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Abstract 

 

 Pr
3+ 

doped CdS nano-material are 

successfully synthesized and characterized 

through an easy, inexpensive simple 

chemical precipitation method. The obtained 

shape of the synthesized particles is almost 

spherical and their size is found to decrease 

with the increase in Pr
3+

 ion concentration. 

The chemical distinctness of the synthesized 

nano-particle was confirmed by the 

representative EDAX spectra. The 

absorption spectra of the prepared nano-

material have been recorded at room 

temperature in the UV-visible an NIR-

region. The structure, shape, band gap and 

optical behavior are also investigated. The 

obtained CdS:Pr
3+ 

nano-material exhibit 

approximately sphere-like shapes of about 

1μ-200nm diameter. The synthesized 

CdS:Pr
3+

 nano-particles can be potential for 

different opto-electronic applications. 
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I. INTRODUCTION 

 

 Generally, nano-materials have structured components with at least ID less than 100 

nm. Nano-materials have definitely different physical and optical properties in different 

scientific and technological fields [1]. Nano-science is basically study of nano-scale 

materials, where their properties are remarkably different from those at a macro scale. Nano-

technology, on the other hand, refers to the manufacturing and application of those structured 

devices and systems by managing the structure and size of these nano-materials [2]. In nano-

materials, any physical property can be selectively controlled by engineering on its 

morphology. This is made possible by synthesizing it in the various forms of quantum 

confined systems [3]. The necessity for quantum confinement is to obtain nano-crystals 

smaller than the excitation Bohr radius of the material [4]. Group II-VI semiconductor nano-

materials are a type of materials composed of group II-VI elements with a wide direct band 

gap and these are very crucial in many modern electronic domains, due to the tunability of 

their electrical and optical properties [5-7]. Cadmium sulfide (CdS) is considered to be 

amongst the most functional semiconductor owing to its high energy band gap value of 

2.42eV. CdS structures are classified into three types viz. wurtzite, rock-salt and zinc blend 

phases out of which the first one is found to be the most significant due to its stability and 

easy to be synthesized characteristics [8, 9]. Rare earth elements exhibit remarkable optical 

properties [10, 11]. Praseodymium (Pr
3+

) is such a trivalent rare earth ion with a composite 

energy level 
1
D2, 

3
P0, 

3
P1, 

3
P2, which provide the possibility of simultaneous emissions 

depending on the CdS materials. The return to the ground state is accomplished with both the 

radiative and non-radiatve decays. When an excited electron decays by emitting photons, 

which is luminescence emission, the process is then called radiative decay. Non-radiative 

decay is excited electron decays to the ground state by emitting phonons. General aspects of 

fluorescence of material as a result of radiative electronic transition in which an electron 

jump from a higher energy state to lower energy state with the different in energy released as 

light emission. Pr
3+

 ion doped CdS nano-particles (CdS:Pr
3+

) have been extensively 

considered in the recent year due to their describable properties and applications in different 

domains of interest like computing, opto-electronics, bio-medicine, structural engineering, 

aerospace etc [12-15]. This work will discusses the synthesis, characterization and 

application of CdS:Pr
3+

 nano-material. 

 

II. EXPERIMENTAL DETAILS 

 

 CdS: Pr
3+

 nano-particles were synthesized experimentally by simple chemical 

precipitation synthesis method (CPSM) [16]. CPSM is a single-step, easy and inexpensive 

method. A recent work, has been carried out by Jitendra Pal Singh et al [17], which describes 

elaborately the synthesis of CdS:Pr
3+

 nano-particles using the CPSM. By adopting the same 

methodology of experimentation, using the CPSM, different concentration (0.1, 0.2 and 0.3 

mol % Pr
3+

 ion doped CdS) of CdS:Pr
3+

 nano-particles were prepared.  

 

III. RESULT AND DISCUSSION 

 

 The CdS: Pr
3+

 nano-particles have been synthesized by simple CPSM and it is then 

characterized in terms of scanning electron microscopy (SEM) imageries, energy dispersive 

X-ray (EDAX) spectra, Fourier transform infrared (FTIR) spectra and absorption spectra to 

compute the shape, size and optical energy band gap. 
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1. SEM: The morphology of the sample was examined by SEM using FEI Quanta 200F. 
Representative SEM imageries (shown in Fig. 1) of CdS: Pr

3+
 nano-particles, prepared by 

simple CPSM, indicate approximate spherical shape of the CdS: Pr
3+

 nano-particles at 

300 K. The observed particle sizes are around 1μ-200nm. It clearly demonstrates the 

formation of spherical shaped CdS nano-particles. The morphology of the nano-particles 

was found to be changed with the Pr
3+ 

ions concentration.  

 

 
 

Figure 1: SEM Imageries of CdS: Pr
3+

 Nano-Particles 

 

2. EDAX: Repersentative EDAX spectrum of CdS: Pr
3+

 nano-material specimen is shown 

in Fig. 2. This spectrum confirms the chemical abundances of total sample elements in the 

final composition which was taken initially [18].  

