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ABSTRACT 

This study involves the synthesis, characterization and evaluation of the 
catalytic activity of copper thiosemicarbazone complexes and their copper oxides 
derivatives in the reduction of nitroaromatic compounds. A series of copper complexes 
of thiosemicarbazone ligands have successfully been synthesized, in which six of them 
are copper(I) complexes; 2- acetylpyridine-N(4)-(R)-thiosemicarbazone-tris-
(triphenylphosphine)copper(I) nitrate {R = methoxyphenyl (19), R = methylphenyl 
(20), R = phenyl (21) and pyrrole-2-carboxaldehyde- N(4)-(R)-thiosemicarbazone-
bis(triphenylphosphine)copper(I) nitrate {where R = phenyl (22), R= methoxyphenyl 
(23), R = methylphenyl (24)} and another six copper(II) complexes; 2- acetylpyridine-
N(4)-(R)-thiosemicarbazone-triphenylphosphine-copper(II) chloride; {R = 
methoxyphenyl (25), R = methylphenyl (26), R = phenyl (27)} and pyrrole-2-
carboxaldehyde- N(4)-(R)-thiosemicarbazone-triphenylphosphine-copper(II) chloride 
(R = phenyl (28), R = methoxyphenyl (29), R = methylphenyl (30)}. These complexes 
were characterized using Fourier transform infrared (FTIR), UV-visible (UV-Vis) and 
proton nuclear magnetic resonance (1H-NMR) spectroscopic techniques. Single crystal 
X-ray diffraction analysis on complex 23 showed that the complex adopted a distorted 
tetrahedral geometry, where the central copper(I) ion is bonded to nitrogen and sulphur 
atoms of thiosemicarbazone bidentate ligand and two phosphorus atoms from two 
triphenylphosphine monodentate ligands while a nitrate ion acted as the counter ion. 
Molar conductivity value of the complex indicated a 1:1 electrolytic nature which 
supported the single crystal X-ray diffraction data. The copper complex 23 was 
converted into copper oxide by means of thermal decomposition. Evaluation of the 
catalytic performance of the copper(I) complex and copper oxide in the reduction of 
4- nitrophenol (4-NP) to 4-aminophenol (4-AP) shows that copper oxide has a higher 
catalytic activity (98.7%) compared to the copper(I) complex (78.2%). Optimization 
of the catalyst loading revealed that 1.0 mol% of the catalyst was the most optimized 
amount with the highest conversion (98.7%). Reproducibility and recyclability tests of 
the copper oxide catalyst proved that the catalyst exhibits consistent catalytic 
performances and could be reused four times without a significant decrease. On the 
other hand, the copper(I) complex required a more prolonged reduction time and a 
higher amount of catalyst loading due to its insolubility in an aqueous solution. The 
product from the catalytic reduction, 4-AP was isolated, purified and characterized 
using FTIR and 1H-NMR spectroscopic techniques. The catalytic activity of the copper 
oxide catalyst was also evaluated in the reduction of other nitroaromatic compounds 
with various substituent groups. In these reactions, the copper oxide maintained its 
excellent catalytic activity and showed consistent results. 
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ABSTRAK 

     Kajian ini melibatkan sintesis, pencirian dan penilaian aktiviti pemangkinan 
kompleks kuprum tiosemikarbazon dan terbitan kuprum oksida dalam tindakbalas 
penurunan sebatian aromatik nitro. Satu siri kompleks kuprum dengan ligan 
tiosemikarbazon telah berjaya disintesis, yang terdiri daripada enam kompleks 
kuprum(I); 2-asetilpiridin-N(4)-(R)- tiosemikarbazon-tris-(trifenilfosfin)kuprum(I) 
nitrat {R = metoksifenil (19), R = metilfenil (20), R = fenil (21) dan pirola-2-
karboksialdehid-N(4)-(R)-tiosemikarbazon- bis(trifenilfosfin)kuprum(I) nitrat {R = 
fenil (22), R = metoksifenil (23), R = metilfenil (24) manakala enam lagi kompleks 
kuprum(II); 2-asetilpiridina-N(4)-(R)-tiosemikarbazon- trifenilfosfinkuprum (II) 
klorida; {R = metoksifenil (25), R = metilfenil (26), R = fenil (27) dan pirola-2-
karbokaldehid-N(4)-(R)-tiosemikarbazon-trifenilfosfinkuprum (II) klorida {R = fenil 
(28), R = metoksifenil (29), R = metilfenil (30)}. Kesemua kompleks ini telah dicirikan 
menggunakan teknik spektroskopi inframerah transformasi Fourier (FTIR), 
ultralembayung- nampak (UV-Vis) dan resonans magnetik nuklear proton (1H-NMR). 
Analisis pembelauan sinar-X hablur tunggal kompleks 23 menunjukkan kompleks ini 
mempamerkan geometri tetrahedron terherot, yang mana ion kuprum(I) pusat terikat 
kepada atom nitrogen dan sulfur daripada ligan bidentat tiosemikarbazon dan dua 
fosforus atom daripada dua ligan monodentat trifenilfosfin manakala ion nitrat 
bertindak sebagai ion lawan. Nilai kekonduksian molar kompleks menunjukkan sifat 
elektrolit 1:1 yang menyokong data pembelauan sinar-X hablur tunggal. Kompleks 
kuprum 23 ini telah ditukar menjadi kuprum oksida melalui kaedah penguraian haba. 
Penilaian prestasi pemangkinan kompleks kuprum(I) dan kuprum oksida dalam tindak 
balas penurunan 4-nitrofenol (4-NP) kepada 4-aminofenol (4-AP) menunjukkan 
kuprum oksida mempunyai aktiviti pemangkinan yang lebih tinggi (98.7%) berbanding 
dengan kompleks kuprum (78.2%). Pengoptimuman muatan mangkin menunjukkan 
1.0 mol% mangkin adalah muatan yang paling optimum dengan peratus penukaran 
paling tinggi (98.7%). Ujian kebolehulangan dan kebolehkitaran mangkin kuprum 
oksida ini membuktikan mangkin ini menunjukkan aktiviti pemangkinan yang 
konsisten dan boleh diguna semula sebanyak empat kali tanpa penurunan aktiviti yang 
ketara. Walau bagaimanapun, kompleks kuprum mengambil masa yang lebih lama dan 
muatan mangkin yang lebih banyak disebabkan ketidak larutan di dalam larutan akues. 
Produk daripada tindak balas penurunan ini, 4-AP telah diasingkan, ditulenkan dan 
dicirikan menggunakan teknik spektrokopi FTIR dan 1H-NMR. Aktiviti pemangkinan 
kuprum oksida juga dinilai dalam tindak balas penurunan sebatian aromatik nitro yang lain  
yang  mengandungi  pelbagai  kumpulan  penukarngtia.        Dalam  semua  tindakbalas  
ini, kuprum oksida menunjukkan aktiviti pemangkinan yang sangat baik dan 
keputusan yang konsisten. 
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CHAPTER 1  

                   INTRODUCTION 

1.1 Background of Study 

Schiff base ligands constitute a class of ligands that have attracted many 

researchers, owing to their versatile coordination behaviour and various applications, 

such as in  biological and catalytic activities (Hosseini-Yazdi et al., 2017). Schiff base 

ligands can be prepared from the reaction of amine and corresponding aldehyde or 

ketone, as depicted in Figure 1.1 (Yadav et al., 2015). They are considered a sub-class 

of imines, either secondary ketamine or secondary aldimines, depending on their 

structure (Adekunle et al., 2019).  

