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Abstract: An efficient reduction procedure for the synthesis of arylamines 2(a-h) from aryl nitro 

compounds 1(a-h) by nanocrystalline cadmium sulphide (CdS) as catalyst under hydrochloric acid 

solution at 80-90 oC has been developed. The worldwide availability, larger scale synthesis, higher 

yields and shorter reaction times are the advantages of the present method. 
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Introduction  

Optimizing yield is important in traditional chemical synthesis but other issues need to be 

addressed including minimizing number of steps, simplicity, waste, atom efficiency, energy 

usage, safety and whether the chemistry is environmentally acceptable. Reducing the use of 

organic solvents can minimize the generation of waste, which is a requirement of one of the 

principle of green chemistry. Organic solvents are conventionally used in chemical synthesis 

in R&D and in industries processes on a large scale for heat transfer and controlling 

chemical reactivity. However, there are serious safety issues and costly technologically 

challenging demands associated with containing volatile material. Greening of chemical 

synthesis is formidable challenge and often requires a multi disciplinary approach. In recent 

years, the synthesis of nano crystalline oxide materials has been a focal point of research and 

developmental activities in the area of nano materials owing to the quest for their various 

technological applications
1,2

. 

 Chalcogenoids has attracted significant interest and still is the subject of intense 

investigation owing to their important non linear properties Luminescent properties, quantum 

size effects and other important physical and chemical properties
3-7

. Among these, CdS is the 

most interesting owing to its high photosensitivity, that makes them a promising candidate for 

the detection of visible radiations, enhancing efficiency of solar cells, in LEDs as sample 

photoconductor in optoelectronic devices
8
 and a number of biological applications

9
. 
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 Aryl amines are synthetically important compounds which act as precursors to the 

synthesis of many interesting molecules, and can be readily synthesized from aryl nitro 

compounds via countless reduction methods. The most general methods involve activated 

metal catalysis
10

 and transition metal catalyzed hydrogenation
11

, although the latter often 

employs harsh reaction conditions affecting other reduction sensitive functionalities such 

as halides, ketones, aldehydes, esters and nitriles in addition to the nitro substituent. The 

selective reduction of aryl nitro compounds using iron powder and dilute acid
12

 or 

stannous chloride
13

 have been reported as efficient methods for the synthesis of aryl 

amines in good yields. However notable disadvantages to these methods include high 

reaction temperatures, relatively long reaction times. 

 Following, our interest to developed simple, eco-efficient and environmentally friendly 

procedure for the synthesis of aromatic amines from nitro arenes by nanocrystalline CdS in 

the presence of hydrochloric acid solution. In this note also we demonstrated the synthesis 

and characterization of CdS nanoparticles. 

Experimental 

All chemicals used in our experiments were reagent grade and used without further purification. 

The morphology and structure of the CdS nanoparticles and products were determined by the x-

ray diffraction (XRD), FT-IR, UV-Visible spectrophotometer, SEM and DSC. 

Synthesis of CdS nanoparticles 

In a typical solid state reaction, 5.14 g of CdCl2.H2O and 2 g of Na2S were taken and ground for 

10 min each in a clean agate pestle-mortar then, these were mixed together in a cleaned agate 

mortar and ground for 30 min to get homogeneity. The orange products were washed several 

times with de-ionized water and with ethanol to remove waste materials then filtered. Finally, the 

products were calcinated at 60 
o
C, 100 

o
C, 140 

o
C and 180 

o
C

 
 for 6 h named as CdS-1, CdS-2, 

CdS-3 and CdS-4 respectively. Finally, the products were collected and dried under vacum.  

Synthesis of aromatic amines from nitroarenes 2(a-h) 

To a solution of CdS nanoparticles (0.15 mmol) in 20% HCl (2 mL) a solution of nitro 

arenes 1(a-h) (0.1 mmol) was added slowly at room temperature (Scheme 1). The reaction 

mixture was refluxed at 80-90 
o
C for appropriate times (the reaction was monitored by 

TLC). After completion of reaction, the mixture was cooled to room temperature, 

neutralized with dil. NaOH, then extracted with CHCl3 as solvent and dried over 

anhydrous Na2SO4. The CHCl3 was removed under vacuum to yield corresponding 

aromatic amines 2(a-h) with good yields. 

 

                               1(a-h)              2(a-h) 

Scheme 1 

Results and Discussion 

Detailed studies on the reaction of aromatic nitro compounds 1(a-h) with CdS nanoparticles 

to form substituted aromatic amines 2(a-h) have shown that this reduction reactions are  
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influenced to a considerable extent by the reagent as shown in Table 1. A comparison of the 

catalytic effect of nano CdS particles with various sizes were reported in Table 2. As can be 

seen in the table, nanocrystalline CdS particles (CdS-4) with size 2.5 nm displays a 

substantial activity in the reduction reaction than the other CdS nanoparticles (CdS-1, CdS-2 

and CdS-3) under the same condition. Therefore, in this regard, the nanocrystalline CdS-4 

should be having more reactive sites than other CdS nanoparticles and consequently higher 

agent activity. In addition to the above mentioned and with attention to the special structure 

of nano crystalline CdS, it seems that the organic species should be able to diffuse faster on 

the surface of this solid agent rather than the other sized CdS nanoparticles.  