 

 
 

Figure 2: Representative EDAX Spectrum of CdS: Pr
3+ 

Nanomaterial. 

 

3. FTIR Spectroscopy: In a molecule, the phenomenon of absorption spectra of the 

electromagnetic radiation at a specific vibration frequency with particular sets of 

chemical bonds can be regarded as the source of generation of  FTIR spectra [19]. The  

FTIR spectra of CdS:Pr
3+

 nano-material observed expermentally in the 400-4000cm
-1

 

range is shown in Fig. 3. These spectra of CdS:Pr
3+

 nano-material consists of several 

peaks having broad and moderate in bandwidth. The peaks around 607-636 cm
-1

 are due 

to metal-oxygen (Pr
3+

/CdS) bonds. The peak in the range 1613-1623 cm
-1

 is associated 

with the asymmetric stretching vibrations of CdS bonds of metal-oxygen group. The 

broad band around 3427-3456 cm
-1

 is due to the fundamental S-H stretching vibrations 

indicating the presence of H2 groups.     
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Figure 3: FTIR Spectrum of CdS with Pr
3+ 

Nanoparticles  Doping Concentration of (A) 0.1 

mol%, (B) 0.2 mol% and (C) 0.3 mol% of Pr
3+ 

Ion. 

 

4. Absorption Spectra: The absorption spectra of CdS: Pr
3+

 nano-particles were recorded 

for different concentration of Pr
3+ 

ions at room temperature for with the help of 2375 

Double Beam Spectrophotometer. The UV spectra of CdS:Pr
3+

 was recorded for a 

wavelength range of 300-1000 nm. Transitions from the ground level to different excited 

levels are indicated by the representative absorption spectrum in Fig. 4, with the 

horizontal axis representing the wavelength in nm and the vertical axis representing the 

absorbance in arbitrary units. 
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Figure 4: Representative Absorption Spectrum of CdS: Pr
3+

 Nano-Material. 

 

5. Energy Band Gap: Table 1 shows the optical band gap (Eg) energy of CdS:Pr
3+

 nano-

particles, as revealed from the absorption spectrum, for different Pr
3+

 ion concentrations. 

The observed band gap energy variation is due to the effect of quantization. It is evident 

that the band gap energy value increases as the crystallite formation of nano-metric Pr
3+

 

ions doped CdS nano-particles size increases. It is clear from Table-1 and Fig. 5 that, the 

band gap energy reduces as the concentration of Pr
3+

 ions increases.  

 

Table 1: Absorption Spectrum Derived Energy Band Gap (Eg)  of CdS:Pr
3+

 Nano-

Particles Doped with Different Pr
3+

 Ion Concentrations 

 

0.1 mol% Pr
3+

 0.2mol% Pr
3+

 0.3mol% Pr
3+

 

Wavelength 

λ (nm) 

Energy  Band 

gap (eV) 

Wavelength 

λ (nm) 

Energy Band 

gap (eV) 

Wavelength 

λ (nm) 

Energy Band 

gap (eV) 

446 2.78 445 2.78 448 2.76 

480 2.58 482 2.57 481 2.57 

513 2.41 512 2.42 513 2.41 

576 2.15 576 2.15 577 2.14 
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Figure 5: Energy Band Gap of CdS: Pr
3+ 

Nanoparticles with a Doping  Different 

Concentration of (A) 0.1 mol%, (B) 0.2 mol% and (C) 0.3 mol% of Pr
3+ 

Ion. 

 

IV. CONCLUSION 

 

 There are size dependent physical properties such as the electrical and optical 

properties as exhibited by nano-materials particularly at the nano-scale regimes. Considering 

the fundamental and as well as the technological significance, the tunability feature of the 

band gap energy in certain semiconductors is very much crucial for modern electronic 

devices. Semiconductors, possessing such property of band gap energy tuning, are supposed 

to be the next generation materials of interest for display devices, photovoltaics, opto-

electronic devices, lasers, photonic band gap devices etc. CdS is considered to be amongst the 

most utilizable semiconductor owing to its elevated band gap energy value. It is supposed to 

be applied potentially in opto-electronic domain [20]. We have successfully prepared Pr
3+ 

doped different concentration  CdS: Pr
3+

 nano-particles by simple CPSM with an objective to 

use this for different opto-electronic applications. The chemical distinctness of the 

synthesized nano-particles have identity by EDAX spectroscopic analysis and the peaks were 

identity by the FTIR absorption spectroscopic analysis. The SEM imageries of the 

synthesized CdS: Pr
3+

 nano-particles verify the morphological variation of the shape of the 

CdS nano-particles for Pr
3+ 

ion doping with different concentrations. The band gap decreases 

with increasing concentration of Pr
3+

 ion. The band gap values show that it is suitable to use 

in solar cell fabrication as well as opto-electronic and high frequency applications. The 

developed CdS: Pr
3+

 nano-particles could also be useful for display devices like LEDs, and 

UV temperature measurement sensors [21].  
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