 

  
 

Figure 1.1 General route for the formation of Schiff base ligand (R is an alkyl or 
aryl group (not a hydrogen), whilst R1 and R2 may be hydrogen) 

One class of Schiff base compound that has emerged rapidly is 

thiosemicarbazone, as shown in Figure 1.2. Thiosemicarbazone can be prepared from 

the condensation reaction of  thiosemicarbazide and aldehyde or ketone (Scovill et al., 

1982 and Reppert et al., 2016). Thiosemicarbazones have attracted the attention of 

chemists due to the presence of nitrogen and sulphur donor atoms which allows 

coordination between the metal ions in various binding modes (Salam et al., 2012). 

Thiosemicarbazone is an attractive class of metal-chelating agents and offer a 

numerous possibility to easily modify their molecular backbone.  
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Figure 1.2 General structure of thiosemicarbazone (R1, R2, R3, R4 and R5 is an 
alkyl or aryl group or hydrogen) 

Thiosemicarbazones have been widely used due to their coordination 

versatility, in which they can coordinate to metal centres through the nitrogen atoms 

of either azomethine, hydrazine, and sulphur atoms (Bahron et al., 2019). Previous 

studies reported that copper complexes containing thiosemicarbazones ligands have 

been developed for biological studies, such as those shown in Figure 1.3 (Cherchiaro 

and da Costa, 2006). These copper complexes have been intensively studied as 

inducing agents of apoptosis. Despite their advantages in biological applications, 

however the catalytic application of these copper complexes are not well-studied, as 

opposed to other metal complexes, like palladium, rhodium and gold (Ibrahim et al., 

2017 and Zhu et al., 2017). 

 

Figure 1.3 Some reported copper complexes containing thiosemicarbazone 
ligands. (Cherchiaro and da Costa, 2006). 

The reduction of 4-nitrophenol to 4-aminophenol by sodium borohydride is an 

excellent reaction which is used as a model to test the catalytic activity of a catalyst. 
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This reaction can be catalyzed using metal-based compounds, such as metal complexes 

and metal nanoparticles, including gold, silver, platinum, and palladium (Ibrahim et 

al., 2017 and Zhu et al., 2017). Despite the advantages of these metal compounds, 

however some of them are relatively expensive (Gebel, 2000). In contrast, copper 

compounds are relatively cheap and their preparation methods are quite simple and 

straightforward, compared to other metals. (Chavan et al., 2011). In addition to copper 

complexes, copper oxide also exhibits good catalytic properties.  

Surprisingly, there is no reported study involving copper complexes of 

thiosemicarbazone in the reduction of nitroaromatic compounds. Due to this lack of 

information, it is interesting to investigate the catalytic activity of copper complexes 

containing thiosemicarbazone ligands in this reaction. More recently, a study by 

Nordin and co-workers has shown the excellent catalytic performance of copper oxide 

nanoparticles in reducing 4-nitrophenol to 4-aminophenol in the presence of sodium 

borohydride (Nordin and Shamsuddin, 2019). Based on this finding, it would be 

beneficial to convert the copper complexes to copper oxides and test the resulting 

product in the similar reaction. Hopefully, the results obtained from this study can be 

used to evaluate the catalytic activity of copper complexes of thiosemicarbazone 

ligands and their oxide in the reduction of 4-nitrophenol.  

1.2 Problem Statement 

Nitroaromatic compounds and their derivatives, such as 4-nitrophenol (4-NP) 

are one of the common discharge of agricultural wastes, which are toxic and hazardous 

(Henary et al., 1997) . Researchers have described many ways to convert 4-nitrophenol 

into a safer and environmentally friendly compound, such as 4-aminophenol. One of 

the methods that have been reported is the reduction reaction using metal compounds. 

(Al-hassani and Ahmedzeki, 2014) (Magdy et al., 2018). 

 Metal and their derivatives have been widely used in catalysis and organic 

reactions, and some of them involving precious metals, such as ruthenium, rhodium, 

palladium, osmium, iridium, platinum, gold, and silver. (Olszewski et al., 2019). 

However the major drawback is in term of the cost and availability of the metals. 
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(Ahmad et al., 2018). Hence, there is a need to find a cheaper option and more-

abundantly available metal, such as copper and their compounds. Recently, there is a 

report that described the biosynthesis of copper(II) oxide nanoparticles using Murayya 

koeniggi aqueous leaf extract and its catalytic activity in 4- nitrophenol reduction, 

which was cost-effective and efficient (Nordin and Shamsuddin, 2019). 

Based on these findings, copper oxide nanoparticles are good candidates for 

the reduction of 4-nitrophenol, in addition to other metal compounds. It will be 

interesting to study whether copper oxide nanoparticles derived from copper 

complexes can act similarly as what has been described in the previous studies. Copper 

oxide nanoparticles has high catalytic activity due to its small sizes and large surface 

area  (Nasrollahzadeh et al., 2015; Burke et al., 2019). Various methods for preparing 

copper oxide nanoparticles have been reported, such as sonochemical method 

(Angeline Mary et al., 2019), pyrolysis (Li et al., 2019), sol-gel process (Kayani et al., 

2015)  and electrochemical (Khatoon et al., 2018). However, a more simple and direct 

approach could be used, such as thermal degradation of copper complexes to obtain 

copper oxide nanoparticles. Eventually, the catalytic activity of both copper complexes 

and oxides can be investigated in the reduction of 4-nitrophenol in search of better 

catalysts that are efficient and effective.  

1.3 Research Objectives 

The objectives of the research are: 

i. To synthesize and characterize N-(4)-substituted-thiosemicarbazone ligands of 

pyridine and pyrrole derivatives. 

ii. To prepare and characterize copper(I) and copper(II) complexes of N(4)-

substituted-thiosemicarbazone ligands and to convert the copper complexes 

into their oxides through thermal decomposition. 
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iii. To evaluate the catalytic activities of the copper complexes and copper oxide 

in the reduction of 4-nitrophenol to 4-aminophenol and other nitroaromatic 

compounds in the presence of sodium borohydride (NaBH4). 

1.4 Scope of the Research 

This research involves the synthesis of six N(4)-substituted-thiosemicarbazone 

Schiff base ligands, namely: 2-acetylpyridine-

N(4)(methoxyphenyl)thiosemicarbazone [8], 2-acetyl-pyridine-N(4)(methyl phenyl)-

thiosemicarbazone [9], 2-acetylpyridine-N(4)-(phenyl)thiosemicarbazone [10], 

pyrrole-2-carboxaldehyde-N(4)-(phenyl)thiosemicarbazone [12], pyrrole-2-

carboxaldehyde-N(4)(methoxyphenyl)thiosemicarbazone [13] pyrrole-2-

carboxaldehyde-N(4)(methylphenyl)thiosemicarbazone [14]. From these six ligands, 

a new set of   twelve copper(I) and copper(II) complexes have been synthesized from 

copper precursors. The synthesized complexes were analyzed and characterized using 

various techniques such as melting point, molar conductivity, elemental analysis, 

spectroscopies (IR, UV-Vis and 1H-NMR) TGA, and X-ray crystallography. Copper 

complexes were converted into their oxide using a thermal decomposition method. The 

catalytic activity of copper oxide was evaluated in the reduction of nitroaromatic 

compounds; such compounds are 2-hydroxy-5-nitrobenzaldehyde, 2-methyl-4-

nitrophenol, nitroaniline, and nitrobenzene. The catalytic reduction reactions were 

evaluated using a UV-Vis spectrometer. The product from the catalytic reduction 

reaction of 4-nitrophenol to 4-aminophenol was isolated and structurally characterized 

using FT-IR and 1H-NMR spectroscopic techniques. 



