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Abstract 

The aim of this work was to evaluate the performance of new Co(II) complex as a catalystin catalytic reduction 

processusing 4-nitroaniline as model compound. For this purpose,a new Co(II) complex was synthesized and several 

approaches to the elucidation of its structure such as the elemental analysis, molar conductivity measurement FT-IR, the 

UV–Vis spectrophotometry, magnetic susceptibility measurement, and thermal gravimetric analysis were applied. This 

complex was found to bean efficient catalyst for catalytic reduction of p-nitroaniline.The Catalytic reduction result shows 

fast reduction in presence of Co(II) complex (70.6%) after 15 min. 
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1. Introduction 

Nitroarenes are a widely organic pollutant in waste 

water. Thus, the removal of nitroarenes is evermore an 

important issue. Various processes have been developed, 

including adsorption, photocatalysis, electrochemical 

treatment,the electro-Fenton method, electrocoagulation, 

catalytic hydrogenation, etc. Also, nitroaniline 

derivatives have been used as a precursor in the chemical 

synthesis of azo dyes, antioxidant compounds, poultry 

medicine, antiseptic agents, etc.  However, avoiding the 

use of organic solvents, the improvement of suitable 

processes for removing nitroarenes in aqueous media 

under mild conditions is still needed [1-4]. The reduction 

of p-nitroaniline to p-phenylenediamine is a valuable and 

important chemical reaction. Especially, p-

phenylenediamine is widely used to prepare of industrial 

chemicals such as thermoplastics, textile fibers, 

conducting polymers, and rubber antioxidants. Various 

metals and metal oxide nanoparticle composites have 

been used for the reduction of p-nitroaniline [5-8]. The 

catalytic reactivity of the synthesized compounds powder 

was tested for the reduction of 4-nitroaniline to 4-

aminoaniline using NaBH4 as the reducing agent at room 

temperature. This reaction has also been used earlier to 

examine the catalytic activity of different synthesized 

compounds. 

2. Experimental section 

2.1. Chemicals used   

All used materials were bought from Fluka, Prolabo and 

Sigma Aldrich Companies and are used without further 
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purification. 

2.2. Apparatus 

Elemental analyses (Elemen. Analy. -Vario EL Fab. 

CHNS Nr.- 11042023) was used to determine the content 

of carbon, hydrogen, and nitrogen, Infrared spectra were 

recorded as KBr disc use a FTIR-IR prestige 21 covering 

the frequency range 400-4000 cm-1. Perkin Elmer 

analyzer equipment’s-Shimadzu was used for thermal 

study from 50 to 1000 OC under a nitrogen air flow of 50 

mL min−1 and a heating rate of 10 OC min−1. Melting 

point measurements were recorded using 

GALLENKAMP melting point apparatus.Molar 

conductance measurement (1x10-3 M in DMF solvent) 

was measured at ambient temperature by JENWAY 3450 

pH & Conductivity meter (JCM-3450). 

2.3. Synthesis of the catalyst 

The metal salt selected for the synthesis of metal 

complex under study is cobalt chloride hexahydrate 

(CoCl2.6H2O). A general procedure was followed for the 

preparation of thecomplex as: An equimolar ratio of an 

aqueous solution of cobalt chloride was added dropwise 

to an ethnolic solution of HL under stirring at room 

temperature (ligand: metal) (1:2). After complete 

addition, the reaction mixture was refluxed for 4h with 

constant stirring on a water bath whereupon the complex 

precipitated. The precipitated solid was filtered, washed 

several times by ethyl alcohol then diethyl ether and 

finally dried in vacuum desiccators over anhydrous 

CaCl2. 

2.4. Catalytic activity test 

In a typical experiment, 25 ml of 0.05 M NaBH4 aqueous 

solution was mixed with 1 ml of 1 mM 4-nitroaniline 

aqueous solution and catalyst (0.01gm) in around bottom 

flask. To study the trend of reduction of nitro groups,3 

mL of this suspension was sampled at different time 

intervals and after removal of the catalyst, was 

monitored using UV–Vis spectrophotometer [9,10].  
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3. Results and discussion 

The synthesis of the new Co(II) complex was carried 

outusing a common procedureby the reaction of a 

stoichiometricamount of the ligand, L with the selected 

metal ion. The analytical data of Co(II) complex reveal 

that thereactions between metal ion and the ligand are 

performedin 2:1 (M:L) molar ratio. Some physical 

properties and analytical data of the complex were 

summarized in Table 1. 

Table 1: Analytical data and some physical properties of 

Co(II) complex 

 

3.1. Molar conductance measurements 

The molar conductivity measurement for 1×10−2 M 

ofCo(II) complex in DMSO at room temperature, 11.62 

-1mol-1cm2,indicates that thiscomplex is non-

electrolytes[11]. 

3.2. Infrared spectra investigation 

The IR spectra ofCo(II) complex show a shift of the 

υ(C=N) to lower frequencycompared with the free ligand 

band at 1620 cm-1. This shift indicates coordination of 

the azomethinegroup to the metal ions [12]. The υ(C=O) 

is shifted to lower wave numbers in Co(II) complex 

suggests the weakening of (C=O) and formation of 

stronger (M-O) bond as a result of the coordination of 

carbonyl oxygen to the metal ions [13]. The appearance 

of non-ligand bands of medium intensity at 548 cm-1 in 

assigned to υ(M–N) strengthened the linkage of metal 

and nitrogen of azomethine group and bands of medium 

intensity at 602 cm-1 is attributed to υ(M–O) [14].  

3.3. Electronic spectraand magnetic behavior of the 

metal complex 

Appearance ofonemain absorption band in the electronic 

spectra of Co (II) complex at 530 nm assigned to the 

transition4A2(F) →
4T1(P) suggesting tetrahedral 

geometry about the Co (II) complex. Additionally, the 

value of the molar magnetic susceptibility measured at  

 

 

 

 

 

 

 

 

 

room temperature confirm the tetrahedral geometryof Co 

(II) complex[15,16]. 

3.4. Thermal study (TG/DTG) study 

From TG / DTGthermogram Fig.1, the mass loss was 

calculatedfor the different steps of decomposition 

process and compared with those theoretically 

calculatedfor the suggested formulae. Co(II) complex 

have hydrated water molecules where they are start to 

decompose at 35 OC.  The decomposition process for 

Co(II) complex includes complete degradation and 

evaporation of organic ligand through four steps and the 

end product of decomposition process is carbon and 

metallic residue. 

 

 

Figure 2:TG-thermograme of Co(II) complex 

3.5. Catalytic reduction of 4-nitroaniline 

The catalytic activities of synthesized compound for the 

4- nitroaniline reduction was observed by monitoring the 

color change of 4-nitroaniline from yellow to faded, and 

monitored the decrease of absorbance at 300-500 nm. 

Presence of the p-PDA can further be confirmed with the 

appearance of the peak near 305 nm [17]. The reduction 

of 4-nitroaniline to 4-phenylenediamine without catalyst 

is quite slow, wearers in presence of catalyst the 

reduction percent was found to be 70.6%.The percent 

reduction as a function of time in the presence of 

Co(II)complex is shown in Fig2. 
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Figure 2: Time required for treduction of 4-NA in 

presence of Co(II) complex. 

Conclusion 

In conclusion, Co(II) complex was designed and 

synthesized to apply as a catalyst for reduction of 4-

nitroaniline into 4-aminoaniline. This complex showed a 

results make it a suitable for environmental applications. 
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