyrazole in 25mL distilled water with 5SmL of concentrated HCI
with continuous shaking [22, 23]. To this mixture a solution of (2.5 g, 0.2 mol) of sodium nitrate in
25 mL of distilled water was added drop wise to the Diazonium solution with shaking and stirring
to complete the aromatic amine Azotization process [24, 25]. At (0-5) °C, and left to stand (30 min).
This diazonium solution was added drop wise to (1mol) of the salicyladehyde dissolved in (30 mL)
of ethanol and (50 mL) of (2N) sodium hydroxide at (0-5) °C that is to increase yield by increasing
diazonium stabilization and reducing loss of them at high temperatures above 5 °C, and to increase
the purity of the azo bond in the ligand by reducing side reactions and decomposition, making the
reaction more selective and efficient. A drop by a drop was observed to change the color. The azo
compound (azo dye) was neutralized by adding drops of dilute HCI until reached to the acidic
function pH~ 7 [26-29]. After that, the mixture was allowed to stand overnight and then the
solution was filtered off. The precipitate produced was washed with distilled water, and then dried
in oven at 40 °C for 1 hours. Finally obtained product was re-crystallized from ethanol and dried.

The steps of synthesis ligand are shown in Scheme 1.
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Schemel. The synthesis of the Azo ligand
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2. 3. Preparation of Pd-complex NPs.

The new azo-Schiff base complex was prepared by dissolving (2 mol) of pure azo dye dissolved in
absolute alcohol (50 mL), then mixing it with (1 mol) (ethylenediamine) dissolved in absolute
alcohol with (1 mol) 1,3-dibromo propane. Next, a suitable volume of ethanol solution of palladium
salt Pd(NO3), was added in a ratio of 2:1:1:1, (L: ethylene diamine,1,3-dibromo propane: Metal
salt).

2. 3. Preparation of Pd-complex NPs.

The new azo-Schiff base complex was prepared by dissolving (2 mol) of pure azo dye dissolved in
absolute alcohol (50 mL), then mixing it with (1 mol) (ethylenediamine) dissolved in absolute
alcohol with (1 mol) 1,3-dibromo propane. Next, a suitable volume of ethanol solution of palladium
salt Pd(NO3), was added in a ratio of 2:1:1:1, (L: ethylene diamine,1,3-dibromo propane: Metal
salt) using the template method, this ratio was applied to ensure the formation of a square-planar of
palladium(Il) complex, which is the appropriate coordination for the palladium(Il) ion, then were
added few drops of glacial acetic acid. This mixture was refluxed for lhour. The progress of the
reaction was followed by TLC. The reaction mixture was cool down to room temperature then the
solid recrystallized to give dark brown solid; The steps of the synthesis of the complex is shown in
Scheme 2. then were added few drops of glacial acetic acid (works by dissolving organic
intermediates and coordination materials, which helps to obtain a more homogeneous medium and
improves the reaction kinetics). This mixture was refluxed for 1hour. The progress of the reaction
was followed by TLC. [30-32] The reaction mixture was cool down to room temperature then the

solid recrystallized to give dark brown solid; The steps of the synthesis of the complex is shown in

Scheme 2.
/CL BON"
CH HC - /N'—
N
H2N NHg
Scheme2. The synthesis of the Pd-complex NPs
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2. 4. Method of Photo-Decolorization

Photo-catalytic decolorization reactions of the Pd-complex NPs with NiCo,0, were conducted
using a homemade photoreactor, as illustrated in Figure 1. The samples were mixed without
illumination for 30 minutes, followed by exposure to UV-A light (250 W) for a series of successive
intervals [33, 34]. A UV-Vis spectrophotometer set at 417 nm was used to measure the absorbance
of the residue complex in solution. Fixed K,p, rate. The PDE% photo-decolorization efficiency was

calculated according to equations 1 and 2, which were approved in references [35].

Co
In (C—t) = Kapp -t ... (1)
Co
PED % = In (C—t) x 100 ©)
where the initial concentration of Pd-complex NPs in dark reaction at Omin of illumination is C,

and the concentration of Pd(11) compound at the time of illumination (t) is C;. See Figure 1.

W uv Lamp

-

NiC0204

\ ~ ~ /
N el 1>
\ )

=

Figure 1: Decolorization of Pd-complex NPs by using A homemade photoreactor

Azo-Schiff Pd(IT) complex

Colorless solution

3. Results and Discussion

The azo-azomethine ligand was deep green crystal, but the prepared complexes of this ligand vary
in color from green to deep brown. The solid complexes exhibit stability at room temperature and
demonstrate solubility in acetone, DMF, and DMSO, while remaining insoluble in water. The
elemental analyses and metal content data are summarized in Table 1, demonstrating good

agreement with the proposed formula for both the ligand and the complex.
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3. 1. Physical Properties and Elemental Analysis of azo Schiff base ligand (H.L) and Pd-
complex NPs

The physical parameters and CHN elemental analysis are presented in Table 1, where the final
results for the ligand and its compounds coincides closely with what was theoretically computed for
the proposed formulas. The physical characteristics, namely the melting point and color, of the azo
Schiff base ligand (H,L) and Pd-complex NPs indicate a color variation between the ligand and the
produced complexes.