 

6 

1.5 Research Flowchart 

 

Figure 1.4 Research flowchart 

1.6 Significance of Research 

           In this study, a series of six novel substituted-2-acetylpyridine and substituted-

pyrrole-2-carboxaldehyde thiosemicarbazone ligands and twelve new copper(I) and 

copper(II) complexes of N(4)-substituted-thiosemicarbazone ligands were 

successfully synthesized and characterized by various spectroscopic techniques such 

as Fourier transform infrared (FT-IR), UV-visible (UV-Vis) and proton nuclear 

magnetic resonance (1H-NMR). Thermogravimetric analysis (TGA) and molar 

conductivity were performed to investigate the properties of the complex. The copper 

complexes were successfully converted to copper oxide nanoparticles via thermal 

decomposition method. This method proved to be easy, direct and effective way to 

obtain copper oxide nanoparticles.  

The results from catalytic studies showed that both copper complexes and 

copper oxide exhibited good catalytic activity in the reduction of 4-nitrophenol. 

Recyclability and reproducibility tests were performed and the results proved that 

copper oxide was easily recovered, maintained high and consistent catalytic activities 

over four cycles without any significant decrease in the conversion of the product. Due 

to the excellent performance of copper complex and copper oxide nanoparticles, their 
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applications can be used for removal of water pollutant, such as 4-nitrophenol and this 

will give a significant advantage for the environment.  

1.7 Thesis Outline 

This thesis consists of five main chapters, namely Chapter 1, which provides a 

brief framework of the research background, the problem statement, and the objectives 

of this thesis. Chapter 2 lays out the literature review that is related to this research. 

Experimental methods are written in Chapter 3, while detailed discussions of results 

and data are presented in Chapter 4. Chapter 5 provides a conclusion for the whole 

thesis and recommendation for future works. 

 

 

 

 

 

 



 

95 

REFERENCES 

Abay, A.K., Chen, X. and Kuo, D.H. (2017). Highly efficient noble metal free copper 

nickel oxysulfide nanoparticles for catalytic reduction of 4-nitrophenol, methyl 

blue, and rhodamine-B organic pollutants. New Journal of Chemistry.  41(13), 

5628–5638. 

Abdulkarem, A.A. (2017). Synthesis and Antibacterial Studies of Metal Complexes of 

Cu(II), Ni(II) and Co(II) with Tetradentate Ligand. Journal of Biophysical 

Chemistry.  08(02), 13–21.  

Abhale, Yogita K, Shinde, A., Deshmukh, K.K., Nawale, L., Sarkar, D. and Mhaske, 

P.C. (2017). Synthesis, antitubercular and antimicrobial potential of some new 

thiazole substituted thiosemicarbazide derivatives. Medicinal Chemistry 

Research.  26(10), 2557–2567.  

Abu-dief, A.M. and Mohamed, I.M.A. (2015). ScienceDirect A review on versatile 

applications of transition metal complexes incorporating Schiff bases. Beni-Suef 

University Journal of Basic and Applied Sciences.  4(2), 119–133.  

Adekunle, O.A., Thecla, U.I., Naomi, N.P. and Wafudu, O.A. (2019). Complexes with 

Schiff Base derived from Ciprofloxacin and 2-Amino Pyridine.  4(2), 87–92. 

Aditya, T., Pal, A. and Pal, T. (2015). Nitroarene reduction: A trusted model reaction 

to test nanoparticle catalysts. Chemical Communications.  51(46), 9410–9431. 

Ahmad, S.N., Bahron, H. and Tajuddin, A.M. (2018)(a). Synthesis, spectroscopic 

investigation and catalytic studies of nickel(II) aromatic azomethine complexes. 

Jurnal Teknologi.  80(2), 77–82. 

Ahmad, S.N., Bahron, H. and Tajuddin, A.M. (2018)(b). Tetradentate Palladium ( II ) 

Salophen Complexes : Synthesis , Characterization and Catalytic Activities in 

Copper - Free Sonogashira Coupling Reaction.  7, 15–19. 

Al-hassani, M. and Ahmedzeki, N.S. (2014). new agricultural waste adsorbent for the 

removal of phenol and 4-nitro w C − C.  (JIChE 07). 

Ali, I., Wani, W.A. and Saleem, K. (2013). Empirical formulae to molecular structures 

of metal complexes by molar conductance. Synthesis and Reactivity in Inorganic, 

Metal-Organic and Nano-Metal Chemistry.  43(9), 1162–1170. 

Ali, M.A. and Fernando, K.R. (1995). The preparation and characterization of some 



 

96 

new nickel ( lI ), copper ( II ), zinc ( II ) and cadmium ( II ) complexes of the 

pyrrole-2- carboxaldehyde Schiff bases of S-alkyl esters of dithiocarbazic acid.  

22, 19–22. 

Alias, M., Kassum, H. and Shakir, C. (2014). Synthesis, physical characterization and 

biological evaluation of Schiff base M(II) complexes. Journal of the Association 

of Arab Universities for Basic and Applied Sciences.  15(1), 28–34.  

Alonso, R., Bermejo, E., Castiiieiras, A., Pcrez, T. and Carballo, R. (1997). Zeitschrift 

fur anorganische und allgemeine Chemie Structural Characterization of the 

Pyrrole-2-carboxaldehydethiosemicarbazone and its C y 

clometallathiosemicarbazones with Nickel ( 11 ), Palladium ( 11 ), and Platinum 

( I1 ).  623, 818–824. 

Altikatoglu, M., Attar, A., Erci, F., Cristache, C.M. and Isildak, I. (2017). Green 

synthesis of copper oxide nanoparticles using ocimum basilicum extract and their 

antibacterial activity. Fresenius Environmental Bulletin.  25(12), 7832–7837. 

Ammar, R.A., Alaghaz, A.N.M.A., Zayed, M.E. and Al-Bedair, L.A. (2017). 

Synthesis, spectroscopic, molecular structure, antioxidant, antimicrobial and 

antitumor behavior of Mn(II), Co(II), Ni(II), Cu(II) and Zn(II) complexes of O2N 

type tridentate chromone-2-carboxaldehyde Schiff’s base ligand. Journal of 

Molecular Structure.  1141(Ii), 368–381.  

Angeline Mary, A.P., Thaminum Ansari, A. and Subramanian, R. (2019). Sugarcane 

juice mediated synthesis of copper oxide nanoparticles, characterization and their 

antibacterial activity. Journal of King Saud University - Science.  31(4), 1103–

1114.  

Anitha, P., Viswanathamurthi, P., Kesavan, D. and Butcher, R.J. (2015). 

Ruthenium(II) 9,10-phenanthrenequinone thiosemicarbazone complexes: 

Synthesis, characterization, and catalytic activity towards the reduction as well as 

condensation of nitriles. Journal of Coordination Chemistry.  68(2), 321–334. 

Aslam, M., Anis, I., Mehmood, R., Iqbal, L., Iqbal, S., Khan, I., Chishti, M.S. and 

Perveen, S. (2016). Synthesis and biological activities of 2-aminophenol-based 

Schiff bases and their structure-activity relationship. Medicinal Chemistry 

Research.  25(1), 109–115. 

Bahron, H., Khaidir, S.S., Tajuddin, A.M., Ramasamy, K. and Yamin, B.M. (2019). 

Synthesis, characterization and anticancer activity of mono- and dinuclear Ni(II) 

and Co(II) complexes of a Schiff base derived from o-vanillin. Polyhedron.  161, 



 

97 

84–92.  

Bailar, J.C. (1986). Inorganic coordination compounds (Kauffman, George B.). 

Journal of Chemical Education.  63(4), A116. 

Bain, G.A., West, D.X., Krejci, J., Valdcs-, J., Hernbndez-ortega, S. and Toscanob, 

R.A. (1997). Synt & etic and spectroscopic iuve & gatims of N ( 4 ) -substituted 

isatin thiosemicarbazones and their copper complexes. Science.  16(5). 

Baker, D.H. (1999). Cupric Oxide Should Not Be Used As a Copper Supplement for 

Either Animals or Humans. The Journal of Nutrition.  129(12), 2278–2279. 

