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Abstract 

Dimeric disulphide Schiff bases were synthesized via reactions of 2,2’-diaminodiphenyl disulphide with various 

aromatic aldehydes under reflux and prepared nano‐sized cerium oxide as catalyst. It was observed that, when 

nanocatalyst was used, the catalyst could be reduced the reaction time and increased yields compared with the 

none-catalyst conditions. Moreover, the CeO2 nanocatalyst was easy preparation, non-hazardous, eco-

friendliness and low cost. The morphological features of CeO2 nanocatalyst were characterized by X-ray 

diffraction (XRD), scanning electron microscopy (SEM), energy dispersive X-ray (EDX). The structures of 

ligands were illuminated some techniques such as fourier transform infrared (FT-IR), nuclear magnetic 

resonance (NMR) spectroscopy and thermogravimetric analysis (TGA) / differential thermal analysis (DTA).  
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1 Introduction 

Lanthanide oxide nanoparticles have been received 

considerable importance in synthetic chemistry owing 

to their specific features including high surface areas, 

high dispersion property, physical and chemical          

stability, non-toxicity and cost-effectiveness [1-4].          

In this context, lanthanide oxide nanocatalyst have      

received a great deal of attention as they are cheap 

and easily obtainable and high catalytic activity [4] 

reused for  several cycles, easily separable from the 

reaction mixtures. Among the various lanthanide ox‐

ide nanoparticles, cerium oxide-based catalysts are 

widely used as effective oxidation systems due to their 

unique properties such as redox, oxygen release and 

storage abilities [5-8]. 
 

Compounds that contain disulphide bonds in their    

structure, such as the dimeric disulphide Schiff bases, 

which are biologically and pharmacologically active 

molecules [9-12]. There has been a growing interest in 

recent years toward the crystal structures and synthe‐

sis of these molecules owing to their various biologi‐

cal,   pharmacological such as a antibacterial [13, 14], 

antifungal, antimicrobial [15], antitumor, anti-oxidants 

[14, 16], electrochemical [17-19], optical [20] proper‐

ties. 

 

In this study, we focused on efficient method and 

catalytic activity of cerium oxide nanoparticles for the 

synthesis of dimeric disulphide Schiff bases. The pre‐

pared nanocatalyst was identified by XRD, SEM, EDX, 

FT-IR and Raman spectroscopy. Also the synthesized 

ligands were characterized by FT-IR, 1H and 13C NMR 

spectroscopy and TGA / DTA.   

2 Experimental 

2.1 Materials and Methods 

Ce(NO3)3 6.H2O (Acros), 2-aminothiophenol (Merck),  

5-bromo-2-hydroxy benzaldehyde (Merck), NaOH 

(Merck), EtOH (Merck), dimethyl sulfoxide (DMSO) 
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(Merck), chloroform (Merck), 2-hydroxy-                               

1-naphthaldehyde (Sigma Aldrich) were used without 

further purification.  

 

The synthesized CeO2 nanoparticles were subjected to 

X‐ray diffraction studies [using a Panalytical diffrac‐

tometer and a Cu Kα radiation source] to determine 

the crystal phase composition. The  formation and 

elemental compositions of CeO2 nanoparticles were 

confirmed by scanning electron microscopy/an energy 

dispersed X‐ray analysis which was carried out using 

FEI Quanta FEG 250. The infrared spectra of the sam‐

ples were determined on Perkin Elmer Spectrum ATR 

in the range 4000 to 400 cm−1. TGA/DTA curves were 

obtained using a             Schimadzu DTG-60H instru‐

ments. The heating rate was 10 °C/min. 1H NMR and 
13C NMR were recorded on Bruker 400 MHz, 100 MHz 

spectrometers. 

2.2 Preparation of CeO2 Nanocatalyst 

0.002 mmol of Ce(NO3)3 6.H2O was dissolved in 15 ml 

of distilled water and then 0.3 M NaOH solution were 

added slowly drop by drop into Ce(NO3)3 6.H2O solu‐

tion with magnetic stirrer until the mixture              

immediately turned into a pale yellowish. As seen in 

Figure 1, the obtained solution was centrifuged for 20 

minutes, washed several times with distilled water 

and eventually dried at 300 °C for 3 hours. 

 

Figure 1. Schematic representation of the formation of CeO2 

nanoparticles by hydroxide mediated approach. 

