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Graphical abstract 

Abstract 

A copper(I) complex of 2-acetylpyridine-N(4)-(methoxy phenyl)thiosemicarbazone was successfully 
synthesized and structurally characterized using Fourier transform infrared (FTIR), Ultraviolet-visible 
(UV-Vis) and nuclear magnetic resonance (NMR) spectroscopies, thermal gravimetric analysis (TGA)  
and CHN elemental analyses. The complex was converted into copper oxide in a simple, efficient, and 
cheap method via solid state thermal decomposition. Test of the catalytic performance of the copper(I) 
complex and copper oxide were 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 catalyst was the most optimized 
amount with the highest conversion (98.7%) than any other amounts, 0.5 mol% (96.8%), 1.5 mol% 
(95.4%) and 2.0 mol% (89.6%). Recyclability and reproducibility tests of copper oxide prove that this 
catalyst was very efficient, exhibit excellent reproducibility with consistent catalytic performances and 
could be reused four times without significant decrease in the catalytic activities.  

Keywords: Copper oxide, copper(I) complex, thiosemicarbazones, 4-nitrophenol reduction 

© 2020 Penerbit UTM Press. All rights reserved 

INTRODUCTION 

Copper oxide (CuO) is an important transition metal oxide with 

many practical applications such as catalysis, gas sensors, solar cells, 

battery materials and antimicrobial in biomedical studies [1, 2, 3, 4]. 

Due to its numerous applications, the synthesis of nanostructured CuO 

has also attracted considerable attention. Various synthetic methods 

have been reported for the preparation of CuO nanoparticles including 

electrochemical, hydrothermal, solvothermal, sonochemical, 

mechanochemical and biological methods [5, 6, 7, 8, 9]. Although these 

preparation methods are already established, however there are some 

disadvantages associated with these techniques. The electrochemical 

and chemical processes are quite expensive, involving some 

sophisticated equipment and require harsh conditions and the use of 

toxic chemicals. Biological approach on the other hand is cheaper, safer 

and environmental-friendly, however the process takes much longer 

time as the initial stage involves the extraction of biological resources 

[10]. Amongst all these techniques, the solid-state thermal 

decomposition of transition metal complexes as precursor is one of the 

simplest technique for preparing nanosized transition-metal oxides 

[11]. By selecting an appropriate precursor together with a rational 

calcinations procedure, products with nano sizes could be obtained. 

This method also has potential advantages, including high yield of pure 

products, absence of solvent, and exempting the need for special 

equipment.  

In this paper, we describe the synthesis and characterisation of 

copper oxide from the thermal decomposition of copper(I) complex of 

2-acetylpyridine-N(4)-(methoxy phenyl)thiosemicarbazone as novel 

precursor. The catalytic activity of the synthesized CuO was evaluated 

towards the reduction of 4-nitrophenol in the presence of sodium 

borohydride as a reducing agent. 

EXPERIMENTAL 

Materials and methods 
All the chemicals and reagents used in this study were 

commercially purchased and used, as received without further 

purification. Solvents were distilled before use and dried over 

molecular sieves (4Ǻ). All glassware were washed and dried overnight 

in an oven. The reactions were conducted under an inert atmosphere of 

nitrogen. The products obtained were collected using vacuum filtration 

and dried over silica gel in a desiccator before characterization. The 

synthesized products were characterized by melting point, UV-Vis, 

FTIR and 1H NMR spectroscopies. The UV-Vis spectra were recorded 

in dimethylformamide (DMF)/chloroform (CHCl3) solutions using a 

Shimadzu model UV-Vis probe 1800 spectrophotometer in the range 

of 200-800 nm. The infrared spectra were obtained using the FTIR 

Frontier-Elmer 1800 Model spectrophotometer in the range of 4000-

400cm-1.  Solution state IH-NMR for the ligands and the complexes 

were recorded on a Bruker Avance 400 MHz spectrometer analyzer 

using deuterated chloroform (CDCl3) and deuterated acetone d6 as a 

solvent. Chemical shifts were verified, as δ values in part per million 

(ppm) relative to tetra-methyl silane (TMS) as the internal reference 

standard. Melting points were determined using Electro-thermal 1900 

Model. The elemental analysis of carbon, hydrogen, nitrogen and 

sulphur, was elucidated according to the ligands and complexes 
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molecular weight. The thermographic analysis (TGA) was recorded on 