Berahim, N., Basirun, W., Leo, B. and Johan, M. (2018). Synthesis of Bimetallic Gold-

Silver (Au-Ag) Nanoparticles for the Catalytic Reduction of 4-Nitrophenol to 4-

Aminophenol. Catalysts.  8(10), 412. 

Beraldo, H., Lima, R., Teixeira, L.R., Moura, A.A. and West, D.X. (2001). Crystal 

structures and IR, NMR and UV spectra of 4-formyl- and 4-acetylpyridine N(4)-

methyl- and N(4)-ethylthiosemicarbazones. Journal of Molecular Structure.  

559(1–3), 99–106. 

Blanco, Â., Lo, E., Mendiola, M.A., Ara, M., Sevilla, M.T. and Inorga, Â. (2002). 

Macrocyclization of cyclic thiosemicarbazones with mercury salts.  58, 1525–

1531. 

Borhamdin, S., Shamsuddin, M. and Alizadeh, A. (2016). Biostabilised icosahedral 

gold nanoparticles: synthesis, cyclic voltammetric studies and catalytic activity 

towards 4-nitrophenol reduction. Journal of Experimental Nanoscience.  11(7), 

518–530. 

Brindha, G. and Vijayanthimala, R. (2016). Complexes of Copper ( II ) with 

Thiosemicarbazone and Chloroethanol - Synthesis , Characterization and 

Biological Studies.  9(6), 90–93. 

Casti, A. and Pedrido, R. (2010). A thiosemicarbazone ligand functionalized by a 

phosphine group : Reactivity toward coinage metal ions. Dalton Trans., 39, 

3572–3584 , 3572–3584. 

Chandra, S. and Kumar, A. (2007). Spectral, IR and magnetic studies of Mn(II), Co(II), 

Ni(II) and Cu(II) complexes with pyrrole-2-carboxyaldehyde thiosemicarbazone 

(L). Spectrochimica Acta - Part A: Molecular and Biomolecular Spectroscopy.  

68(3), 469–473. 

Chaudhary, N.K. (2012). Synthesis and medicinal use of Metal complexes of Schiff 

Bases. Bibechana.  9(0), 75–80.  



 

98 

Chavan, S.S., Sawant, S.K., Pawal, S.B. and More, M.S. (2016). Copper(I) complexes 

of 2-methoxy-(5-trifluoromethyl-phenyl)-pyridine-2yl-methylene-amine: Impact 

of phosphine ancillary ligands on luminescence and catalytic properties of the 

copper(I) complexes. Polyhedron.  105(I), 192–199.  

Chavan, S.S., Sawant, S.K., Sawant, V.A. and Lahiri, G.K. (2011). Mixed-ligand 

complexes of copper(I) with Schiff base and triphenylphosphine: Effective 

catalysts for the amination of aryl halide. Inorganic Chemistry Communications.  

14(9), 1373–1376.  

Cowley, A.R., Dilworth, J.R., Donnelly, P.S., Labisbal, E. and Sousa, A. (2002). An 

unusual dimeric structure of a Cu(I) bis(thiosemicarbazone) complex: 

Implications for the mechanism of hypoxic selectivity of the Cu(II) derivatives. 

Journal of the American Chemical Society.  124(19), 5270–5271. 

Datta, S., Drew, M.G.B. and Bhattacharya, S. (2011). Synthesis, structure and 

electrochemical properties of some thiosemicarbazone complexes of ruthenium. 

Indian Journal of Chemistry - Section A Inorganic, Physical, Theoretical and 

Analytical Chemistry.  50(9–10), 1403–1409. 

Deka, P., Deka, R.C. and Bharali, P. (2014). In situ generated copper nanoparticle 

catalyzed reduction of 4-nitrophenol. New Journal of Chemistry.  38(4), 1789–

1793. 

Devkule, S S and Chavan, S.S. (2017). Copper(I) complexes of N-(2-

quinolynylmethylene)-1H-benzimidazole and triphenylphosphine: Synthesis, 

characterization, luminescence and catalytic properties. Inorganica Chimica 

Acta.  466(4), 122–129. 

Dighore, N., Jadhav, S., Gaikwad, S. and Rajbhoj, A. (2016). Copper Oxide 

Nanoparticles Synthesis by Electrochemical Method.  22(2), 170–173. 

Dong, L., Yao, X. and Chen, Y. (2013). Interactions among supported copper-based 

catalyst components and their effects on performance: A review. Cuihua 

Xuebao/Chinese Journal of Catalysis.  34(5), 851–864.  

Dursch, T.J. (2019). Transition-Metal Complexes : Simple ( r ) Solutions to Complex 

Chemistry. Trends in Chemistry.  1(5), 455–456.  

Dzolin, S.A., Bahron, H., Mohd, Y., Hashim, N.Z.N. and Halim, N.H.A. (2018). 

Retardation of mild steel corrosion in analogous Schiff bases with different 

electronic environments. International Journal of Engineering and 

Technology(UAE).  7(3), 20–24. 



 

99 

Ellena, J., Cominetti, M.R., Batista, A.A., Navarro, M. and Sa, C.E.P. (2017). 

Copper(I) − Phosphine Polypyridyl Complexes: Synthesis, Characterization, 

DNA/HSA Binding Study, and Antiproliferative Activity.  (I). 

Frija, L.M.T., Pombeiro, A.J.L. and Kopylovich, M.N. (2016). Coordination chemistry 

of thiazoles, isothiazoles and thiadiazoles. Coordination Chemistry Reviews.  

308, 32–55.  

Galini, M., Salehi, M., Kubicki, M., Amiri, A. and Khaleghian, A. (2017). Structural 

characterization and electrochemical studies of Co(II), Zn(II), Ni(II) and Cu(II) 

Schiff base complexes derived from 2-((E)-(2-methoxyphenylimino)methyl)-4-

bromophenol; Evaluation of antioxidant and antibacterial properties. Inorganica 

Chimica Acta.  461, 167–173. 

Gandin, V., Porchia, M., Tisato, F., Zanella, A., Severin, E., Dolmella, A. and 

Marzano, C. (2013). Novel mixed-ligand copper(I) complexes: Role of diimine 

ligands on cytotoxicity and genotoxicity. Journal of Medicinal Chemistry.  

56(18), 7416–7430. 

Gawande, M.B., Goswami, A., Felpin, F.-X., Asefa, T., Huang, X., Silva, R., Zou, X., 

Zboril, R. and Varma, R.S. (2016). Cu and Cu-Based Nanoparticles: Synthesis 

and Applications in Catalysis. Chemical reviews.  116(6), 3722–811. 

Gebel, T. (2000). Toxicology of platinum, palladium, rhodium, and their compounds. 

Anthropogenic Platinum-Group Element Emissions., 245–255. 

Gingras, B.A., Hornal, R.W. and Bayley, C.H. (1960). the Preparation of Some 

Thiosemicarbazones and Their Copper Complexes. Part I. Canadian Journal of 

Chemistry.  38(5), 712–719. 

Gupta, N., Singh H. P. and Sharma, R. K. (2011). Metal nanoparticles with high 

catalytic activity in degradation of methyl orange: an electron relay effect. J Mol 

Catal A Chem. 335: 248–252).   

Hakimi, M., Moeini, K., Mardani, Z. and Takjoo, R. (2014). Synthesis and spectral 

study of a copper(I) complex, [CU(L)(PPH3)2], with ns-donor ligand. 

Phosphorus, Sulfur and Silicon and the Related Elements.  189(5), 596–605.  

Hakimi, M., Vahedi, H., Rezvaninezhad, M., Schuh, E. and Mohr, F. (2011). Synthesis 

and characterization of copper(I) complexes from triphenylphosphine and isatin 

Schiff bases of semi- and thiosemicarbazide. Journal of Sulfur Chemistry.  32(1), 

55–61. 