Table 1. Melting point, Yield percentage and elemental analysis and for the ligand (H,L) and
Pd-complex NPs.

Elemental analysis, %
MP, Color Yield Iylv(\)/leeicwta
C% H% N% K % ght.
Compounds g/mole
Cal. | Found | Cal. | Found | Cal. | Found
Azo-Schiff (L) | 59.1 | 59.3 | 495 | 489 |2294| 2276 | 240k ;)rigr‘] 60% | 244.10
Azo Schiff Dark
complex 63.70 63.21 5.88 5.68 2476 | 24.78 278k brown 50% 565.65

3. 2. FT-IR Spectroscopic Investigations

The FT-IR spectra that represented in figures (2 and 3) explain the basic bands for azo ligand and
Pd-complex NPs, respectively. New bands at (457-408) cm™ in the Pd-complex spectrum are
assigned to v(Pd-O) stretching vibrations, confirming oxygen coordination from the Schiff base
moiety. [36—41] While, the other band gave a strong red shift in the spectrum of v(N=N) to 1452
cm™ with presence v(M-C=N) band at 1598 cm™, this confirms the coordinate the azo ligand with
Pd(11), despite of the blue shift band of v(C=N) to 1678 cm™, which attitude to the stability with
resonance inside the aromatic ring , this indicate the linkage and the chelate coordinate from this
Pd-complex NPs [42—44].

Table 2. The FT-IR data for Schiff base ligand (L) and Pd-complex NPs (cm™).

v(C -H) | o(C -H) i v(C=0) v(C=N) . v(C=C) _ v(M-O)
Compound aliphatic [aromatic V(0-H) imd shf. V(M-C=N) Ar VIN=N) | v(COC) Pd-O
Azo (L) 2939 3070w | 3402br 1643 1643m - 1593 1583 m - -
AZ0 SChiff | »a57 | 2980 - - 1678m 1508 1379 | 1452 1246 | 457w
complex
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Figure 2. FT-IR spectrum of Azo ligand.
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Figure 3. FT-IR spectrum of Pd-complex NPs.

3. 3. Electronic Spectra

Based on figure 4, the (m—n*) transition was represented by the first absorption band at 222 nm in
the Azo ligand's electronic spectrum, whereas the (n—=*) transition was represented by the second
band at 326 nm [42].

Copyright © 2025.

IRROI

Academic Scientific Journals



Al-Zahraa Journal for Health and Medical Sciences 2025; 3:36-55

44

(o) ALZAIRAA
UNIVERSITY JOURNAL

Health and Medical Science

1.800 T T T T

1.500 -

[y |

1.000 —
B
=

0.500 -

0.000 1 L 1 |

10000 404000 G000 E00.00 100,00
(114) 8

1100.00

Figure 4. UV-Vis spectrum for azo ligand

A square planar geometry around the Pd (1) ion is indicated by the two peaks in the spectrum of the

Azo Schiff complex illustrates in Figure 5, the ligand field transition caused the first high-intensity

peak at 249 nm, while the charge transfer transition caused the second peak at 357 nm. The

electronic transition for the complex causes the third peak at 395 nm.
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Figure 5. UV-Vis spectrum for Pd-complex NPs.
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3. 4. Powder X-ray Diffraction Pattern

The XRD pattern for Pd(11) complex shown in Figure 6. The crystalline structure of the Schiff base
complex of pd(Il) were measured with the XRD analysis at room temperature. As illustrated in
(Figure 5), the XRD pattern exhibited shifted reflection peaks at 26 = 10.7°, 18.4°, 19.5°, 26.3",
27.7° and 33.1°, that are specified to the (011), (102), and (200) to palladium-Schiff base [45-48],
and at 20 = 47.1° corresponding for metallic palladium which matching to (200) lattice plane
[49].The mean crystallite size for Pd(Il) complex NPs was calculated using the Scherer's equation
and found to be equal 26.4 nm. This value proved the prepared complex is monoclinic plane [50,
51].
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Figure 6. XRD pattern for Pd-complex NPs