a Mettler Toledo TGA/SDTA851E instrument and X-Ray diffraction 

(XRD) patterns were recorded using a Bruker D8 Advance powder 

diffractometer with a Cu Kα radiation (λ = 1.54060 Å) operating at 40 

kV and 30 mA in the 2θ range from 10º to 90º.  

Preparation of thiosemicarbazide 
N(4)-(methoxyphenyl)thiosemicarbazide was prepared by mixing 

N(4)-(Methoxy-phenyl)isothiocyanate (3 mL, 3.54 g, 21.46 mmol) 

with hydrazine monohydrate (5 mL, 5.15 g, 100 mmol). The reaction 

mixture was stirred at room temperature for 2 hours. A white precipitate 

formed was collected via vacuum filtration, washed with cold diethyl 

ether, and dried in a desiccator over silica gel. The silky white product 

was recrystallized from methanol. Yield 83.9%. Melting point: 152-

153oC. This value is consistent with the previous reported data [12]. 

Synthesis of thiosemicarbazone ligand 
       N(4)-(methoxyphenyl)-thiosemicarbazide (0.3624 g, 2 mmol) in 

ethanol (15 mL) was mixed with 2-acetylpyridine (0.24 mL, 0.242 g, 2 

mmol) in a round bottom flask. Acetic acid (0.2 mL) was added to the 

mixture and refluxed in nitrogen flow for 4 hours. A yellowish-orange  

product formed was filtered and washed with ethanol. Then, the product 

was washed with diethyl ether and dried over silica gel in a desiccator.  

Yield, 0.2401 g, 87.0%. Colour: Yellowish-orange. Melting point: 173-

174oC. This value is consistent with the previous reported data [12]. 

Preparation of tris-(triphenylphosphine)copper(I) nitrate 
     In a 25 mL beaker, copper(I) nitrate trihydrate (0.365 g, 1.5 mmol) 

was dissolved in ethanol (10 mL). In another beaker, 

triphenylphosphine (1.965 g; 7.5 mmol) was also dissolved in ethanol 

(30 mL) and warmed. The two solutions were mixed in a 100 mL round 

bottom flask and refluxed for 1 hour. The resulting mixture was allowed 

to cool to room temperature. The white product was filtered, washed 

with cold ethanol and followed by diethyl ether, then dried in a 

desiccator over silica gel. Yield 0.7796 g, 85.4%. Melting point: 154-

156°C. This value is in good agreement with the published data [13]. 

Synthesis of 2-acetylpyridine-N(4)-(methoxyphenyl) 
thiosemicarbazone-tris-(triphenyl-phosphine)copper(I) 
nitrate 
     Tris-(triphenylphosphine)copper(I) nitrate (0.912g, 1 mmol) was 

dissolved in dichloromethane (10 mL)  and stirred for 30 minutes under 

nitrogen flow at room temperature. To the solution,  a solution of 2-

acetylpyridine-N(4)-(methyl phenyl)thiosemicarbazone (0.181g, 

1mmol) dissolved in dichloromethane (10 mL) was added. The 

resulting mixture turned to reddish colour and was stirred at room 

temperature for 3 hours. Then, the solution reduced to a small volume 

under vacuum. Brown coloured complex was developed by diffusion 

of diethyl ether into the filtrate. Yield: 78% Colour: Brown crystals, 

melting point 259 – 260oC. Anal Calcd for CuC69H61N5P3O3S 

(1192.807 g/mol: Calcd: C, 69.01, H, 5.20, N, 5.21, S, 2.67 %) Found: 

C, 69.14, H, 5.15, N, 5.87, S, 2.69 %. 