He, L., Chen, Y., Shi, L. and Zhang, Y. (2017). Application of copper-based 



 

100 

heterogeneous catalysts in organic wastewater treatment. IOP Conference Series: 

Materials Science and Engineering.  207(1). 

Heffeter, P., Pape, V.F.S., Enyedy, É.A., Keppler, B.K., Szakacs, G. and Kowol, C.R. 

(2019). Anticancer thiosemicarbazones: Chemical properties, interaction with 

iron metabolism, and resistance development. Antioxidants and Redox Signaling.  

30(8), 1062–1082. 

Henary, M., Wootton, J.L., Khan, S.I. and Zink, J.I. (1997). Structure and Assignment 

of the Luminescence of a New Mixed-Ligand Copper ( I ) Polymer. Inorg. Chem.  

36(I), 796–801.  

Hill, T.N. (2013). Crystal structure of phosphido-tris-(triphenylphosphine)-

copper(I)acetone solvate, C57H51CuOP4. Zeitschrift fur Kristallographie - New 

Crystal Structures.  228(1), 120–122. 

Hossain, M.S., Zakaria, C.M., Kudrat-E-Zahan, M. and Zaman, B. (2017). Synthesis, 

Spectral and Thermal Characterization of Cu(II) Complexes with Two New 

Schiff Base Ligand towards Potential Biological Application. Pelagia Research 

Library.  8(3), 380–392. 

Hosseini-Yazdi, S.A., Mirzaahmadi, A., Khandar, A.A., Eigner, V., Dušek, M., 

Mahdavi, M., Soltani, S., Lotfipour, F. and White, J. (2017). Reactions of 

copper(II), nickel(II), and zinc(II) acetates with a new water-soluble 4-

phenylthiosemicarbazone Schiff base ligand: Synthesis, characterization, 

unexpected cyclization, antimicrobial, antioxidant, and anticancer activities. 

Polyhedron.  124(Ii), 156–165.  

Hosseinpour, S., Hosseini-yazdi, S.A., White, J., Kassel, W.S. and Piro, N.A. (2017). 

X-ray crystal structural and spectral studies of copper ( II ) and nickel ( II ) 

complexes of two asymmetric bis ( thiosemicarbazone ) ligands and the 

investigation of relationship between the N ( 4 ) -substituent and the 

electrochemical behavior. Polyhedron.  121, 236–244.  

Huang, K.M., Tsukamoto, H., Yong, Y., Chiu, H.L., Nguyen, M.T., Yonezawa, T. and 

Liao, Y.C. (2017). Stabilization of the thermal decomposition process of self-

reducible copper ion ink for direct printed conductive patterns. RSC Advances.  

7(40), 25095–25100. 

Hussin, Z.M., Osman, N.A., Harun, A. and Daud, S. (2018). Penyaringan fitokimia 

dan antimikrob ke atas ekstrak kulit kayu batang Pithecellobium jiringa. 

Malaysian Journal of Analytical Sciences.  22(1), 123–127. 



 

101 

Iakovidis, I., Delimaris, I. and Piperakis, S.M. (2011). Copper and Its Complexes in 

Medicine: A Biochemical Approach. Molecular Biology International.  2011, 1–

13. 

Ibrahim, D. and Ndahi, N.P. (2019). Synthesis , Characterization and Antimicrobial 

Activity of 2- Aminopyridine-Cephalexin Schiff base and Its Mn ( II ), Co ( II ) 

and Cu ( II ) Complexes.  6(12). 

Ibrahim, M.M., Ramadan, A.E.M.M., Shaban, S.Y., Mersal, G.A.M., El-Shazly, S.A. 

and Al-Juaid, S. (2017). Syntheses, characterization and antioxidant activity 

studies of mixed-ligand copper(II) complexes of 2,2′-bipyridine and glycine: The 

X-ray crystal structure of [Cu(BPy)(Gly)]ClO4. Journal of Molecular Structure.  

1134(Ii), 319–329.  

Jadhav, A.N. and Chavan, S.S. (2014). Alkynyl functionalized iminopyridine 

copper(I) phosphine complexes: Synthesis, spectroscopic characterization and 

photophysical properties. Journal of Luminescence.  148, 296–302. 

Jayanthi, K., Meena, R.P., Chithra, K., Kannan, S., Shanthi, W. and Saravanan, R. 

(2017). Synthesis And Microbial Evaluation of Copper ( II ) Complexes of Schiff 

Base Ligand Derived From With Semicarbazide and Thiosemicarbazide.  

5(November), 205–215. 

Kadir, F.K., Shamsuddin, M. and Rosli, M.M. (2016). Crystal structure of 

bis(acetophenone 4-benzoylthiosemicarbazonato-κ2N1,S)nickel(II). Acta 

Crystallographica Section E: Crystallographic Communications.  72(Ii), 760–

763. 

Kajal, A., Bala, S., Kamboj, S., Sharma, N. and Saini, V. (2013). Schiff Bases : A 

Versatile Pharmacophore.  2013(Mic). 

Kavitha, N. and Anantha Lakshmi, P. V. (2017). Synthesis, characterization and 

thermogravimetric analysis of Co(II), Ni(II), Cu(II) and Zn(II) complexes 

supported by ONNO tetradentate Schiff base ligand derived from hydrazino 

benzoxazine. Journal of Saudi Chemical Society.  21, S457–S466.  

Kayani, Z.N., Umer, M., Riaz, S. and Naseem, S. (2015). Characterization of Copper 

Oxide Nanoparticles Fabricated by the Sol–Gel Method. Journal of Electronic 

Materials.  44(10), 3704–3709. 

Khatoon, U.T., Mantravadi, K.M. and Nageswara, G.V.S. (2018). Strategies to 

synthesise copper oxide nanoparticles and their bio applications – a review.  0836. 

Kiliç-Cikla, I., Güveli, Ş., Yavuz, M., Bal-Demirci, T. and Ülküseven, B. (2016)(a). 



 

102 

5-Methyl-2-hydroxy-acetophenone-thiosemicarbazone and its nickel(II) 

complex: Crystallographic, spectroscopic (IR, NMR and UV) and DFT studies. 

Polyhedron.  105, 104–114. 

Kimura, T., Moriya, S. and Takahashi, M. (2015). Effects of Cu-alloy Material 

Properties on Lifetime of a Combustion Chamber with or without a Thermal 

Barrier Coating. , 1–13. 

Kostas, I.D. and Steele, B.R. (2020). Thiosemicarbazone complexes of transition 

metals as catalysts for cross-coupling reactions. Catalysts.  10(10), 1–40. 

Kotian, A., Kamat, V., Naik, K., Kokare, D.G., Kumara, K., Lokanath, N.K. and 

Revankar, V.K. (2021). Hydroxyacetone derived N4-methyl substituted 

thiosemicarbazone: Syntheses, crystal structures and spectroscopic 

characterization of later first-row transition metal complexes. Journal of 

Molecular Structure.  1224. 

Kovala-Demertzi, D., Yadav, P.N., Demertzis, M.A., Jasiski, J.P., Andreadaki, F.J. 

and Kostas, I.D. (2004). First use of a palladium complex with a 

thiosemicarbazone ligand as catalyst precursor for the Heck reaction. 

Tetrahedron Letters.  45(14), 2923–2926. 

Lamichhane, J.R., Osdaghi, E., Behlau, F., Köhl, J., Jones, J.B. and Aubertot, J.N. 

(2018). Thirteen decades of antimicrobial copper compounds applied in 

agriculture. A review. Agronomy for Sustainable Development.  38(3). 

Lawrance, G.A. (2009). Introduction to Coordination Chemistry, 

Li, W., Cui, X., Junge, K., Surkus, A.E., Kreyenschulte, C., Bartling, S. and Beller, M. 