4. Photo-decolorization reaction of Pd-complex NPs.
The effect of the concentration of Pd-complex NPs in the decolorization process under NiCo,04/
UV-A light shows in (Figure 7), that illustrates the steady rate and efficiency ratio of photo-
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decolorization progressively increasing as the concentration of Pd(Il) compound increases from 5
ppm to 7 ppm. By increasing the number of intermediates in the solution, this behavior seeks to
increase the rate and efficiency of the studied photoreaction while cutting its duration in half [52,
53].The peak efficiency of this photochemical reaction is observed at 7ppm, achieving a value of
96.8% after 27 minutes. Table 3 displays the minimal half-time, which was determined using
Equation 3 [52] and is equivalent to 8.994 minutes for a 7 ppm Pd(I) compound. However, when
concentrations are increased from 10ppm to 15ppm, acted as a “screen” leading to decrease the
efficiency and the half-time increases from 85.821% to 68.468% and 13.535 minutes to 16.951
minutes, respectively, because less UV-A light reaches the solution. The hydroxyl radical then

limits the so-called screen effect [52, 54].

0.693 (4)

t =
1/2 Kapp.

Table 3. The adsorption function results of Pd-complex NPs with NiCo,04/UV-A light.

Pd-complex NPs Conc./ppm PDE% Half time Apparent rate constant
ta2/ min k app./ min-1
5 91.589 8.994 0.077051368
7 96.87 7.941 0.087268606
10 85.821 13.535 0.051200591
15 68.468 16.951 0.040882544
- PDE%
= k app./ min-1
100 T
- = 0.09
95 -
90 : - 0.08
0 85 ; - - 0.07 ‘é
ﬁ 80 - 0.06 ﬁ:
X
75 - -
- 0.05
70
= - 0.04
65 T T T T T
4 6 8 10 12 14 16
Pd (I1) Complex Conc./ppm

Figure 7. The kapp and PED% of photoreaction of Pd-complex NPs with NiC0,0,.
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5. Temperature-dependent decolorization mechanism for Pd-complex NPs.
An increase in the temperature of the Pd-complex NPs solution, within the range of 283.15 K to
296.15 K, improves the decolorization process in the NiCo,04/ UV-A system, as shown in Figure 7
[55].
_Ea

lnkapp = RT +InA (5)

Kappy _ —AH? kg As#
Where: R is the gas constant, T : temperature, Kap, : apparent rate constant of Pd-complex NPs

(min™), A : frequency constant , kg : Boltzmann constant and h : Plank constant.

3.4 - vﬂ;jﬁg;-sg-gﬁﬂﬁ 905 - y=2.0339x - 16.279
-3.45 - - 91 - RZ=0.8872
35 - -9.15 A
| —~ 92 -
$
= 365 - g2
£ -5—9.35 .
-3.7 - = 94 -
3,75 - 045 -
3.8 - 9.5 1
385 -9.55

33 335 34 345 35 355 3.3 335 34 345 35 35
1000/T 1000/T

a b
Figure 8. The photoreactgo?q of the Pd-complex NPs in a NiCozo4/UV-,& ?ight system at different

temperatures ranging from (283.15-296.15) K is illustrated by: (a)Arrhenius equation (b) Eyring -

Polanyi equation.
The activation energy (E,) and the thermodynamic parameters, AH”, AS*, and AG®, were

determined using Gibbs equation that shown below- [56]: |

AG* = AH* — TAS# o (D)
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Table 4. Decolorization of Pd-complex NPs in a NiCo,04/UV-A light system with kinetic and
thermodynamic activation factors.

Ea kJ mol? AH” kJ mol™ AS* kI mol? K* AG75g515 kJ mol™
-14.495 16.909 -0.004 18.297

Table 4 indicates that the low activation energy value supports the conclusion that the
decolorization reaction for the Pd-complex NPs in the NiCo,04/ UV-A light system will take place
in several steps, one of which may be exothermic, before converting at very low positive activation
energy through several of chain reactions [17, 55]. The endothermic and non-spontaneous nature of
the photo decolorization reaction for Pd-complex NPs is indicated by the positive values of AH” and
AG", that result from increasing the transition state between Pd-complex NPs molecules and the
chemical intermediates, namely hydroxyl radicals [57]. Moreover, the negative value of AS”
signifies that the resultant complex is unstable, displaying higher order than the Pd-complex NPs

molecule and experiencing rapid degradation [58, 59].

6. Conclusions

The research study involved the synthesized of Azo-Schiff base complex with Pd(I1) ion molar ratio
of (2:1), it proved synthesized using U.V-Vis spectra, FT-IR spectra, and CHN analysis, The
Photocatalytic decolorization of synthesized Pd-complex NPs solutions were executed in the
NiCo,04/ UV-A light system was applied inside of a photo reactor. The best results of Pd-complex
NPs solutions decolorization demonstrated significant effectiveness at (7 ppm) in color removal.
The Arrhenius equation and the Eyring-Polanyi equation demonstrated a strong linear fit for the
decolorization experiments conducted within the temperature range of 283.15 to 296.15K
indicating that this reaction is endothermic and non-spontaneous. Furthermore, this photoreaction is

pseudo-first order based on the constructed Pd-complex NPs structure.