Thermal decomposition of 2-acetylpyridine-N(4)-
thiosemicarbazone of copper(I) nitrate to copper oxide 
      0.5 g of the complex was measured and calcined in hot air furnace 

Carbolite model at variable temperatures of 500, 600, 700 and 800oC 

between 30oC to 900oC at 100C min-1 for 3h. These temperatures were 

chosen because the ligands decompose at temperature above 500°C. 

The product was best calcined between 700 – 800oC and purified by 

washing with  2 M ammonium hydroxide  solution to remove phosphate  

(PO4)-2
  and dried for 2 hours in an oven at 100oC. The copper oxide 

was confirmed by XRD powder diffraction method using Rigaku 

diffractometer Smart lab model, X-ray diffractometer with Cu Kα

radiation 2θ ranging from 10o to 90o at room temperature heating rates 

of 10°C min-1 for 2 hours at wavelength of 1.54 Ǻ. 

Catalytic performance of the catalyst in the reduction of 4-
nitrophenol 
     A freshly prepared aqueous NaBH4 (1 mL, 0.2 mol) was mixed with 

an aqueous solution of 4-NP (3 mL, 0.01 mol) in a quartz cuvette with 

1.0 cm path length and 4 mL volume. The solution was prepared using 

deionized water. The colour of the solution changed immediately to 

deep-yellow colour upon addition of NaBH4. Then the catalyst (1 

mol%) was added to the mixture, and the initial yellow colour of the 

solution turned to colourless as the reaction proceeded. The progress of 

the reduction was evaluated by UV-Vis spectrophotometer in the 

scanning range between 200 nm to 500 nm. The absorbance for the 4-

nitrophenolate ion peak at λ = 400 nm was recorded in every cycling 

over 2 min at room temperature. A standard calibration curve was 

plotted based on six concentrations of 4-NP solutions with NaBH4

ranging from 0.01 – 0.1 mM. The percentage of conversion from 4-NP 

to 4-AP was determined by calculation from the absorbance data using 

the following equation: 
 Initial Abs - Final Abs
          Initial Abs x 100%Percentage conversion  =

Isolation of the product 
     The progress of the conversion reaction was monitored by UV-Vis 

spectroscopy. When the conversion was completed, the product was 

isolated by the following procedure. Firstly, the product was diluted 

with diethyl ether (30 mL) and separated using liquid-liquid extraction. 

The extraction steps were repeated three times, and the diethyl ether 

fractions containing the product (4-AP) were combined and dried using 

anhydrous sodium sulphate (Na2SO4). Then, diethyl ether was 

evaporated using a rotary evaporator. Purification of  4-aminophenol 

by a silica gel column chromatography was done by eluding the product 

with solvent composed of hexane and ethyl acetate in a ratio of 1:2. 

Each eluent was loaded on a thin layer chromatography (TLC) plate 

together with the 30 mL 4-AP standard. The fraction containing 4-AP 

were combined, and solvents were evaporated using a rotary 

evaporator. The product was characterized by NMR and UV-Vis 

spectroscopy. 

Recovery of the catalyst 
     The catalyst was recovered by centrifuging the mixture at 4000 rpm 

for 40 min. After this time,  the catalyst was settled at the bottom of the 

centrifugation tube and recovered by decanting the solution. The 

recovered catalyst was washed with deionized water twice and dried 

over silica gel for subsequent experiments. 

Optimization of the amount of copper oxide in the reduction 
of 4-nitrophenol  
      The cataytic experiments were repeated three times under the same 

condition as the model reactions, except that the catalyst amount was 

varied (0.5 mg, 1.0 mg, 1.5 mg and 2.0 mg). Percentage conversion for 

each catalyst amount was determined from the UV-Vis spectroscopic 

data.  