(2019). General and Chemoselective Copper Oxide Catalysts for Hydrogenation 

Reactions. ACS Catalysis.  9(5), 4302–4307. 

Liu, M., Ma, G., Zhang, X., Liu, J. and Wang, Q. (2020). Preparation of black ceramic 

tiles using waste copper slag and stainless steel slag of electric arc furnace. 

Materials.  13(3), 5–10. 

Lobana, T.S., Bawa, G., Castineiras, A. and Butcher, R.J. (2007). First example of 

pyrrole-2-carbaldehyde thiosemicarbazone as tridentate dianion in [Pd(η3-

N4,N3,S-ptsc)(PPh3)] complex. Inorganic Chemistry Communications.  10(4), 

506–509. 

Lobana, T.S., Casas, J.S., Castiñeiras, A., García-Tasende, M.S., Sánchez, A. and 

Sordo, J. (2003). Diphenylthallium(III) thiosemicarbazonates: Flexibility of 

coordination in the solid state and polymorphism in chloroform solution. 



 

103 

Inorganica Chimica Acta.  347, 23–32. 

Lobana, Tarlok S., Kumari, P., Bawa, G., Hundal, G., Butcher, R.J., Fernandez, F.J., 

Jasinski, J.P. and Golen, J.A. (2012)(a). Pyrrole-2-carbaldehyde 

thiosemicarbazonates of Nickel(II) and palladium(II): Synthesis, structure, and 

spectroscopy. Zeitschrift fur Anorganische und Allgemeine Chemie.  638(5), 804–

810. 

Lobana, Tarlok S., Kumari, P., Bawa, G., Hundal, G., Butcher, R.J., Fernandez, F.J., 

Jasinski, J.P. and Golen, J.A. (2012)(b). Pyrrole-2-carbaldehyde 

thiosemicarbazonates of Nickel(II) and palladium(II): Synthesis, structure, and 

spectrpyosco. Zeitschrift fur Anorganische und Allgemeine Chemie.  638(5), 804–

810. 

Lobana, Tarlok S, Kumari, P., Bawa, G., Hundal, G., Butcher, R.J., Fernandez, F.J., 

Jasinski, J.P. and Golen, J.A. (2012). Pyrrole-2-carbaldehyde 

Thiosemicarbazonates of Nickel ( II ) and Palladium ( II ): Synthesis , Structure , 

and Spectroscopy.  (Ii), 804–810. 

Lopes, J., Alves, D., Morais, T.S., Costa, P.J., Piedade, M.F.M., Marques, F., Villa de 

Brito, M.J. and Helena Garcia, M. (2017). New copper(I) and heteronuclear 

copper(I)–ruthenium(II) complexes: Synthesis, structural characterization and 

cytotoxicity. Journal of Inorganic Biochemistry.  169, 68–78.  

Magdy, Y.M., Altaher, H. and ElQada, E. (2018). Removal of three nitrophenols from 

aqueous solutions by adsorption onto char ash: equilibrium and kinetic modeling. 

Applied Water Science.  8(1), 1–15.  

Manikandan, R., Viswanathamurthi, P., Velmurugan, K., Nandhakumar, R., 

Hashimoto, T. and Endo, A. (2014). Synthesis, characterization and crystal 

structure of cobalt(III) complexes containing 2-acetylpyridine 

thiosemicarbazones: DNA/protein interaction, radical scavenging and cytotoxic 

activities. Journal of Photochemistry and Photobiology B: Biology.  130, 205–

216.  

Menumerov, E., Hughes, R.A. and Neretina, S. (2016). Catalytic Reduction of 4-

Nitrophenol: A Quantitative Assessment of the Role of Dissolved Oxygen in 

Determining the Induction Time. Nano Letters.  16(12), 7791–7797. 

Messmer, G.G. and Palenik, G.J. (1969). The crystal structure of 

bis(triphenylphosphine)copper(I) nitrate. Inorganic Chemistry.  8(12), 2750–

2754. 



 

104 

Najafi, M. and Azizian, S. (2020). Catalytic reduction of 4-nitrophenol on the surface 

of copper/copper oxide nanoparticles: a kinetics study. Applied Nanoscience 

(Switzerland).  10(10), 3827–3837.  

Nasrollahzadeh, M., Maham, M. and Mohammad Sajadi, S. (2015). Green synthesis 

of CuO nanoparticles by aqueous extract of Gundelia tournefortii and evaluation 

of their catalytic activity for the synthesis of N-monosubstituted ureas and 

reduction of 4-nitrophenol. Journal of Colloid and Interface Science.  455, 245–

253.  

Nasrollahzadeh, M., Zahraei, A., Ehsani, A. and Khalaj, M. (2014). Synthesis, 

characterization, antibacterial and catalytic activity of a nanopolymer supported 

copper(ii) complex as a highly active and recyclable catalyst for the 

formamidation of arylboronic acids under aerobic conditions. RSC Advances.  

4(39), 20351–20357.  

Netalkar, P.P., Netalkar, S.P. and Revankar, V.K. (2015). Transition metal complexes 

of thiosemicarbazone: Synthesis, structures and invitro antimicrobial studies. 

Polyhedron.  100, 215–222. 

Nordin, N.R. and Shamsuddin, M. (2019). Biosynthesis of copper ( II ) oxide 

nanoparticles using Murayya koeniggi aqueous leaf extract and its catalytic 

activity in 4- nitrophenol reduction.  15(2), 2–8. 

Numan, A.T., Atiyah, E.M., Al-Shemary, R.K. and Abd-Ulrazzaq, S.S. (2018). 

Composition, Characterization and Antibacterial activity of Mn(II), Co(II),Ni(II), 

Cu(II) Zn(II) and Cd(II) mixed ligand complexes Schiff base derived from 

Trimethoprim with 8-Hydroxy quinoline. Journal of Physics: Conference Series.  

1003(1). 

Olszewski, T.K., Adler, P. and Grison, C. (2019). Bio-based Catalysts from Biomass 

Issued after Decontamination of Effluents Rich in Copper — an Innovative 

Approach towards Greener Copper-based Catalysis.  1–20. 

Omar, S.A., Ravoof, T.B.S.A., Tahir, M.I.M. and Crouse, K.A. (2014). Synthesis and 

characterization of mixed-ligand copper(II) saccharinate complexes containing 

tridentate NNS Schiff bases. X-ray crystallographic analysis of the free ligands 

and one complex. Transition Metal Chemistry.  39(1), 119–126. 

Orlandi, M., Brenna, D., Harms, R., Jost, S. and Benaglia, M. (2018). Recent 

Developments in the Reduction of Aromatic and Aliphatic Nitro Compounds to 

Amines. Organic Process Research and Development.  22(4), 430–445. 



 

105 

Pahontu, E., Fala, V., Gulea, A., Poirier, D., Tapcov, V. and Rosu, T. (2013). Synthesis 

and characterization of some new Cu(II), Ni(II) and Zn(II) complexes with 

salicylidene thiosemicarbazones: Antibacterial, antifungal and in vitro 

antileukemia activity. Molecules.  18(8), 8812–8836. 

Patel, B N, Patel, P.S. and Patel, V.G. (2011). Synthesis, characterization and chelating 

properties of novel ligands containing pyrazoline ring. International Journal of 

ChemTech Research.  3(2), 565–568. 

Patel, B. N., Patel, P.S. and Patel, V.G. (2011). Synthesis, characterization and 

chelating properties of novel ligands containing pyrazoline ring. International 

Journal of ChemTech Research.  3(2), 565–568. 

Patil, S. A., Unki, S. N., Kulkarni, A. D., Naik, V. H., Kamble, U. and Badami, P. S. 

(2011). Spectroscopic, in vitro antibacterial, and antifungal studies of Co(II), 

Ni(II), and Cu(II) complexes with 4-chloro-3-coumarinaldehyde Schiff bases. 

