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Abstract— Novel and efficient inorganic semiconductor nano 

materials are gaining much attention in recent years due to 

their potential applications in photovoltaic devices, 

luminescent phosphors biochemical sensors etc. Nano-

electronics has focused on manipulating the structural, 

optical, and magnetic and photoluminescence properties of 

such nano -structured materials for developing nano 

electronic and opto-electronic devices. CdSe nanoparticles 

exhibit wide band visible range emission and its 

photoemission characteristics can be tuned with size. This 

makes it a prospective candidate for many optoelectronic 

applications. Doping of CdSe nanoparticles with transition 

and rare earth elements modifies as well as enhances its 

optical, electrical and magnetic properties. This review 

provides a study of the synthesis of different pure and doped 

CdSe nanoparticles, their properties and applications in 

different fields. 
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I. INTRODUCTION 

II-VI semiconductor nanoparticles have attracted much 

attention in the recent years due to their size dependent photo 

and electroluminescent properties and applications in 

optoelectronics. ZnS, CdS, ZnO, CdSe are the members of 

the II-VI semiconductors family and are the foremost 

candidates because of their favorable electronic and optical 

properties for opto electronic applications [1]. CdSe is a 

useful semiconductor having a wide optical band gap and 

shows a strong fluorescence which can be tuned depending 

on particle size. An appropriate size of CdSe quantum dot has 

an absorption edge and emission peak anywhere in the visible 

spectrum. This makes CdSe nanoparticles useful in 

applications like opto electronic devices [1, 2], light sensors 

[3], biological labels [4], chemical libraries [5]. The 

complexing agents and the Cd:Se ratio play a vital role  in 

controlling the morphology and structure of CdSe 

nanocrystals [6]. 

CdSe nanoparticles doped with rare earth elements 

posses a large emission excitation separation and long 

fluorescent life time. To obtain the hybrid material co-doping 

of the material is done. Proofs are available about the doping 

of rare earth elements in II-VI compounds which are 

exploited for their photoluminescence property. Reports are 

also available about doping with transition elements in 

chalcogenides [6, 7].  A review of the different techniques for 

synthesis of pure and doped CdSe nanoparticles, their 

properties and applications are presented in this paper. 

II. PURE CDSE NANOPARTICLES 

Punita srivastava et.al [1] have reported the synthesis of CdSe 

nanoparticle by solvothermal route at 60 ⁰ C. The 

solvothermal route is a very facile, inexpensive and less 

hazardous method for nanoparticle synthesis. The powder 

obtained was characterized by X-ray diffraction (XRD), 

Transmission electron microscopy (TEM), Scanning electron 

microscopy (SEM), UV-VIS Spectroscopy, Raman 

Spectroscopy and Fourier Transform Infrared Spectroscopy 

(FTIR). The size and morphology was studied by SEM and 

the powder had a hexagonal structure of CdSe. The band gap 

of the CdSe was found to be 2.92 e V. 

Similarly S.Suresh, C.Arunseshan [8] also prepared 

CdSe nanoparticles using the solvothermal method to study 

the dielectric properties. XRD analysis confirmed the 

nanoparticles size and fundamental diffraction patterns of 

CdSe. The dielectric studies at different temperatures have 

been done which showed that dielectric constant and 

dielectric loss has low values at higher frequencies and is 

independent of temperature. 

G.Ramalingam and J.Madhavan [9] in their research 

work used hydrothermal method to investigate the structural 

and morphological behavior of CdSe nanoparticles. From the 

XRD analysis the average diameter of nanorods were found 

to be around 30 nm and 40 nm; Hexagonal CdSe nanorods 

have been successfully synthesized by them at a relatively 

low temperature and from photoluminescence studies, the 

emission peak was observed at 560nm and 562 nm which has 

been reported as due to the recombination of charge carrier 

on the surface of the nanorods. The pure CdSe obtained in 

wurtzite hexagonal phase can be used in the application of 

photonics device fabrication, solar cells and bio-medical 

application. 

Raman et.al [10] proposed a new method to 

synthesize CdSe which was done by using a microwave 

assisted solution method and the powder XRD pattern 

revealed the crystal structure of the prepared CdSe 

nanoparticles, morphology was studied by SEM, and the UV-

Vis absorption spectrum of prepared sample was recorded. 

The dielectric studies were carried out for the sample of the 

CdSe nanoparticle and the AC and DC conductivity values 

have been measured there. It was reported that, the ac and dc 

conductivity of the CdSe nanoparticle increase with 

increasing temperature. 