Recyclability test of copper oxide in the reduction of 4-
nitrophenol 
     Recycle experiments were performed to test the reusability of the 

copper oxide catalyst. The recyclability test was performed by carrying 

out the reaction under the same conditions as the model reaction. After 

the first run, the catalyst was separated from the reaction mixture by 

centrifugation. The catalyst was washed twice with deionized water  to 

remove any residue from the catalytic reaction mixture. The separated 

catalyst was dried in a vacuum desiccator and reused again. In the 

subsequent run, the same amount of 4-NP and a freshly prepared 

NaBH4 were used. The percentage conversion of the 4-NP was 

calculated and compared with the first run.   

Reproducibility test of copper oxide in the reduction of 4-
nitrophenol 
     The catalytic experiments were repeated three times by performing  

the reaction under the same conditions as the model reaction. For each 
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reaction, a fresh catalyst was used to determine the reproducibility of 

copper oxide.  

RESULTS AND DISCUSSION 

Synthesis of 2-acetylpyridine-N(4)-thiosemicarbazone 
ligand and its copper(I) complex 
     The first stage involves the preparation of thiosemicarbazone ligand, 

from thiosemicarbazide.  Thiosemicarbazide was prepared by reacting 

N(4)-(methoxy-phenyl)isothiocyanate with hydrazine monohydrate at 

room temperature for 2 hours. The preparation scheme is shown in Fig. 

1. The resulting product, N(4)-(methoxyphenyl)-thiosemicarbazide 

was then reacted with 2-acetylpyridine in ethanol for 4 hours, as 

decipted in Fig.2 This ligand was characterized using UV-Vis, IR and 

NMR spectroscopies and characterization data were in good agreement 

with the literature values [12]. 

Fig. 1 Scheme for the preparation of N(4)-methoxyphenyl)-
thiosemicarbazide 
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Fig. 2 Scheme for the preparation of 2-acetylpyridine-N(4)-
(methoxyphenyl)thiosemicarbazone 

Having synthesized the ligand, the next stage involves the synthesis of 

the copper(I) complex. The copper source for this reaction is tris-

(triphenylphosphine)copper(I) nitrate, which can be prepared from 

triphenylphosphine and copper(I) nitrate trihydrate, as shown in Fig. 3. 

The characterization data of this complex are consistent with the 

previous reported data [13]. 

P PCuNO3.3H2O+

EtOH,
 Reflux
Stir, 1h.

3

CuNO3

3

Fig. 3 The preparation scheme of  tris-(triphenylphosphine) copper(I) 
nitrate   

The schematic diagram for the preparation of copper(I) complex is 

displayed in Fig. 4. The copper source,  tris-(triphenylphosphine) 

copper(I) nitrate was reacted with the ligand, 2-acetylpyridine-N(4)-

(methylphenyl)thiosemicarbazone in dichloromethane and stirred at 

room temperature for 3 hours. The solvent was removed  under vacuum 

and the product was collected as brown crystals with yield of 78%.  
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Fig. 4. The schematic diagram for preparation of 2-acetylpyridine N(4)-
(methoxyphenyl)thiosemicarbazone copper(I) nitrate 

Characterization of thiosemicarbazone ligand and its 
complex 
   Thiosemicarbazone and its copper(I) complex were successfully 

synthesized and characterized by several characterization techniques, 

elemental analysis (CHN), UV-Visible, Fourier-transform infrared 

(FT-IR), nuclear magnetic resonance spectroscopic (1H-NMR) 

techniques. Both the ligand and its complex are yellow and brown in 

colour respectively, which are similar to the characteristic of other 

common compounds of thiosemicarbazone [14]. The CHN elemental 

analyses data of both ligand and complex are consistent with the 

calculated data, as shown in Table 1.  