Journal of Coordination Chemistry. 64. 323-336 

Paul, P., Butcher, Ray J. and Bhattacharya, S. (2015). Palladium complexes of 2-

formylpyridine thiosemicarbazone and two related ligands: Synthesis, structure 

and, spectral and catalytic properties. Inorganica Chimica Acta.  425, 67–75.  

Paul, P., Butcher, Ray J and Bhattacharya, S. (2015). Palladium complexes of 2-

formylpyridine thiosemicarbazone and two related ligands: Synthesis, structure 

and, spectral and catalytic properties. Inorganica Chimica Acta.  425, 67–75.  

Pelosi, G. (2010). Thiosemicarbazone Metal Complexes: From Structure to 

Activity~!2009-12-08~!2010-01-13~!2010-03-25~! The Open Crystallography 

Journal.  3(2), 16–28. 

Piri, Z., Moradi-Shoeili, Z. and Assoud, A. (2017). New copper(II) complex with 

bioactive 2–acetylpyridine-4N-p-chlorophenylthiosemicarbazone ligand: 

Synthesis, X-ray structure, and evaluation of antioxidant and antibacterial 

activity. Inorganic Chemistry Communications.  84, 122–126. 

Polo-Cerón, D. (2019). Cu(II) and Ni(II) complexes with new tridentate NNS 

thiosemicarbazones: Synthesis, characterisation, DNA interaction, and 

antibacterial activity. Bioinorganic Chemistry and Applications.  2019. 

Prakash, G., Nirmala, M., Ramachandran, R., Viswanathamurthi, P., Malecki, J.G. and 

Sanmartin, J. (2015). Heteroleptic binuclear copper(I) complexes bearing 

bis(salicylidene)hydrazone ligands: Synthesis, crystal structure and application in 

catalytic N-alkylation of amines. Polyhedron.  89, 62–69.  



 

106 

Ramachandran, R., Prakash, G., Vijayan, P., Viswanathamurthi, P. and Grzegorz, J. 

(2017). Inorganica Chimica Acta Synthesis of heteroleptic copper ( I ) complexes 

with phosphine- functionalized thiosemicarbazones : An efficient catalyst for 

regioselective N -alkylation reactions. Inorganica Chimica Acta.  464, 88–93. 

Ramachandran, R., Prakash, G., Vijayan, P., Viswanathamurthi, P. and Malecki, J.G. 

(2017). Synthesis of Heteroleptic Copper ( I ) Complexes with Phosphine- 

Functionalized Thiosemicarbazones : Efficient Catalyst for Regioselective N- 

Alkylation Reactions. Inorganica Chimica Acta.  (I).  

Ramírez-Palma, M.T., Segura-Arzate, J., López-Téllez, G. and Cuevas-Yañez, E. 

(2016). Ligand Synthesis Catalyst and Complex Metal Ion: Multicomponent 

Synthesis of 1,3-Bis(4-phenyl-[1,2,3]triazol-1-yl)-propan-2-ol Copper(I) 

Complex and Application in Copper-Catalyzed Alkyne-Azide Cycloaddition. 

Journal of Chemistry.  2016(I). 

Rapheal, P F, Manoj, E. and Kurup, M.R.P. (2007). Copper ( II ) complexes of N ( 4 ) 

-substituted thiosemicarbazones derived from pyridine-2-carbaldehyde : Crystal 

structure of a binuclear complex.  26, 818–828. 

Rapheal, P. F., Manoj, E. and Prathapachandra Kurup, M.R. (2007)(a). Copper(II) 

complexes of N(4)-substituted thiosemicarbazones derived from pyridine-2-

carbaldehyde: Crystal structure of a binuclear complex. Polyhedron.  26(4), 818–

828. 

Rapheal, P. F., Manoj, E. and Prathapachandra Kurup, M.R. (2007)(b). Copper(II) 

complexes of N(4)-substituted thiosemicarbazones derived from pyridine-2-

carbaldehyde: Crystal structure of a binuclear complex. Polyhedron.  26(4), 818–

828. 

Raul, P.K., Senapati, S., Sahoo, A.K., Umlong, I.M., Devi, R.R., Thakur, A.J. and 

Veer, V. (2014). CuO nanorods: A potential and efficient adsorbent in water 

purification. RSC Advances.  4(76), 40580–40587.  

Reichie, W.T. (1971). Preparation, physical properties and reactions of copper(I)-

triphenyl-m complexes (M= P, As, Sb). Inorganica Chimica Acta.  5(C), 325–

332.  

Rezaeivala, M. and Keypour, H. (2014). Schiff base and non-Schiff base macrocyclic 

ligands and complexes incorporating the pyridine moiety - The first 50 years. 

Coordination Chemistry Reviews.  280, 203–253. 

Richardson, D.R., Kalinowski, D.S., Richardson, V., Sharpe, P.C., Lovejoy, D.B., 



 

107 

Islam, M. and Bernhardt, P. V. (2009). 2-Acetylpyridine thiosemicarbazones are 

potent iron chelators and antiproliferative agents: Redox activity, iron 

complexation and characterization of their antitumor activity. Journal of 

Medicinal Chemistry.  52(5), 1459–1470. 

Rocha, F.V., Barra, C.V., Mauro, A.E., Carlos, I.Z., Nauton, L., El Ghozzi, M., 

Gautier, A., Morel, L. and Netto, A.V.G. (2013). Synthesis, characterization, x-

ray structure, DNA cleavage, and cytotoxic activities of palladium(ii) complexes 

of 4-phenyl-3-thiosemicarbazide and triphenylphosphane. European Journal of 

Inorganic Chemistry.  (25), 4499–4505. 

Rodríguez-Santiago, A.J., Cortés, N., Pham, K., Miksovska, J. and Raptis, R.G. 

(2018). 4,4′-Dihydroxy-2,2′-bipyridine complexes of Co(III), Cu(II) and Zn(II); 

structural and spectroscopic characterization. Polyhedron.  150, 61–68. 

Rusjan, D. (2012). Copper in Horticulture. Fungicides for Plant and Animal Diseases. 

(Sagar, B., Vidya, S., Krishna, R., Lee, Y. (2017). Synthesis, Characterization, 

Luminescence And Dna Binding Properties Of Ln (III)-Schiff Base Family. 

Journal Of The Chilean Chemical Society, 62(2), 3447-3453). 

Salam, M.A., Affan, M.A., Ahmad, F.B., Jusoh, I., Shamsuddin, M.B., Yamin, B. and 

Farina, Y. (2012). Synthesis, spectral characterization and crystal structure of a 

novel trinuclear di-n-butyltin(IV) complex with pyruvic acid-N(4)- 

cyclohexylthiosemicarbazone (H2PACT). Journal of Organometallic Chemistry.  

696(26), 4202–4206.  

Scovill, J.P., Klayman, D.L. and Franchino, C.F. (1982). 2-Acetylpyridine 

Thiosemicarbazones. 4. Complexes with Transition Metals as Antimalarial and 

Antileukemic Agents. Journal of Medicinal Chemistry.  25(10), 1261–1264. 

Shahsavani, E., Feizi, N., Eigner, V. and Dusek, M. (2015). Crystal Structure Of 

Copper ( I ) Thiosemicarbazone Complex [ CuI ( PPh 3 )( catsc )].  56(5), 1003–

1004. 

Shahsavani, E., Feizi, N., Eigner, V., Dusek, M. and Khalaji, A.D. (2015). Crystal 

structure of copper(I) thiosemicarbazone complex [CuI(PPh3)(catsc)]. Journal of 

Structural Chemistry.  56(5), 1003–1007.  

Sharma, A. and Shah, M. (2013). Synthesis and Characterization of some Transition 

metal complexes derived from Bidentate Schiff Base Ligand. IOSR Journal of 

Applied Chemistry.  3(5), 62–66. 

