Synthesis, Characterization and Application of CdS:Pr3+ nanomaterial

   
 Jitendra Pal Singh1*,                                                                                   Sudha Pal
   Department of Physics, School of Sciences                                                                           Department of Physics                                                             
   IFTM University Moradabad-244102, India                          M.B. Govt. P.G. College, Haldwani, Uttrakhand- India     paljitendra124@gmail.com                                                       palsudh2011@gmail.com                                                                     
                                                                                                      
 Y. K. Sharma3                                                                                                                                        Atanu Nag4

Department of  Physics,                                                                         Department of Physics, School of Sciences
Pt. L. M. S. S.D.S.University  Campus Rishikesh, India                   IFTM University, Moradabad-244102, India.    dryksharma@gmail.com                                                                                    Atanu.nag@iftmuniversity.a
                                                                                                                                                                       
Richa Sexena5,                                                                                                        Narender Singh6

Department of Physics, School of Sciences,                                         Department of Physics, School of Sciences
 IFTM University, Moradabad-244102, India                             IFTM University, Moradabad-244102, India.
    saxena.rich23@gmail.com                                                                 nspal_physics@rediffmail.com


                                                                                                                


Abstract
Pr3+ doped CdS nanomaterial are successfully synthesized and characterized through an easy, inexpensive and single-step simple chemical precipitation method. The synthesized particles are nearly spherical shaped and their size is found to decrease with the increase in Pr3+ concentration. The chemical identity of the synthesized nanoparticle was confirmed by the representative EDAX spectra. The absorption spectra of the prepared nanomaterial have been recorded in the UV-visible region at room temperature. The structure, shape, band gap and optical behavior are also investigated. The obtained CdS:Pr3+ nanomaterial exhibit approximately sphere-like shapes of about 1μ-200nm diameter. The synthesized CdS:Pr3+ nanoparticles can be potential for different optoelectronic applications.
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1. Introduction
Generally, nanomaterials have structured components with at least one dimension less than 100 nm and distinctly different physical and optical properties in different science of field [1]. As per the Royal society and Royal academy of engineering, UK; nanoscience and nanotechnology can be defined as follows: “Nanoscience is the study of phenomena and manipulation of materials at atomic, molecular and macromolecular scales, where properties different significantly from those at a larger scale and nanotechnologies characterization production and application of structures devices and systems by controlling shape and size at nanometer scale” [2]. In nanoparticles the various material properties such as electrical, mechanical, optical, magnetic etc., can be selectively controlled by engineering the size, morpholopy of the materials by using a variety of synthesis methods, in the various forms like thin films, powder, quantum wires, quantum wells, quantum dots etc. Nanocrystals are characterized as atomic clusters and are called quantum confined systems [3]. The requirement for quantum confinement is that the size of the nanocrystals should be smaller than the excitation Bohr radius of the material [4]. This intense interest in the science of the nanomaterials, which confined within the atomic scales, stems from the fact that this nonmaterial exhibit fundamentally interesting unique properties with great potentials of next generation technologies in electronics, computing, optics, biotechnology, medical imaging, medicine drug delivery, structural materials, aerospace etc. Group II-VI semiconductor nanoparticles are a type of compound semiconductors composed of group II and VI elements which have wide and direct band gap structures and are very important in many field, due to their tunable electrical and optical properties [5-7].

2. Experimental Details
Cadmium sulfide (CdS) nanoparticles doped with praseodymium (Pr3+) ion commonly referred as CdS:Pr3+ were synthesized by simple chemical precipitation synthesis method [8].  A paper on the synthesis of CdS nanoparticles using the chemical precipitation method has been published recently by Jitendra Pal Singh et al [9]. This is an easy, inexpensive, and single-step method. The chemicals, used in this work, were of analytical grade without purification. Cadmium nitrate tetrahydrate [Cd (NO3)2.4H2O], sodium sulphide [Na2S], diethylene glycol [DEG], ethanol [C2H5OH], praseodymium chloride [PrCl3] and distilled water were used as a source material. At first 0.1M of Cd(NO3)2.4H2O solution (50ml) was taken in conical flask and around 20 ml of diethylene glycol (DEG) was added to this Cd(NO3)2.4H2O solution under constant stirring. Then 50 ml Na2S solution and different concentration (0.1, 0.2 and 0.3mol %) of PrCl3 were added drop wise under constant stirring and it was kept for reaction for 4hrs at 600Cwith constant stirring. Finally, a yellow precipitate of CdS is formed. It was washed with ethanol and distilled water and dried at room temperature [10].