Table 1. Elemental analysis of CHN of ligand and its complex 

Elemental  C.  
Found/Calcd 

H.  
Found/Calcd 

N.  
Found/Calcd 

Ligand 60.23/60.00 5.41/5.37 18.69/18.66 

Complex  69.06/69.01 5.03/5.07 5.92/5.96 

     The electronic absorption spectra of both ligand and its complex 

were recorded in a solution of chloroform (10-3 M) in the wavelength 

range of 200 – 800 nm. In the spectra of the free ligand, the band at 255 

nm was assigned to n – π* transitions of thioamide, whilst the 

absorption at 317 nm corresponds to a π – π* transition of the pyridine

ring and azomethine [13, 15]. The absoprtion bands of the complex 

appear at 265 nm owing to n – π*, and the other one at 428 nm 

corresponds to π – π* transitions. By comparing the frequency of free 

ligands and the corresponding copper(I) complexes, the electronic 

transitions of n – π* are shifted to a higher value due to the formation 

of the complexes and coordination of the ligand to the copper. This data 

is consisent with other similar copper complexes [16, 17, 18]. Figure 5

displays the UV-Vis spectra of the ligand and its complex, marked as 

black and red respectively.  

Fig. 5  The UV-Vis spectra of thiosemicarbazone ligand (black) and the 
copper(I) complex of thiosemicarbazone (red).  
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In addition, Figure 6 shows the IR spectra of the ligand and the 

complex, while the IR frequencies of selected groups in both the ligand 

and complex are given in Table 2. The bands observed in the free 

ligand, at 1610 and 1526 cm-1, correspond to ν(C=N) of pyridine (py) 

and azomethine (azo). These bands are shifted to 1584 and 1509 cm-1

in the complex, indicating coordination of azomethine and nitrogen to 

the copper, which is consistent with the other literature data [19, 20]. 

Due to the displacement of electron density from N to Cu atom, this 

leads to the weakening of the ν(C=N), as seen in other works [21, 22]. 

The band observed at 833cm-1 in the free ligand which attributed to 

ν(C=S) was not seen in the spectrum of the complex. A new group 

appeared at lower energy (743 cm-1) indicating coordination of sulphur 

atom to copper [23]. The appearance of bands at 1446 cm-1 and 694 cm-

1 also signify the presence of triphenylphosphine (PPh3) in the complex. 

The absorption band at 1384 cm-1 in the complex indicates the presence 

of free nitrate, NO3, which in agreement with other published works 

[24, 25, 26]. 

Table 2  Selected IR data of the ligand and copper(I) complex 

Compd/Freq. Pyridine (py) 

ν(C=N) /cm-1 

Azomethine 

(azo) 

ν(C=N) /cm-1 

Thio 

ν(C=S) /cm-1 

Ligand 1610 1526 833 

Complex 1584 1509 743 

Fig. 6  The IR spectra of thiosemicarbazone ligand (black) and the 
copper(I) complex of thiosemicarbazone (red). 

       Meanwhile, Figures 7 and 8 portray the 1H-NMR spectra of the 

ligand and complex respectively, while some selected spectroscopic 

data are given in Table 3. The resonance of phenyl protons in the free 

ligand shifted from δH 9.6 to 9.2 ppm in the complex, whilst the peak 

of the imine protons in the ligands moved from δH 9.9 to 12.0 ppm, 

indicating the  coordination of the ligand to the copper. The downfield 

shift of the imine protons of the complex compared to the free ligand is 

attributed to deshielding effect, as the electron density around the imine 

proton decreases upon coordination of the ligand to copper ion [20, 27]. 

In addition, two sharp singlets appeared at δH 3.8 ppm, and 2.5 ppm are 

assigned to methoxy (C-OCH3) and methyl (CH3) equivalent protons 

respectively, in both ligand and complex.   

Fig. 7  The 1H NMR spectrum of the ligand. 

Fig. 8  The 1H NMR spectrum of copper(I) complex. 