Sîrbu, A., Palamarciuc, O., Babak, M. V., Lim, J.M., Ohui, K., Enyedy, E.A., Shova, 



 

108 

S., Darvasiová, D., Rapta, P., Ang, W.H. and Arion, V.B. (2017). Copper(ii) 

thiosemicarbazone complexes induce marked ROS accumulation and promote 

nrf2-mediated antioxidant response in highly resistant breast cancer cells. Dalton 

Transactions.  46(12), 3833–3847. 

Sravanthi, K., Ayodhya, D. and Swamy, P.Y. (2019). Green synthesis, characterization 

and catalytic activity of 4-nitrophenol reduction and formation of benzimidazoles 

using bentonite supported zero valent iron nanoparticles. Materials Science for 

Energy Technologies.  2(2), 298–307.  

Steyl, G. (2009). Nitratotris(triphenyl-phosphine)copper(I) methanol solvate. Acta 

Crystallographica Section E: Structure Reports Online.  65(3), 0–12. 

Suelter, C.H. (1986). Peter p. Methods.  125(1982). 

Suganthy, P.K., Prabhu, R.N. and Sridevi, V.S. (2013). Nickel(II) thiosemicarbazone 

complex catalyzed Mizoroki-Heck reaction. Tetrahedron Letters.  54(42), 5695–

5698.  

Taylor, P. (1990). The Chemistry of Macrocyclic Ligand Complexes L. F. Lindoy 

Cambridge: Cambridge University Press 1989, pp viii +269 £45.00. SUS 69.50 

ISBN 0 521 25261 X. Journal of Coordination Chemistry.  21(1), 87–87. 

Taylor, P., Metwally, M.A., Bondock, S. and El-azap, H. Thiosemicarbazides : 

synthesis and reactions.  (May 2012), 37–41. 

Tran, T.H. and Nguyen, V.T. (2014). Copper Oxide Nanomaterials Prepared by 

Solution Methods, Some Properties, and Potential Applications: A Brief Review. 

International Scholarly Research Notices.  2014, 1–14. 

Trivedi, M., Kant, P., Molloy, K.C., Kociok-Köhn, G. and Kumar, A. (2014). 

Synthesis and characterization of tris(triphenylphosphane)copper(I) nitrate dimer 

and its applications as precursor of copper oxide nanorods. Inorganica Chimica 

Acta.  411, 102–105.  

Tsantis, S.T., Tzimopoulos, D.I., Holyńska, M. and Perlepes, S.P. (2020). 

Oligonuclear actinoid complexes with schiff bases as ligands—older 

achievements and recent progress, 

Uzoigwe, T.I., Osunlaja, A.A., Ndahi, P.N., Wafudu, O.A. and Dauda, I. (2019). Co ( 

II ) and Zn ( II ) Complexes of Ciprofloxacin Imine : Physicochemical and In-

Vitro Biological Evaluation.  IV(Ix), 24–29. 

Verma, N. and Kumar, N. (2019). Synthesis and Biomedical Applications of Copper 

Oxide Nanoparticles: An Expanding Horizon. ACS Biomaterials Science and 



 

109 

Engineering.  5(3), 1170–1188. 

Viani, Rinantonio; Petracco, M. (2012). Cobalt and Cobalt Compounds JOHN. 

Ullmann’s Encyclopedia of Industrial Chemistry.  (Ii), 467–497. 

Vinoth, G., Indira, S., Bharathi, M., Nandhakumar, A., Sathishkumar, K., Shanmuga 

Bharathi, K., Biggs, A.I., Vijayan, P., Viswanathamurthi, P., Velmurugan, K., 

Nandhakumar, R., Balakumaran, M.D., Kalaichelvan, P.T. and Malecki, J.G. 

(2015). Synthesis, characterization, and catalytic activity of a new series of Ni(II), 

Cu(II), and Zn(II) complexes of N,N-O,O mixed-bidentate ligands for C–C cross-

coupling reactions. RSC Advances.  5(125), 103321–103342.  

Vinusha, H.M., Kollur, S.P., Revanasiddappa, H.D., Ramu, R., Shirahatti, P.S., 

Nagendra Prasad, M.N., Chandrashekar, S. and Begum, M. (2019). Preparation, 

spectral characterization and biological applications of Schiff base ligand and its 

transition metal complexes. Results in Chemistry.  1, 100012.  

Vitaku, E., Smith, D.T. and Njardarson, J.T. (2014). Analysis of the structural 

diversity, substitution patterns, and frequency of nitrogen heterocycles among 

U.S. FDA approved pharmaceuticals. Journal of Medicinal Chemistry.  57(24), 

10257–10274. 

Wang, W., Yu, W., Du, P., Xu, H., Jin, Z., Si, R., Ma, C., Shi, S., Jia, C. and Yan, C. 

(2017). Crystal Plane E ff ect of Ceria on Supported Copper Oxide Cluster 

Catalyst for CO Oxidation : Importance of Metal − Support Interaction. 

Wilkinson, S.M., Sheedy, T.M. and New, E.J. (2016). Synthesis and Characterization 

of Metal Complexes with Schiff Base Ligands. Journal of Chemical Education.  

93(2), 351–354. 

Wu, X. and Gorden, A.E.V. (2009). 2-quinoxalinol salen copper complexes for 

oxidation of aryl Methylenes. European Journal of Organic Chemistry.  1(4), 

503–509. 

Xavier, D.A. and Srividhya, N. (2014)(a). Synthesis and Study of Schiff base Ligands. 

IOSR Journal of Applied Chemistry.  7(11), 6–15.  

 

Yadav, K., Varshney, S. and Varshney, A.K. (2015). Structural Investigations of Some 

New Coordination Compounds of Aluminium With Nitrogen , Oxygen and 

Sulphur Donor Ligands.  4(04), 1361–1367.  

Yeğiner, G., Gülcan, M., Işık, S., Ürüt, G.Ö., Özdemir, S. and Kurtoğlu, M. (2017). 

Transition Metal (II) Complexes with a Novel Azo-azomethine Schiff Base 



 

110 

Ligand: Synthesis, Structural and Spectroscopic Characterization, Thermal 

Properties and Biological Applications. Journal of Fluorescence.  27(6), 2239–

2251. 

Zhang, W., Loebach, J.L., Wilson, S.R. and Jacobsen, E.N. (1990). Enantioselective 

Epoxidation of Unfunctionalized Olefins Catalyzed by (Saien)manganese 

Complexes. Journal of the American Chemical Society.  112(7), 2801–2803. 

Zhu, T., Shen, S., Lu, Q., Ye, X., Ding, W., Chen, R., Xie, J., Zhu, W., Xu, J., Jia, L., 

Wu, W. and Ma, T. (2017). Design and synthesis of novel N(4)-substituted 

thiosemicarbazones bearing a pyrrole unit as potential anticancer agents. 

Oncology Letters.  13(6), 4493–4500. 

 



 

133 

LIST OF PUBLICATIONS 

1. Omar Abdullahi Wafudu Handy, 7th International Conference and Workshop on Basic 

and Applied Sciences (ICOWOBAS 2019).  “Synthesis, Characterization of 2-

acetylpyridine-N(4)-(methoxyphenyl)-thiosemi-carbazonecopper(I) complex and 

Catalytic Activity of its oxide.” 

2. Omar Abdullahi Wafudu Handy, Mohamad Shazwan Shah Jamil, Mustaffa 

Shamsuddin (2020). Copper oxide derived from copper(I) complex of 2-acetylpyridine-

N(4)-(methoxyphenyl)thiosemicarbazone as an efficient catalyst in the reduction of 4-

nitrophenol: Malaysian Journal of fundamental and applied sciences (MJFAS}  Vol, 

16 No 3. Available online. 

 