Acknowledgments
The authors wish to thank -the College of Science staff at the University of kerbala in supporting

this work in their laboratories.

Copyright © 2025.

IRROI

Academic Scientific Journals



(o) ALZAIRAA
Al-Zahraa Journal for Health and Medical Sciences 2025; 3:36-55 \gj UNIVERSITY ]0[ RNAL

Health and Medical Science

49

Reference

[1] Menati,S., Azadbakht,R., Rudbari,H.A. and Bruno,G. (2021) "Synthesis and characterization of
four new azo-Schiff base and their nickel(ll) complexes”., Polyhedron, 205.
https://doi.org/10.1016/j.poly.2021.115296.

[2] Wang,X., Li,Z., Zhao,H. and Chen,S. (2020) "New azobenzene liquid crystal with
dihydropyrazole heterocycle and photoisomerization studies”, Royal Society Open Science, 7.
https://doi.org/10.1098/rs0s.200474.

[3] Skacej,G., Querciagrossa,L. and Zannoni,C. (2023) "On the Effects of Different trans and cis

Populations in Azobenzene Liquid Crystal Elastomers: A Monte Carlo Investigation”.,ACS
Applied Polymer Materials, 5. https://doi.org/10.1021/acsapm.3c00361.

[4] Pang,X., Lv,J. an, Zhu,C., Qin,L. and Yu,Y. (2019) "Photodeformable Azobenzene-Containing
Liquid Crystal Polymers and Soft Actuators”. ,Advanced Materials, 31.
https://doi.org/10.1002/adma.201904224.

[5] Dingalp,H., Yavuz,S., Hakli,O., Zafer,C., Ozsoy,C., Durucasu,l. and I¢li, S. (2010) "Optical and
photovoltaic properties of salicylaldimine-based azo ligands". ,Journal of Photochemistry and
Photobiology A: Chemistry, 210. https://doi.org/10.1016/j.jphotochem.2009.12.012.

[6] Sunbil, A.B., Inan,A., Kése,M., Evren,E., Giirbiiz,N., Ozdemir,i., Ikiz,M., Dag A.K. and
Ispir,E. (2020) "Azo-azomethine based palladium(ll) complexes as catalysts for the Suzuki-

Miyaura  cross-coupling  reaction”.  ,Journal of  Molecular  Structure, 1216.
https://doi.org/10.1016/j.molstruc.2020.128279.

[7] Al-Atbi, H.S., Al-Salami,B.K. and Al-Assadi,l.J. (2019) "New azo-azomethine derivative of
sulfanilamide: Synthesis, Characterization, Spectroscopic, Antimicrobial and Antioxidant

activity  study". In  Journal of Physics:  Conference  Series.Vol. 1294,
https://doi.org/10.1088/1742-6596/1294/5/052033.
[8] Helal, T.A., Mohammed,H.J. and Mohsein,H.F. (2018) "Synthesis with spectral investigation of

new azomethine — Azo ligands derived from 4-amino antipyrine with its some complexes”.
,International Journal of Pharmaceutical Research, 10.
https://doi.org/10.31838/ijpr/2018.10.03.026.

[9] Al-Barody, S.M. (2018) "Characterization and Thermal Study of Schiff-Base Monomers and Its
Transition Metal Polychelates and Their Photovoltaic Performance on Dye Sensitized Solar

Cells", Journal of Structural Chemistry, 59. https://doi.org/10.1134/S0022476618010092.
Copyright © 2025.

IRROI

Academic Scientific Journals




Al-Zahraa Journal for Health and Medlical Sciences 2025; 3:36-55 CVL 'U‘_ [‘_\_[ IR 1 \_ o
UNIVERSITY JOURNAL
Health and Medical Science

50

[10] Taha, N.I., Tapabashi,N.O. and EI-Subeyhi,M.N. (2018) "Green Synthesis of New Tetra Schiff
Bases and Bis-Azo Bis-Schiff Bases Derived from 2,6-Diaminopyridine as Promising
Photosensitizers". ,International Journal of Organic Chemistry, 08.
https://doi.org/10.4236/ijoc.2018.83023.

[11] Ali, W.A., Mihsen, H.H. and Guzar,S.H. (2023) "Synthesis, characterization and antibacterial

activity of Sn(ll) and Sn(IV) ions complexes containing n-alkyl-n-phenyl dithiocarbamate

ligands". ,Chemistry and Chemical Technology, 17, 729-739.
https://doi.org/10.23939/chcht17.04.729.