While using the thermal treatment method, high 

purity of CdSe nanoparticle was produced and this method is 

simple, in expensive and easy to use. Salem and co-workers 

[11] prepared CdSe nanoparticles by thermal treatment 

technique at varying calcinations temperature from 450 to 

700 ⁰ C in alternate oxygen and nitrogen environment. For 

analyzing the structural, elemental, optical properties of the 

nanoparticle at room temperature they used FTIR, XRD, 

EDX, SEM and TEM Spectroscopy. From the EDX and FTIR 

studies the samples were confirmed to be pure Cadmium and 

Selenium. 
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Novel microemlusion method at a moderate 

temperature was used to synthesize and characterize CdSe 

nanorods at 100⁰ C as reported by L.F.Xi et.al [12]. They 

studied the composition, morphology, and optical properties 

of the CdSe nanoparticles using powder XRD, TEM, UV-VIS 

absorption spectroscopy, Photoluminescence, EDX and 

FTIR. A moderate temperature method for synthesizing rod-

like CdSe was proposed. Here the nucleation and growth 

mechanism for this system is also proposed which is based on 

a time- dependent study. The particle size was changing when 

hydrazine hydrate was added and the size of the particle was 

calculated at different intervals of time. 

J.Anne Kausalya et.al [13] in their research work 

used a wet chemical method to synthesize CdSe 

nanoparticles. The powder sample was characterized by XRD 

studies, UV-VIS absorption spectra was analyzed by the UV-

VIS spectrophotometers, fluorescence and the FTIR studies 

was also done. From XRD, the cubic modification as 

compared to the hexagonal phase is more preferable for the 

meracaptoacetic acid capped CdSe nanoparticles. A 

pronounced shift from 712nm of the bulk CdSe band gap was 

observed in the UV studies. 

The CdSe nanoparticle size is temperature 

dependent and the crystal size grows with increases in 

temperature. High quality of cubic CdSe quantum dot was 

synthesized while using a chemical precipitation method 

which was reported by Amiri and co-workers [14] in their 

work they investigated the structure of the CdSe quantum dot 

by XRD and formed a cubic crystal structure. UV absorption 

spectrum was measured and indicated the absorption 

spectrum of CdSe quantum dot at different temperature from 

10⁰ C to 70⁰ C. 

Similarly, a simple and less hazardous route was 

carried out by Namrata Jain et.al [15] for synthesis of CdSe 

nanoparticles. The method they used to synthesis CdSe is co-

precipitation method. The nanoparticles were formed by 

calcination process at 400⁰  C and characterization was done 

by XRD and optical spectral studies. 

Shriwas S Ashtaputre et.al [16] used chemical route 

method for the synthesis of highly luminescent ZnO and 

CdSe nanoparicles.  The particles were capped with 

thioglycerol in case of ZnO and 2 mercaptoethanol in case of 

CdSe to achieve the stability. A variety of techniques like UV 

–visible absorption spectroscopy, XRD, PL, XPS, FTIR and 

TEM were used to analyze the properties of the nanoparticles. 

Narayana Swamy TN et.al [17] prepared CdSe 

nanocrystalline thin film which was successfully deposited on 

transparent conducting fluorine doped tin oxide substrate by 

chemical bath deposition method at a bath temperature of 

70⁰  C. The deposited CdSe thin film was annealed at 250⁰  

C. Hexagonal phase of the film was determined by XRD and 

optical studies showed the band gap of 1.78 e V. From 

wettability test, the hydrophobic surface nature of the thin 

film was studied. 

Maroof A.Hegazy et.al [18] focused on studying of 

CdSe semiconductor nano crystals. They successfully 

demonstrated the synthesis of CdSe nanocrystal by the hot 

injection method. CdSe nanocrystal were synthesised in 

TOP/TOPO (tri-octyl phosphine/tri-octyl phosphine oxide). 

From the characterization techniques, CdSe quantum dot 

were synthesised with size ranging from 2.27 to 3.75 nm. 

Hakan Aydin and co-workers [19] prepared CdSe 

quantum dot by colloidal chemistry method at moderately 

lower growth temperatures. Optical absorption and PL 

spectroscopy techniques are used to characterize the 

properties of CdSe QD’S and both showed red shift with 

increasing Cd:Se molar ratio temperature. Optical properties 

of colloidal CdSe QD’S were controlled by changing the 

intial Cd:Se molar ratios and temperature. Altering the Cd:Se 

initial precursor ratio at a fixed temperature, it was observed 

that the samples with a high Cd:Se ratios are able to nucleate 

and grow faster. 

S.S fomanyuk et.al [20] in their work synthesised a 

colloidal solution of CdSe nanoparticles in xylene by the 

electrochemical method from an acid electrolyte based on 

HNO₃  + HCl (2:1) mixture using extraction into xylene. 

They found that CdSe nanoparticles of small size synthesized 

on the cathode are readily extractable in xylene, where as 

nanoparticles of layer size remain in the aqueous electrolyte 

and dissolve in the nitric- hydrochloric acid mixture. An X-

ray phase analysis of the powders revealed 2-5 nm CdSe 

nanoparticles having mixed cubic/ hexagonal crystal 

structure. 