Table 3  1H-NMR of ligand and its complex. 

Compd δ(N-NH-
C) /ppm 

δ(NH-
Ar)

/ppm 

δ(Ar-H)
/ppm 

δ(OCH3) 
/ppm 

δ(CH3) 
/ppm 

Ligand 9.9 9.6 6.8-8.8 3.8 2.5 

Complex 12.0 9.2 6.8-7.8 3.8 2.5 

Thermal gravimetric analysis  
     Prior to the calcination of the complex, thermal gravimetric analysis 

was conducted to determine the decomposition temperature. 2.0 g of 

the complex was measured for the thermographic analysis using 4000 

Perkin Elmer model thermographic analyser instrument under a 

nitrogen atmosphere with a heating rate of 10oC min−1 over the 

temperature range from 100 to 900oC. Thermal gravimetric analysis

(TGA) measures weight/mass change (loss or gain) and the rate of 

weight change as a function of temperature, time and atmosphere. 

Measurement is used primarily to determine the thermal composition 

of materials and to predict their thermal stability. The thermal 

properties of the ligand and its metal complex were investigated using 

this method. Figure 9 shows the recorded TGA and differential 

gravimetric analysis (DTA) curves of ligand (a) and copper(I) complex  

(b). Copper(I) complex was heated under a nitrogen atmosphere with a 

heating temperature range of 30 - 950oC, at rate of 10oC/min. The 

thermal decomposition of the ligand and its metal complex showed 

three stages and these were irreversible. The first stage of the TGA 

degradation was from 70 – 170oC, which corresponded to the lost of 

lattice water with the mass loss of 15.0%, while the second stage 

occured in the temperature range between 200 – 300oC,  indicating the 

removal of triphenylphosphine with mass lost of 65.0% associated with 

exothermic peaks at 180oC and 310oC. The final decomposition stage 

occurred between the temperature range of 340 - 620oC, which 

attributed to the free ligand with weight loss of 15.0%, leaving stable 

copper oxide as a residue between 640 - 950oC, consistent with the 

previous data [28, 29]. Ning and co-workers studied the thermal 

stability of  a copper dicarboxylate ligand and they observed that the 

decomposition occurred in three stages. The first stage involved the loss 

of water from  130 - 185oC (Calc. 18.76%). The second weight loss 

happened in the range of 188 to 600oC, which was due to the 

decomposition of an organic ligand (Calc., 59.1%). The final thermal 

product after 450 oC was CuO particles (Calc., 27.6%) [30]. Based on 

this observation, solid state thermal decomposition method provides a 

simple, efficient and inexpensive way of producing copper oxide.   

X-ray diffraction (XRD) of the copper oxide 
     Copper oxide obtained from the thermal decomposition of copper(I) 

complex was confirmed by the characteristic peaks observed in the 

XRD pattern, as shown in Fig. 10. XRD analysis showed intense peaks 

at 35.45o, 35.55o, 38.74o, 38.93o, 48.74o, 51.38o, 58.30o, 61.56o and 

65.84o, which correspond to (-011), (002), (110), (202), (-202), (202), 

(202), (113), (-022) and (113) respectively. The observed diffraction 

reflections were comparable with other literature data [31, 32]. All 

diffraction peaks could be indexed as the typical monoclinic structure 

and no extra diffraction peaks of other phases were observed [28, 30].   
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Fig. 9 The TGA analysis of copper(I) complex. 

Fig. 10  The XRD pattern of copper oxide. 

Catalytic activity of copper-based catalysts in the 
reduction of 4-nitrophenol 
     Reduction of 4-nitrophenol (4-NP) to 4-aminophenol (4-AP) was 

selected as a model reaction to evaluate the catalytic activity of copper-

based catalysts. This reaction provides a straightforward assessment of 

catalysts using the kinetic parameters extracted from the real-time 

spectroscopic monitoring of an aqueous solution by using UV-Visible 

spectrophotometer. In this study, the catalytic activity of copper(I) 

complex and its oxide were evaluated in the reduction of 4-NP at room 

temperature, in the presence of NaBH4, as presented in Fig. 11 below. 