[12] Ali, W.A., Mihsen, H.H. and Guzar,S.H. (2023) "Novel Derivative For Dithiocarbamite
containing a new sulphur-azo linkage and its complexes with Sn(ll), Sn(IV), Co(ll), Ni(Il) And

Cu(ll) ions; synthesis, characterization and antibacterial activity”. ,Al-Bahir Journal for
Engineering and Pure Sciences, 2. https://doi.org/10.55810/2313-0083.1016.
[13] Yeginer, G., Giilcan,M., Isik,S., Uriit,G.O., Ozdemir,S. and Kurtoglu,M. (2017) "Transition

metal (I1) complexes with a novel azo-azomethine schiff base ligand: synthesis, structural and
spectroscopic characterization, thermal properties and biological applications”. ,Journal of
Fluorescence, 27. https://doi.org/10.1007/s10895-017-2166-3.

[14] Asiri, A.M. and Khan, S.A. (2010) "Synthesis and anti-bacterial activities of some novel schiff

bases derived from aminophenazone",Molecules, 15.
https://doi.org/10.3390/molecules15106850.
[15] Al Zoubi,W., Al-Hamdani, A.A.S., Ahmed, S.D. and Ko, Y.G. (2018) "A new azo-Schiff base:

Synthesis, characterization, biological activity and theoretical studies of its complexes".
,Applied Organometallic Chemistry, 32. https://doi.org/10.1002/a0c.3895.
[16] Sardarian, A.R., Kazemnejadi,M. and Esmaeilpour,M. (2019) "Bis-salophen palladium

complex immobilized on Fe;0,@SiO, nanoparticles as a highly active and durable phosphine-
free catalyst for Heck and copper-free Sonogashira coupling reactions”,Dalton Transactions,
48, 3132-3145. https://doi.org/10.1039/c9dt00060g.
http://www.ncbi.nlm.nih.gov/pubmed/30775761
[17] Fakhri, F.H. and Ahmed, L.M. (2019) "Incorporation CdS with ZnS as nanocomposite and
using in photo-decolorization of Congo red dye" ,Indonesian Journal of Chemistry, 19.
https://doi.org/10.22146/ijc.38335.

Copyright © 2025.

IRROI

Academic Scientific Journals



(o) ALZAIRAA
Al-Zahraa Journal for Health and Medical Sciences 2025; 3:36-55 \gj UNIVERSITY ]0[ RNAL

Health and Medical Science

51

[18] Vanti,G. and Kurjogi,M. (2021) "Green nanotechnology: A promising tool for agriculture
disease management”. In Advances in Nano-Fertilizers and Nano-Pesticides in Agriculture.
https://doi.org/10.1016/b978-0-12-820092-6.00021-5.

[19] Doustkhah, E. and Rostamnia,S. (2017) "Palladium Complexes and Nanoparticles

Encapsulated by Functionalized Mesoporous Silica Materials: A Promising Hybrid Catalyst in
Organic Transformations”. In Encapsulated Catalysts. https://doi.org/10.1016/B978-0-12-
803836-9.00009-2.

[20] Khormi, A.Y., Al-Shehri,B.M., Al-Zahrani,F.A.M., Hamdy,M.S., Fouda,A. and Shaaban,M.R.

(2023) "Palladium Nanoparticles Incorporated Fumed Silica as an Efficient Catalyst for

Nitroarenes Reduction via Thermal and Microwave Heating”. ,Catalysts, 13.
https://doi.org/10.3390/catal13020445.
[21] Ispir,E., Ikiz,M., Inan,A., Siinbiil,A.B., Tayhan,S.E., Bilgin,S., K&se,M. and Elmastas, M.

(2019) "Synthesis, structural characterization, electrochemical, photoluminescence,
antiproliferative and antioxidant properties of Co(ll), Cu(ll) and Zn(1l) complexes bearing the
azo-azomethine  ligands".  ,Journal of  Molecular  Structure, 1182, 63-71.
https://doi.org/10.1016/j.molstruc.2019.01.029.

[22] Manimohan, M., Pugalmani,S., Ravichandran,K. and Sithique, M.A. (2020) "Synthesis and
characterisation of novel Cu( Il )-anchored biopolymer complexes as reusable materials for the
photocatalytic degradation of methylene blue”. ,RSC Advances, 10, 18259-18279.
https://doi.org/10.1039/DORA01724H.

[23] Shah, H.U.R., Ahmad, K., Naseem, H.A., Parveen, S., Ashfaqg, M., Aziz,T., Shaheen,S.,
Babras,A. and Shahzad,A. (2021) "Synthetic routes of azo derivatives: A brief overview",
Journal of Molecular Structure, 1244, 131181. https://doi.org/10.1016/j.molstruc.2021.131181.