2.3 Synthesis of Schiff Bases 

2.3.1 Synthesis of Schiff Bases without Catalyst 

Ligands L1-L2 were synthesized by mixing a solution 

of   2,2’-diaminodiphenyl disulphide  (1 mmol)  and 

aromatic aldehydes (2 mmol) in absolute ethanol [21]. 

The reaction mixture was refluxed at room tempera‐

ture and the   progress of the reaction was monitored 

by thin layer chromatography (TLC). After completion 

of the reaction, the reaction mixture was filtered and 

then recrystallized in DMSO to afford pure product. 

2.3.2 Synthesis of Schiff Bases with Nanocatalyst 

 2-aminophenyl disulphide (1 mmol) was dissolved in 

ethanol, followed by addition of aromatic aldehydes     

(2 mmol). The CeO2 nanocatalyst was added to the 

reaction mixture and the reaction mixture was stirred 

until completion of the reaction. After the reaction was    

completed, the nanocatalyst was separated, washed    

several times with ethanol and then dried in oven. 

Thio Schiff base was washed with chloroform and 

then dried. The obtained ligands were purified by 

recrystallization from DMSO, as seen in Figure 2. 

 

Figure 2. The synthesis of Schiff bases catalyzed by 

CeO2 nanoparticles. 

3 Results and Discussion 

The images of obtained ligands were indicated in  

Figure 3. While the color of L1 ligand has an orange, L2 

has a bright yellow. Furthermore, the melting points 

of the ligands for L1 and L2 were 210 °C and 182 °C,            

respectively. 

 

Figure 3. The images of obtained L1 and L2 ligands. 

Table 1. Comparison of reaction parameters (reaction time, yield) and NMR data of L1 and L2 . 

        Product Reaction Time 

Method A*   Method B **                     

(minute) 

Yield 

Method A*   Method B** 

(%) 

1H and 13C  NMR data 

(δ, ppm) 
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L1 

           

 

  

    240 

 

  

 15 

 

 

75             95 

1H NMR (400 MHz, CDCl3) δ 14.96 (s, 1H), 9.44 (s, 1H), 

8.19 (d, J = 8.5 Hz, 1H), 7.89 (d, J = 9.1 Hz, 1H), 7.81 (d, J = 

7.9 Hz, 1H), 7.73 (d, J = 7.8 Hz, 1H), 7.57 (t, J = 8.3 Hz, 

1H), 7.43 – 7.37 (m, 1H), 7.26 – 7.20 (m, 4H) ppm. 

13C NMR (100 MHz, DMSO): δ 164.8 , 158.7, 145.1, 136.1, 

132.6, 129.4, 128.9, 128.6, 128.0, 127.6, 127.4, 127.2, 123.7, 

120.8, 119.9, 119.0, 109.4 ppm. 

 

 

L2 

 

 

 

 

    360 

 

  

 15 

                                

 

87          98                 

1H NMR (400 MHz, CDCl3) δ 12.85 (s, 1H), 8.55 (s, 1H), 

7.66 (dd, J = 7.7, 1.4 Hz, 1H), 7.53 (d, J = 2.3 Hz, 1H), 7.48 

(dd, J = 8.8, 2.3 Hz, 1H), 7.30 – 7.19 (m, 2H), 7.16 – 7.10 

(m, 1H), 6.96 (d, J = 8.8 Hz, 1H) ppm. 

13C NMR (100 MHz, CDCl3) δ 161.4, 160.1, 146.2, 136.2, 

134.5, 131.7, 128.0, 128.0, 128.0, 120.5, 119.5, 117.7, 

110.6ppm. 

*catalyst-free condition, **CeO2 as a nanocatalyst. 

3.1 Phase Identification by XRD 

The XRD pattern was used to determine the crystal 

phases of the synthesized CeO2 nanoparticles. The         

X-ray pattern of the synthesized sample was              

depicted in Figure 4. The presence of CeO2 could be 

confirmed by the characteristic reflection peaks at 2θ 

of 28.53°, 33.08°, 47.43°, 56.41°, 58.89°, 69.51°, 76.75°, 

78.69°, 88.66° which were indexed as (111), (200), (220), 

(311), (222), (400), (331), (420) and (422) respectively. 

All the diffraction peak in the CeO2 pattern corre‐

sponds well to the single phase body centered cubic, 

and it is in a good agreement with the pattern JCPDS 

file no 98-026-2755. The CeO2 the lattice constant of 

CeO2 is a=b=c=5.403 Å. The cell volume and space 

group of CeO2 was 157.69 (Å)3 and Ia-3d, respectively 

The data were obtained with JCPDS file no 98-026-

2755. No characteristic peak of impurities was detect‐

ed in the XRD patterns.  