When 4-NP was mixed with NaBH4, the solution became yellowish and 

has a maximum absorbance at 400 nm due to the formation of 4-

nitrophenolate anion. This peaks is very distinctive in the UV-Vis 

spectrum as shown in Fig. 12. Upon the addition of the catalyst, the 

peak at 400 nm was started to decrease whilst a new peak around 300 

nm was appeared at the same time. The new peak at 260 nm was due to 

an absorbance of the reaction product, 4-AP. Time was recorded for the 

complete disappearance of the peak at 400 nm. The time taken for the 

disappearance of the peak at 400 nm is proportional to the catalytic 

performance of the catalyst used.  

      
NO2

HO

NH2

HO

CuO catalyst

NaBH4

Fig. 11 The schematic diagram for the reduction of 4-nitrophenol to 4-
aminophenol, catalyzed by copper-based catalyst. 

Fig. 12 Monitoring the progress of reaction using UV-Vis spectroscopy. 

Fig. 13 shows the reduction of 4-NP by copper(I) complex. Based on 

this graph,  the conversion was measured as 78.2% over 420 min. The 

experiment was repeated by using copper oxide as catalyst and the 

conversion was determined as 98.7% at 16 minutes (see Fig. 14). Based 

on these values, it shows that catalytic activity of copper oxide-derived 

from copper(I) complex was higher than those of the complex.  

Fig. 13 The UV-Vis spectrum of the reduction of 4-NP with copper(I) 
complex. 
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Fig. 14  UV-Vis spectrum of the reduction of 4-NP catalysed by copper 
oxide. 

For quantitative analysis, a calibration curve was constructed with 4-

NP solution.  A linear regression equation of y=24.357x + 0.025 with 

correlation coefficient of 0.997 in the concentration range of 0.01–0.12 

mM was obtained, as shown in Fig. 15. Based on this equation, the 

conversion yield of 4-NP to 4-AP was measured to be 98.7%. A 

reaction rate was measured from the plot between ln (At/A0) versus time 

(sec). Herein, the 4-NP concentrations at time t=0 and time, t were 

expressed as A0 and At, respectively. It was shown that there was a 

linear relationship between ln (At/A0) and time (sec), suggesting that 

the reaction followed a pseudo-first order kinetics with a rate constant 

value of 1.7 x 10-3 s-1 (see Fig. 16). 

Fig. 15 Calibration curve of 4-NP at different concentrations. 

    

Fig. 16  A graph showing ln (At/A0) versus time (s). 

Optimization, recyclability and reproducibility of copper 
oxide  
    Due to the efficiency of copper oxide as a catalyst in the reduction of 

4-NP to 4-AP, further investigations were carried out to determine the 

catalytic properties of copper oxide. In this work, optimization of the 

catalyst amount of copper oxide was done by varying the amount of 

catalyst loading in the reduction experiment. For this purpose, different 

amounts of copper oxide were used in each experiments whilst the other 

reaction conditions were kept constant. The conversions were measured 

for each amount and these data are tabulated in Table 4 below. 

According to the results, the catalytic loading of 1.0 mol% was the 

optimized amount due to its highest conversion, as compared to other 

catalytic amounts. 

Table 4  The optimization copper oxide with different catalyst amount. 