[24] Sreekumar, N.V., Narayana,B., Hegde,P., Manjunatha,B.R. and Sarojini,B.K. (2003)
"Determination of nitrite by simple diazotization method". ,Microchemical Journal, 74, 27-32.
https://doi.org/10.1016/S0026-265X(02)00093-0.

[25] Abouzayed, F.I., Abouel-Enein,S.A. and Hammad,A.M. (2021) "Synthesis of Some Novel
Nanosized Chelates of Anchoring Bisazo Dye 5-[5-(4,6-Dioxo-2-thioxo-hexahydro-pyrimidin-

5-ylazo)-naphthalen-1-ylazo]-2-mercapto-1 H -pyrimidine-4,6-dione and Their Applications as
Antioxidant and  Antitumor  Agents". LACS Omega, 6, 27737-27754.

https://doi.org/10.1021/acsomega.1c02989.
Copyright © 2025.

IRROI

Academic Scientific Journals




Al-Zahraa Journal for Health and Medlical Sciences 2025; 3:36-55 CVL 'U‘_ [‘_\_[ IR 1 \_ o
UNIVERSITY JOURNAL
Health and Medical Science

52

[26] Chen, X.-C., Tao,T., Wang,Y.-G., Peng,Y.-X., Huang,W. and Qian,H.-F. (2012) "Azo-
hydrazone tautomerism observed from UV-vis spectra by pH control and metal-ion
complexation for two heterocyclic disperse yellow dyes". ,Dalton Transactions, 41, 11107.
https://doi.org/10.1039/c2dt31102;j.

[27] Madkour, L.H., Kaya, S., Guo, L. and Kaya, C. (2018) "Quantum chemical calculations,

molecular dynamic (MD) simulations and experimental studies of using some azo dyes as

corrosion inhibitors for iron. Part 2: Bis—azo dye derivatives". ,Journal of Molecular Structure,
1163, 397-417. https://doi.org/10.1016/j.molstruc.2018.03.013.

[28] Kadry, G. and El-Gawad,H.A. (2024) "Synthesis of Azo Dyes Derived from 4-Nitroaniline for
Textile Coloration and Their Removal from Effluents Using Chemically Modified Sugarcane
Bagasse Adsorbent”. ,Fibers and Polymers, 25, 3853-3873. https://doi.org/10.1007/s12221-
024-00704-3.

[29] Kantar, C., Akal,H., Kaya,B., Islamoglu, F., Turk, M. and Sasmaz, S. (2015) "Novel

phthalocyanines containing resorcinol azo dyes; synthesis, determination of pKa values,

antioxidant, antibacterial and anticancer activity". ,Journal of Organometallic Chemistry, 783,
28-39. https://doi.org/10.1016/j.jorganchem.2014.12.042.

[30] Mohammed, K.F. and Hasan,H.A. (2022) "Synthesis, Chemical and Biological Activity
Studies of Azo-Schiff Base Ligand and Its Metal Complexes"”. ,Chemical Methodologies, 6,
905-913. https://doi.org/10.22034/CHEMM.2022.353591.1584.

[31] Al Zoubi, W., Al-Hamdani, A.A.S., Ahmed, S.D. and Ko, Y.G. (2018) "A new azo-Schiff
base: Synthesis, characterization, biological activity and theoretical studies of its complexes".
,Applied Organometallic Chemistry, 32. https://doi.org/10.1002/a0c.3895.

[32] Bakr, E.A., Atteya, E.H., Al-Hefnawy, G.B., El-Attar, H.G. and El-Gamil, M.M. (2023) "A

novel azo-azomethine benzoxazole-based ligand and its transition metal (II), (III), (IV)
complexes: Synthesis, characterization, theoretical studies, biological evaluation, and catalytic
application”,Applied Organometallic Chemistry, 37. https://doi.org/10.1002/aoc.7042.

[33] Hussain, Z.A., Fakhri,F.H., Alesary,H.F. and Ahmed,L.M. (2020) "ZnO Based Material as
Photocatalyst for Treating the Textile Anthraquinone Derivative Dye (Dispersive Blue 26

Dye): Removal and Photocatalytic Treatment”. In Journal of Physics: Conference Series.Vol.
1664. https://doi.org/10.1088/1742-6596/1664/1/012064.

Copyright © 2025.

IRROI

Academic Scientific Journals



(o) ALZAIRAA
Al-Zahraa Journal for Health and Medical Sciences 2025; 3:36-55 \gj UNIVERSITY ]0[ RNAL

Health and Medical Science

53

[34] Alattar,R.A., Hassan,Z.M., Abass,S.K. and Ahmad,L.M. (2020) "Synthesis, characterization
and study the photodecolorization of Schiff base Fe(Ill) complex in ZnO/Uv-A light system".
In AIP Conference Proceedings.Vol. 2290. https://doi.org/10.1063/5.0027611.

