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Abstract - In the present investigation, the cadmium sulphide (CdS) nanoparticles are synthesized in the 

normal gravity i.e. 1 g (called as control) and in simulated microgravity (called as SMG). The SMG was 

created by using an instrument called Random Positioning Machine (RPM). Cadmium sulfide 

nanoparticles were synthesized by using standard chemical method under normal gravity (1 g) and 

simulated microgravity conditions. The synthesized CdS nanoparticles were characterized by Ultraviolet 

Visible spectroscopy, Fourier Transform Infrared Ray spectroscopy (FTIR), X-ray diffraction (XRD). 

The UV-visible absorption spectrum of CdS nanoparticle solution showed a distinct absorption peak at 

472.19 nm in control and 458.26 nm in SMG. The band gap calculated from the absorption edge for 

microgravity sample was 2.71 eV and for control sample was 2.63 eV.  The crystalline size of CdS 

nanoparticles synthesised in control and Micro-g was determined by XRD. Obtained results showed 

smaller the particle size in microgravity sample (10.78 nm) as compared to control sample (13.89 nm).  
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1. Introduction 

The fabrication of nanoparticles with desired sizes and shapes has propelled nanotechnology into most 

promising and popular fields of scientific research. Development of improved methods for the synthesis 

of different metal or semiconductor nanoparticles is of high priority for the advancement of material 

science and technology [1]. The CdS nanoparticles show unique physical, chemical and structural 

properties from the bulk. Bulk CdS has band gap 2.42 eV at 300 K with absorption maxima at 515 nm [2, 

3]. It can attain three types of crystal structures namely wurtzite, zinc blend and high-pressure rock-salt 

phase. Due to high stability, excellent physical, chemical and structural properties, availability, ease of 

preparation and handling, CdS nanomaterials can be exploited in various fields of life. Various methods 

have been employed for the synthesis of CdS nanoparticles, chemically as well biologically.  

Microgravity refers to the condition where gravity seems to be very small. Microgravity, sometimes 

called “zero gravity” is the condition in which objects appear to be weightlessness, can be achieved in 

space or on Earth by putting an object in the state of free fall. However, recent developments in space 

science have made it possible to investigate the effect of microgravity on Earth without going into actual 

space. Microgravity simulation by means of continuous change in orientation of objects relative to the 

gravity’s vector can generate effects comparable to the effects of true microgravity when the changes are 

faster than the objects response time to gravity. These orientations can be changed with the help of an 

instrument called, clinostat. Depending on the direction of rotations, there are three categories of clinostat 

1-D, 2-D and 3-D clinostat. The 3D random rotations with the help of Random Positioning Machine 

(RPM) could provide a better simulation of the weightlessness condition as compared to the classical 2D 

clinostat [4]. 

Altered gravity (micro and hyper) techniques were mostly used to understand the role of gravity in 

functioning of biological systems such as plants [5-8]. However, use of these techniques for 

understanding the role in material science is very limited. In the present investigation, the CdS 

nanoparticles were synthesized by using standard chemical method under normal (1 g) and simulated 

microgravity conditions and the effects were observed on band gap and particle size of synthesized CdS 

nanoparticles with the help of spectroscopic techniques. 

2. Experimental Procedure 

2.1 Materials 

The starting materials used for the synthesis of CdS were Cadmium chloride (CdCl2), thiourea and 

Sodium sulphide and precitating agent methanol. All the reagents were of analytical purity. Distilled 
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water was used throughout the experiment which was conducted under air atmosphere. Same materials 

are used in microgravity process. 

2.2 Synthesis 

Two mM Cadmium Chloride was added in 100 ml distilled water. The solution was stirred with the 

helped of magnetic stirrer for 10 min. 18 mM Thioglycerol was then added with the help of micropipette 

and the solution was stirred for another 10 min (drop by drop). 30 mM Sodium Sulphide added with 

stirred for next 20 min (30 mM Sodium Sulphide + 50 ml distilled water). The precipitate                              

obtained by using precitating agent methanol. 25ml methanol was added drop by drop with the help of 

burette in the solution for another 20 min as shown in figure 1a. For synthesis the CdS nanoparticles in 

simulated microgravity (SMG) the same procedure was repeated with all mixture placed in RPM 

machine for 1 hour as shown in figure 1b. 

Both the solutions were kept for overnight at room temperature and centrifuged at 10000 rpm for 10 

minutes. The chemical reaction is as follows: 

CdCl2 + Na2S     CdS + 2NaCl 

After synthesis, CdS nanoparticles were characterized with UV-Vis spectroscopy, X-Ray diffraction and 

FTIR spectroscopy to extract the information such as band gap energy, particle size and molecular 

changes, if any.  