3. Result and Discussion
The CdS nanoparticles doped with Pr3+ have been synthesized by simple chemical precipitation method and this is then characterized in terms of SEM, EDAX, FTIR and absorption spectra to compute the shape, size and band gap.
3.1 SEM
Representative scanning electron microscopy (SEM) images of Pr3+ doped CdS nanoparticles, prepared by simple chemical precipitation method at room temperature, is shown in Fig. 2. The images show approximate spherical shape of CdS nanoparticle and the size of the particles are around 1μ-200nm. It demonstrates clearly the formation of spherical CdS nanoparticles. The morphology of the nanoparticles was found to be changed with the Pr3+ ion concentrations. 
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Fig. 2: SEM images of Pr3+ doped CdS nanoparticles
3.2. EDAX
Repersentative energy dispersive X-ray (EDAX) spectrum of CdS nanomaterial doped with Pr3+ specimens is shown in Fig. 3. This reveals that all the elements are present in the final composition which is take initially [11]. 
[image: ]
                      
Fig. 3: Representative EDAX spectrum of CdS: Pr3+ nanomaterial.
3.3.   FTIR Spectroscopy

Fourier Transform Infrared (FTIR) spectra are formed as a consequence of the absorption of the electromagnetic radiation at frequency that vibration of specific sets of chemical bonds within a molecules [12]. The expermentally observed  FTIR spectra in the range of 400-4000cm-1 is given in Fig. 4. FTIR spectrum of the Pr+3 doped CdS nanomaterials was recorded in the wavelength region 400-4000cm-1. The FTIR spectra of Pr3+ doped CdS nanomaterial consists of several peaks which are broad and moderate in bandwidth. The peaks in the range 607-636 cm-1 are due to metal–oxygen bonds (Pr3+/CdS). The peak around 1613-1623cm-1 is assigned due to the asymmetric stretching vibrations of CdS bonds from metal-oxygen group. The broad band in all the CdS nanomaterial matrices around 3427-3456 cm-1 is due to the fundamental stretching vibrations of O-H indicating the presence of hydrogen groups.  
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Fig. 4: FTIR spectrum of CdS nanomaterial doped 0.1 mol%Pr3+ion.
3.4 Absorption spectra

The absorption spectra of Pr3+ doped CdS nanoparticles were recorded for different    concentration of Pr3+ ions at room temperature. The absorption spectra of CdS:Pr3+ was recorded for a wavelength range of 300-1000 nm and it corresponds to transitions from the ground level to different excited levels as indicated by the representative absorption spectrum in Fig. 5.
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               Fig.5: Representative absorption spectrum of CdS nanomaterial doped with Pr3+ ion.

3.5 Energy band gap
Table 1 shows the optical energy band gap (Eg) of CdS nanoparticles doped with different concentration of Pr3+ ion as revealed from the absorption spectrum. This shift in the band gap is due to the quantization effect according to which the band gap value increases with the size of crystallites formation of nanometer sized CdS doped Pr3+ nanoparticles. It is clear from Table-1 and Fig. 5 that there with an increase in the concentration of Pr3+ ions the band gap decreases.
Table.1: Optical energy band gap (Eg) of CdS nanoparticles doped with different concentration of Pr3+ ion as obtained from the absorption spectrum

	0.1 mol%
	0.2mol%
	0.3mol%

	Wavelength
λ (nm)
	Optical Energy
Band gap (eV)
	Wavelength
λ (nm)
	Optical Energy
Band gap (eV)
	Wavelength
λ (nm)
	Optical 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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Fig.5(A) : Band gap concentration CdS nanoparticles doped 0.1% mol Pr3+
4. Conclusion
CdS is considered to be the most common semiconductor due to its high band gap (2.42eV) and potential applications in area of spectroscopy and electronics [13]. CdS structures are classified in three type namely hexagonal wurtzite, high pressure rock-salt phase and cubic zinc blend. Hexagonal wurtzite is the most important among these because of its stability and easy to be synthesized [14, 15]. Rare earth elements possess interesting optical properties due to their good interaction with light [16, 17]. Pr3+ doped CdS have particles have been gained much more interest in the recent year due to their describable properties and applications in different areas [18-20].
We have successfully prepared Pr3+ doped (0.1 mol%, 0.2 mol% and 0.3mol%) CdS nanoparticles by simple chemical precipitation method with an objective to use this for different optoelectronic applications. The chemical identity of the nanoparticles was confirmed by EDAX spectrum and the absorption peaks was confirmed by the FTIR spectrum. The SEM images clearly signifying the change of morphology of the spherical CdS nanoparticles with the different concentrations of Pr3+ ion doping. The band gap decreases with increasing concentration of Pr3+ ion. The band gap values show that it is suitable to use in solar cell fabrication as well as optoelectronic and high frequency applications. The developed Pr3+ doped CdS nanoparticles could also be useful for display devices, LED, design of UV Sensors for temperature measurement [21]. The physical properties depend on their crystallite sizes and they show size dependent electrical or optical properties in the quantum size region. Due to the fundament as well as technological importance, the modification in the energy band gap of semiconductors is the most attractive property. Semiconductor which posses such property of tunable energy band gap are considered to be the materials for next generation flat panel displays, photovoltaic, optoelectronic devices, laser, photonic band gap devices etc.
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