Catalyst amount / mol% Conversion / % 

0.5 96.8 

1.0 98.7 

1.5 95.4 

2.0 89.6 

    The recyclability of the copper oxide for reduction of 4-NP was 

investigated by employing the used copper oxide as a catalyst in the 

successive cycles of reaction. The used copper oxide was collected by 

centrifugation and washed thoroughly with deionized water to remove 

any residues from previous catalytic reactions, so that it can be reuse 

again in the next repetitive runs. These recyclability tests were repeated 

three times, and the results are illustrated in Table 5. Based on the 

results, copper oxide showed a relatively good catalytic activity even in 

the forth cycle, with 91.6% conversion. The slight decrease in the 

catalytic performance may be due to the loss of catalyst mass during 

the catalyst recovery process. Nevertheless, this proves tht copper oxide 

is an efficient catalyst in the reduction of 4-NP and could be reused 

three times without significant decrease in the catalytic activities. 

Table 5  Recyclability test of copper oxide. 

Conversion / % 

First cycle 98.7 

Second cycle 96.9 

Third cycle 94.9 

Forth cycle 91.6 

     

     In addition, the reproducibility test was also performed to evaluate 

the consistency and accuracy of the conversions. This is done by 

repeating the reduction of 4-NP under the same conditions with fresh 

samples of copper oxide in each run. The conversions for each run were 

measured and tabulated in Table 6. The results indicate that copper 

oxide shows a high reproducibilty data with consistent catalytic ativity.  

Table 6  Reproducibility test of copper oxide 

Conversion / % 

First, run 98.7 

Second run 98.4 

Third run 98.8 

Forth run 98.6  

Purification and characterization of product 
     To determine the successful conversion of 4-NP to 4-AP,  the 

product, 4-AP must be purified and characterized. The product was 

purified by a silica gel column chromatography and characterized by  
1H NMR spectroscopy techniques. Fig. 20 shows the proton NMR 

spectrum of the product,  4-aminophenol. The appearance of signals at 

δH 6.49 and 4.39 ppm are due to the aromatic proton and amino protons 

respectively. Meanwhile, the extra two peaks at 3.5 and 2.5 ppm 

correspond to the solvent and residual water respectively. The proton 

NMR of the starting material, 4-nitrophenol is shown in Fig. 21 for 

comparison. The full NMR assignment is illustrated as following and 

these data are consistent with the standard 4-AP [33].  

4-Aminophenol (purified): 1H NMR (400 MHz, DMSO): δH = 8.36   

(s, 1H), 6.47 (d, J = 8.4 Hz, 2H), 6.42 (d, J = 8.4 Hz, 2H), 4.35 (s, 2H). 

4-Aminophenol (standard): 1H NMR (400 MHz, DMSO): δH = 8.37 

(s, 1H), 6.50 (d, J = 8.4 Hz, 2H), 6.44 (d, J = 8.4 Hz, 2H), 4.39 (s, 2H).  
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Fig 17 1H-NMR spectrum of the purified 4-aminophenol. 

Fig 18 1H-NMR spectrum of 4-nitrophenol. 

CONCLUSION 
     A new copper(I) complex of 2-acetylpyridine-N(4)-(methyl 

phenyl)thiosemicarbazone-tris-(triphenylphosphine) nitrate was 

successfully synthesized and charazterized by various spectroscopic 

techniques such as Fourier transform infrared, (FT-IR), UV-visible, 

(UV), proton nuclear magnetic resonance (1H-NMR). Thermal graphic 

analysis (TGA) and molar conductivity were performed to investigate 

the properties of the complex. Solid state thermal decomposition 

technique was successfully employed to convert the complex into 

copper oxide. This method was simple, efficient, solventless, low cost 

and environmentally friendly without using any toxic chemicals. The 

results showed that copper oxide has a higher catalytic activity than the 

complex, with 97.1 and 78.7% conversions respectively. Optimization 

of copper oxide catalyst was performed by varying the catalyst amount, 

0.5, 1.0, 1.5 and 2.0 mol% and the conversions were measured as 96.7, 

98.7, 95.4 and 89.6% respectively. The result indicates that 1.0 mg of 

catalyst was the optimized catalyst loading for the reduction of                

4-nitrophenol to 4-aminophenol. 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.  
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