 

Figure 1. Experimental set up for synthesis of CdS nanoparticles under a) Control and b) SMG. 

3. Result and Discussions 

3.1  UV-Vis Spectroscopy 

UV-visible absorption spectrum recorded by U-2000 Hitachi UV-visible spectrophotometer the as-

prepared particles. The UV–Visible absorption spectrum of the cadmium sulphide nanoparticles were 

calculated using following formula, 

 
Where, E is energy, h is Plank’s Constant=6.626 x 10

-34
 m

2
kg/s, c is velocity of light=3 x 10

8
 m/s, λ is 

wavelength. The tangent drawn at the absorption edge gives the absorption wavelengths peak at 472.19 

nm in control (1 g) and 458.26 nm in microgravity (SMG) samples respectively. The band gap was 

calculated by using Tauc method. The band gap of control and microgravity samples were 2.76 eV and 

2.80 eV respectively.  

3.2 X-ray diffraction 

All prepared samples were characterized by powder X-ray Diffraction (XRD). Data were nanoparticles 

are as shown in Figure 3. The precipitate has to be obtained by using collected on a SIEMENS D5000 X-

ray diffractometer with monochromatic Cu-Kα (λ = 1.5405 A°) radiation filter in the 2θ range 5
o
 - 80

o
. 

The average crystalline size of CdS nanoparticles were calculated using Scherrer’s formula, , 

where, d is the mean size of the ordered (crystalline) size, λ is X-ray wavelength, β is FWHM, and θ is 

a) 
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Bragg angle [9]. The average crystalline size for control sample and microgravity sample are 13.89 nm 

and 10.78 nm respectively. The recorded XRD patterns are shown in Figure 3. 

 
 

 

Figure 2. UV-Vis spectroscopic analysis Control and SMG samples. Figure a) and b) shows UV spectra and 

Tauc plot of control sample and Figure c) and d) shows UV spectra and Tauc plot of SMG sample respectively. 

  

 

Figure 3. X-ray diffraction analysis of a) control and b) SMG samples. 
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3.3 FTIR analysis 

The FTIR is used to study the purity and composition of the synthesized products. It is used to determine 

the functional groups and types of bonds present in the system [10]. The FTIR spectra could be explained 

by various peaks (Figure) obtained by the sample. Table 1 and 2 contains the explanation of the peaks 

obtained by all the synthesized CdS nanoparticles in control 1g and in simulated microgravity. The 

spectrum of the CdS in the control gravity and in the simulated microgravity exhibits at 3 strongly 

absorption peaks at the 602.25, 1024.96, 1634.40, 3297.53 cm
-1

 in control and 595.08, 1011.63, 

1630.30, 3355.74 cm
-1

 in SMG samples for N-H, C O, C-H (or C-X) stretching frequencies 

respectively. The strong absorption at 1645 and 3297 (for control), 1630 and 3355 (for simulated 

microgravity) that correspond to Nitryl (N-H), Carbonyl group (C O) is quite intense. From above data 

of the CdS nanoparticles in control (1g) and microgravity exhibits the same functional group and almost 

same stretching in the bonds is observed. 

 

Figure 4. FTIR analysis of a) control and b) SMG samples. 

Table 1. Result Table from FTIR Data for control sample. 

No. Frequency (cm
-1

) Type of Vibrations Frequency Intensity 

1   602.25 Chloride 780-540 

2 1140.05 Alcohols, ethers 1300-1000 

3 1645.48 N-H (bend) 

Primary and Secondary amines and amides 

1640-1550 

4 3297.53 O-H 

H-bonded 

Carboxylic acids 

 

3400-3200 

3400-2400 

 

Table 2. Result Table from FTIR Data for SMG sample. 

No. Frequency (cm
-1

) Type of Vibrations Frequency Intensity 

1   595.08 Chloride 780-540 

2 1011.63 Alcohols, ethers 1300-1000 

3 1630.30 N-H (bend) 

Primary and Secondary amines and amides 

1640-1550 

4 3355.74 O-H 

H-bonded 

Carboxylic acids 

 

3400-3200 

3400-2400 
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4. Conclusions 

In the present work, CdS nanoparticles were synthesized using a chemical method in control 1 g and in 

simulated microgravity condition using a random positioning machine. The energy band gap of the 

microgravity sample was relatively larger than the control sample.  The average crystalline size of the 

microgravity sample was relatively smaller than the control sample. This indicates that gravity plays an 

important role in the synthesis of CdS nanoparticles. However, the functional groups of both the sample 

remained unchanged. 
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