[35] Khudhair Abbas,S., Hassan,Z.M. and Ahmed,L.M. (2019) "Influencing the Artificial UV-A
light on decolorization of Chlorazol black BH Dye via using bulk ZnO Suspensions”. In
Journal of Physics: Conference Series.Vol. 1294. https://doi.org/10.1088/1742-
6596/1294/5/052050.

[36] Khanmohammadi,H. and Darvishpour,M. (2011) "Copper(I1) Complexes of Pyridazine-Based

Azo-azomethine Ligands: Synthesis, Characterization Thermal and Absorption Properties”.
Journal of Inorganic and Organometallic Polymers and Materials, 21, 541-546.
https://doi.org/10.1007/s10904-011-9472-z.

[37] Abass,S.K., Al-Hilfi,J.A., Abbas,S.K. and Ahmed,L.M. (2020) "Preparation, characterization
and study of the photodecolorization of mixed-ligand binuclear Co(ll) complex of schiff base
by ZnO". ,Indonesian Journal of Chemistry, 20. https://doi.org/10.22146/ijc.44192.

[38] Shaygan,S., Pasdar,H., Foroughifar,N., Davallo,M. and Motiee,F. (2018) "Cobalt (II)
complexes with Schiffbase ligands derived from terephthalaldenyde and ortho-substituted

anilines:  Synthesis, characterization and antibacterial activity". ,Applied Sciences
(Switzerland), 8. https://doi.org/10.3390/app8030385.

[39] Kuate,M., Conde,M.A., Nchimi,K.N., Paboudam,A.G., Ntum,S.-J.E. and Ndifon,P.T. (2018)
"Synthesis, Characterization and Antimicrobial Studies of Co(ll), Ni(ll), Cu(ll) and Zn(ll)
Complexes of (E)-2-(4-Dimethylbenzydimino)-Glycylglycine, (Glygly-DAB) a Schiff Base

Derived from 4-Dimethylaminobenzaldehyde and Glycylglycine”. ,International Journal of
Organic Chemistry, 08. https://doi.org/10.4236/ijoc.2018.83022.
[40] Silverstein,R.M., Webster,F.X. and Kiemle,D.J. (2014) "Spectrometric lIdentification of

Organic Compounds" 8th ed. Wiley.

[41] Elsayed,S.A., Elnabky,I.M., Aboelnga,M.M. and El-Hendawy,A.M. (2024) "Palladium(ll),
platinum(ll), and silver(l) complexes with 3-acetylcoumarin benzoylhydrazone Schiff base:
Synthesis, characterization, biomolecular interactions, cytotoxic activity, and computational
studies”. ,RSC Advances, 14, 19512-19527. https://doi.org/10.1039/d4ra02738h.

Copyright © 2025.

IRROI

Academic Scientific Journals



Al-Zahraa Journal for Health and Medical Sciences 2025; 3:36-55 % ALZAHRAA

UNIVERSITY JOURNAL

Health and Medical Science

54

[42] Wankhade,B.B., Bhimrao Suradkar,V., Bharambe,N.S. and Khan,N. (2017) "Synthesis of
some novel azo compounds”. ,WWW.Wjpps.com, 6, 1358.
https://doi.org/10.20959/wjpps20176-9349.

[43] Nakamoto,K. (2008) "Infrared and Raman Spectra of Inorganic and Coordination Compounds™
Wiley.

[44] Prakash,A. and Adhikari,D. "Application of Schiff bases and their metal complexes-A

Review".

[45] Tyagi,K., Gahtori,B., Bathula,S., Jayasimhadri,M., Sharma,S., Singh,N.K., Haranath,D.,
Srivastava,A.K. and Dhar,A. (2015) "Crystal structure and mechanical properties of spark
plasma sintered Cu,Se: An efficient photovoltaic and thermoelectric material”. ,Solid State
Communications, 207. https://doi.org/10.1016/j.ss¢.2015.02.004.