Table 1. Analytical data of synthesized aromatic amines 2(a-h) 

Table 2. Survey of nanocatalyst effect in the reaction for 2b 

Entry Reagent Time, h Yield, % 

1 CdS-1 2.5 56 

2 CdS-2 2.2 65 

3 CdS-3 1.8 72 

4 CdS-4 1.5 78 

Compd. Reactant Product 
Time, 

h 

M.P/ B.P (
0
C) 

found /reported 

[Ref] 

Yield,     

% 

 

2a 
  

 

2.0 

 

182-184/184-186
[14]

 

 

87 

 

2b 
  

1.5 Yellow Oil
[15]

 78 

 

2c 

  

1.8 102-103/104-106
[16]

 75 

 

2d 

  

0.5 65-67/63-65
[17]

 84 

 

2e 
  

1.0 146-148/142-146
[17]

 70 

 

2f 

   

0.5 188-190/187-188
[17]

 79 

 

2g 
  

1.5 70-72/72-76
[17]

 72 

 

2h 
  

2.0 201-203/205-206
[17]

 82 
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Characterization of CdS nanoparticles 

X-Ray diffraction 

The powder x-ray diffraction patterns for CdS nanoparticles were recorded on a Bruker        

x-ray diffractometer with CuKα radiation (λ= 1.5414 
o
A) with 2θ ranging from 10

o
 to 90

o 
at 

the speed of 10
o 

per minute. X-ray diffraction pattern provides the information about the 

crystalline phase as well as the crystallite size. Broadening of the peak indicate the fine size 

of the nanoparticles, the powder XRD patterns recorded for prepared CdS nanoparticles 

calcinated at 60 
o
C 100 

o
C, 140 

o
C and 180 

o
C for 6 h are named as CdS-1, CdS-2, CdS-3 

and CdS-4 respectively with the 2θ values about 26
o
, 44

o
 and 52

o
 for cubic system (FCC) 

with (111), (220) and (311) planes as shown in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. X-ray diffractrograms of CdS nanoparticles 

UV-Visible spectroscopy 

The most dramatic property of semiconductor is the size evolution of optical absorption 

spectra. Hence, UV-Visible absorption spectroscopy is an efficient technique to know the 

optical properties of quantum sized particles. The optical absorption spectra of CdS 

nanoparticles recorded between 300 to 700 nm as shown in Figure 2a. 

 It is observed from the UV-spectra that the shifting of the optical absorption towards 

lower wavelength (Blue shift) due to the reducing the particle size from CdS-1 to CdS-4 

which confirms the results of the XRD. Also it is evident that for CdS nanoparticles, the 

relation between the mean size and the onset absorption wavelength is related by Henglein’s 

empirical formula. 

e
R

λ0002345.01338.0

1.0
2

−
=  

 Where λe is the wavelength of absorption onset and R is the size of the nanoparticles. 

The calculated size of the CdS nanoparticles by Henglein’s formula is also closely agreed 

with the size of the nanoparticles calculated from XRD pattern using Scherrer’s formula. 
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Figure 2a. UV Visible spectra of CdS Nano particles 

 

Figure 2b. EDAX of CdS nanoparticles 

Scanning electron microscopy 

SEM images Figure 3a, 3b & 3c of CdS nanoparticles revealed that the nanoparticles were 

agglomerated spherical in shape due to the quantum confinement of the nanoparticles as 

shown in Figure 3(a-c). 

Differential scanning calorimetry 

Analysis of differential scanning calorimetry (DSC) curves shows that the oxidation process 

for all CdS nanoparticles calcinated at different temperatures shows two weight loss regions. 

All the endothermic peaks revealed that the initial weight loss in temperature range below 

200 
o
C mainly corresponds to evaporation of residual solvent (water). The initial weight 

losses were decreased from CdS-1 to CdS-4 of DSC curves as shown in Figure 4 with long 

range due to the increase in calcination temperature as well as reducing the particle size and 

the secondary weight loss exhibited at almost same temperature. 

300 350 400 450 500 550 600 650 700 750

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

o
b

s
o

rb
e

n
c
e

wavelength in nm

CdS(1)

CdS(2)

 CdS(3)

Wavelength in nm 

A
b

so
rb

an
ce

 

        CdS(4) 



Chem Sci Trans., 2016, 5(4), 955-961                               960 

 
 

 

Figure 3. SEM micrograms of CdS nanoparticles 

 
Figure 4. DSC curves of CdS nanoparticles 

Conclusion 

In conclusion, we have shown that a variety of nitro compounds were reduced efficiently to 

their corresponding amines by the CdS nanoparticles with various sizes under acidic 

conditions. Herein, we also synthesized and characterized by UV, XRD, SEM and DSC 

techniques. 

(a) 
(b) 

(c) 
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