 

Figure 4.  XRD pattern of prepared CeO2 nanoparticles. 

 

3.2 Microstructural Characterization 

The SEM images proved that particles of sample were 

approximately spherical in shape and their size          

distribution was uniform with the particle size in         

nanoscale. In addition, the particle sizes of CeO2 were 

observed to 18-37 nm based on SEM images, as seen in 

Figure 5. 

 

 

Figure 5. SEM images of  CeO2 nanoparticles. 

The structural composition of prepared CeO2                

nanoparticles were examined by EDX as indicated in 

Figure 6. EDX proved that there were no other ele‐

ments out of cerium and oxygen atoms. According to 

the EDX spectrum, prepared CeO2 nanoparticles were 

pure and had not free of any surfactant or impurity. 
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Figure 6. EDX image of  CeO2 nanoparticles. 

3.3 Spectroscopic Characterization 

As seen in Figure 7, the infrared spectra of the ligands 

(L1-L2) exhibited characteristic strong intensity bands 

in the region of 1620-1609 cm−1 which were assigned to 

azomethine group ν(C=N) stretching frequency.        

Moreover the bands attributed to ν(Ar-C=C) at 1460, 

1462 cm-1; ν(Ar-C-O) at 1243, 1276 cm-1; and ν(C-S) at  

743, 735 cm-1 were appeared, respectively. The       

characteristic frequency of disulphide bonds v(S-S) 

was appeared at 579 and 557 cm-1, respectively. When 

the Figure 7 (b) was examined, ν(C-Br) peak was   

observed at 624 cm-1. 

 

 

Figure 7. The FT-IR spectra of (a) L1 and (b) L2 ligands. 

According to the 1H NMR spectra of ligands (L1-L2), 

the hydroxyl protons appeared as a singlet at 14.96 

and 12.86 ppm corresponding to the phenolic –OH,                   

respectively. The azomethine proton (-HC=N) of the     

ligands resonated as a sharp singlet signal at 9.43 (for 

L1) and 8.53 (for L2) ppm. Furthermore, the multiple         

signals between 8.19 and 7.10 ppm with different mul‐

tiplicity and coupling constants suggested the                 

attribution of the protons of aromatic benzene rings. 

All of the protons were found to be in their expected 

region and numbers and were compatible with litera‐

ture values [22].  

According to the signals for the 13C NMR of the Schiff 

bases, azomethine carbon resonances were observed 

in the range 160.1-158.7 ppm. Furthermore, the 13C 

NMR data confirmed the structures as indicated in 

Table 1.  

 

The stability of the prepared CeO2 nanoparticles was 

determined using TGA with flow rate N2 of 50 mL per 

minute. As shown in Figure 8 (a), the thermogram of     

CeO2 nanoparticles showed that a mass loss between 

120 °C and 250 °C was associated with the hydration 

due to loss of water. Above 200 °C, no weight loss was 

observed and then it was thermally stable.                         

The ligand (L1) was stable about 210 °C and its                

decomposition started at this temperature. According 

to the DTA curve, the endothermic peak was observed 

due to the melting process of the ligands (for L1) in the 

range of 216–220 °C and other (for L2) in the range of 

180–200 °C. The thermograms of ligands indicated 

that the decomposition of the ligands had one step 

and their weight loss was about 80 percent. The melt‐

ing point of the synthesized ligands was compatible 

with TGA analysis. 
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 Figure 8. TGA / DTA diagrams of as-prepared (a) CeO2           

nanoparticles, (b) L1 and (c) L2 ligands. 

4 Conclusions 

In summary, dimeric disulphide Schiff bases were      

successfully prepared by both catalyst free condition 

and CeO2 nanoparticles as a catalyst. The prepared 

CeO2 nanocatalyst was an efficient and recyclable       

catalyst and its catalytic effect towards to synthesis of 

Schiff bases were investigated. The structure features 

of CeO2 nanocatalyst were characterized by           

microscopic and spectroscopic methods. 
 

The salient features of the present method are shorter 

reaction time, mild reaction conditions, reusability of 

the catalyst, easily available reagent and applicability 

to a wide range of ligands. In comparison with the       

catalyst‐free condition, the reaction rate and yield 

were increased when the reaction was carried out in 

the presence of the catalyst.  
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