[46] Lee,D.W., Jin,M.H., Lee,Y J., Park,J.H., Lee,C.B. and Park,J.S. (2016) "Reducing-Agent-Free
Instant Synthesis of Carbon-Supported Pd Catalysts in a Green Leidenfrost Droplet Reactor

and Catalytic Activity in Formic Acid Dehydrogenation”. ,Scientific Reports, 6.
https://doi.org/10.1038/srep26474.
[47] Nabihah Muzammil,N., Tajudin Mohd Ali,M., Mohd Tajuddin,A. and Alam,P. (2024)

"Synthesis and characterization of palladium(ll) schiff base complexes derived from

phenylamines and their catalytic activity for stille reaction”, Malaysian Journal of Analytical
Sciences, 28, 2: 335 - 347. http://dx.doi.org/10.4028/www.scientific.net/ AMR.554-556.736.
[48] Hefnawy,M.A., Medany,S.S., Fadlallah,S.A., El-Sherif,R.M. and Hassan,S.S. (2022) "Novel
Self-assembly Pd(I)-Schiff Base Complex Modified Glassy Carbon Electrode for
Electrochemical Detection of Paracetamol". ,Electrocatalysis, 13.
https://doi.org/10.1007/s12678-022-00741-7.
[49] Zingwe, N., Meyer, E. and Mbese, J. (2021) "Evaluating the efficacy of binary palladium alloy

PdO-Pd for use as an electrocatalyst in DSSC counter electrodes”. ,South African Journal of
Chemical Engineering, 37. https://doi.org/10.1016/j.sajce.2021.05.002.

[50] Taresh, B.H., Fakhri, F.H. and Ahmed, L.M. (2022) "Synthesis and Characterization of
CuO/CeO, Nanocomposites and Investigation Their Photocatalytic Activity". ,Journal of
Nanostructures, 12. https://doi.org/10.22052/IJNS.2022.03.009.

[51] Jaafar, M.T., Ahmed, L.M. and Haiwal, R.T. (2023) "Solvent-Free Hydrothermal Synthesis of

Network-Like Graphene Quantum Dots (GQD) Nano Particle and Ultrasonic TiO, /GQD
Copyright © 2025.

IRROI

Academic Scientific Journals




(o) ALZAIRAA
Al-Zahraa Journal for Health and Medical Sciences 2025; 3:36-55 \gj UNIVERSITY ]0[ RNAL

Health and Medical Science

55

Nanocomposite"., Journal of Nanostructures, 13, 626-638.
https://doi.org/10.22052/JNS.2023.03.003.

[52] Dixit, A., Mungray, A.K. and Chakraborty, M. (2010) "Photochemical Oxidation of Phenol
and Chlorophenol by UV/H;0,/TiO, Process: A Kinetic Study". ,International Journal of

Chemical Engineering and Applications, 10.7763/ijcea.2010.v1.42.
https://doi.org/10.7763/ijcea.2010.v1.42.
[53] Fahad, T., Al Radi, K.A.F., Fahad, T.A. and Ali, A.A. (2018) "Synthesis and spectral

characterization of some transition metal complexes of azo-schiff base derivative of

metoclopramide”., Tarek et al. World Journal of Pharmaceutical Research, 7, 17.
https://doi.org/10.20959/wjpr201811-12256.

[54] Byrappa, K., Subramani, A.K., Ananda,S., Lokanatha Rai,K.M., Dinesh,R. and Yoshimura,M.
(2006) "Photocatalytic degradation of rhodamine B dye using hydrothermally synthesized
ZnO". ,Bulletin of Materials Science, 29, 433-438. https://doi.org/10.1007/BF02914073.

[55] Hameed, M.A. and Ahmed, L.M. (2024) "Controllable Cetrimide — Assisted Hydrothermal
Synthesis of MoFe,O, and Coupling with Al,O3 as an Effective Photocatalyst for

Decolorization of Indigo Carmine Dye". ,Indonesian Journal of Chemistry, 24.
https://doi.org/10.22146/ijc.86693.

[56] Ahmed, L.M. (2018) "Photo-decolourization kinetics of acid red 87 dye in ZnO suspension
under different types of UV-A light".,Asian Journal of Chemistry, 30.
https://doi.org/10.14233/ajchem.2018.21520.

[57] Ahmed, L.M., Saaed, S.I. and Marhoon, A.A. (2018) "Effect of oxidation agents on photo-
decolorization of vitamin By, in the presence of ZnO/UV-A system". ,Indonesian Journal of
Chemistry, 18, 272-278. https://doi.org/10.22146/ijc.33470.

[58] Mohamed, M. and Jamal,E. (2012) "A kinetic study of the discoloration of methylene blue by

Na,SOs3, comparison with NaOH". Journal of the University of Chemical Technology and
Metallurgy, 47, 3, 2012, 275-282.

[59] Alattar, R.A., Saleh, H.M., AL-Hilfi, J.A. and Ahmed,L.M. (2020) "Influence the addition of
Fe?* and H,O, on removal and decolorization of textile dye (dispersive yellow 42
dye)".,Egyptian Journal of Chemistry, 63. https://doi.org/10.21608/ejchem.2020.23542.2400.

Copyright © 2025.

IRROI

Academic Scientific Journals