DK gupta and co-workers [21] used an organic 

synthesis method to develop CdSe quantum dots. They 

synthesised successfully the core-shell structure of CdSe / 

CdS and CdSe/ ZnS nanoparticles. The sample was analysed 

by various techniques. Hexagonal phase was found by XRD 

of CdSe quantum dot and core shell nanoparticles and 

elemental composition was determined by EDX. The band 

gap of the CdSe, CdSe/CdS and CdSe / ZnS was 3.9, 3.8 and 

3.75 e V respectively. The blue shift in the PL emission 

spectra of synthesised nanoparticles showed size quantization 

effect. These core shell nanoparticles are very promising for 

many applications. 

Pragati Malik et.al [22] studied the ion sensing 

abilities of CdSe based quantum dot and core/shell quantum 

dot, which depend upon the fluorescence efficiency of the 

quantum dots. The fluorescence efficiency of quantum dot is 

found to be sensitive to the presence of adsorbate at surface 

of QDs. A QD-based chemical sensing system employs 

fluorescence changes induced by the analyte present at the 

surface of the QD. The analyte present at the QD leads to 

dramatic changes in the luminescent properties of these QDs. 

Hence enhancement or quenching of luminescence of QDs 

due to analyte quantum dot interaction may design new, 

specific nanoparticle-based sensors. These CdSe and CdSe 

based core/shell QDs act as chemical sensors for various ions 

of biological and environmental interest 

III. TRANSITION AND RARE EARTH ELEMENT DOPED- CDSE 

NANOPARTICLES 

Several interesting reports have been found in literature about 

doped CdSe nanoparticles. This paper presents a review of 

transition and rare earth doped CdSe in particular. 

Tb3+ doped CdSe nanoparticles were synthesized 

by P.Sanjay et.al [6] using hydrothermal method. They 

synthesized pure and 0.5% Terbium doped CdSe nanorods at 

a moderate temperature of 180⁰ C.  XRD pattern showed the 

crystal structure of the pure and Tb3+ doped CdSe 

nanoparticles. The samples were annealed at 180⁰ c to 
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achieve crystallization. The average size of the crystallite was 

25nm and 30nm for pure and Tb3+ doped CdSe nanoparticle 

respectively. UV -VIS spectroscopic studies showed the 

optical absorption spectra of the pure and Tb3+ doped CdSe 

nanorods with absorption peaks at 645nm for the pure and 

655 nm for the doped CdSe nanorods. Doping with terbium 

ions in the CdSe nano rods showed a blue shift. The bandgap 

was found to be 1.9235e V and 1.8941e V respectively. 

Following the encouraging results of P.Sanjay et.al 

on terbium doped CdSe nanoparticles, Sunil Kumar et.al [23] 

reported the synthesis of Tb and Cu doped CdSe nanorods by 

using solvothermal process. From the characterization 

studies, they observed a wurtzite structure for pure CdSe 

nanorods and zinc-blende structure for co-doped nanorods. 

PL studies of co-doped CdSe nanorods showed slightly 

enhanced photoluminescence and from UV-Visible studies it 

showed a blue shift with respect to the bulk value. The band 

gap of the co-doped CdSe nanorods is more than the un-

doped CdSe nanorods due to the fact that copper chloride, 

precursor of Cu is a wide band material whereas terbium 

chloride has narrow band gap. The thermal stability of the co-

doped CdSe nanorods was enhanced as compared to the un-

doped one. 

D.J.Vidhya Raj et.al [24] reported the synthesis of 

Copper doped CdSe which was based on chemical technique 

using 1- thiyoglycerol as surfactant. X-ray diffraction studies 

revealed the formation of hexagonal structure and the 

presence of Copper did not alter the structure of CdSe. UV-

VIS studies showed a blue shift with respect to bulk value for 

pure and Cu doped CdSe, the blue shift was caused by strong 

quantum confinement effect and from PL spectrum pure 

CdSe showed a emission band at 675nm and Cu (0.1M, 0.3M) 

doped CdSe at 649nm. This method is inexpensive and used 

a non toxic precursor. 

G. Venkata et.al [25] explored the structural and 

optical properties of Fe- doped CdSe nanoparicles for 

spintronic devices prepared by chemical co-precipitated 

method. XRD studies revealed that pure CdSe is found to be 

polycrystalline in nature and showed hexagonal structure 

with increasing Fe concentration from 5% to 10% in CdSe, 

the XRD patterns showed a poor crystalline structure. The 

average size of pure CdSe, 5% Fe-doped CdSe and 10% Fe-

doped CdSe is found to be 18nm, 16nm and12nm 

respectively. The crystallite size decreased with increase in 

Fe concentration in CdSe nanoparticles and it is a promising 

material for applications spintronic devices. 

Nor Aliya Hamizi et.al [26] worked on manganese- 

doped CdSe quantum dot which was synthesized in the 

absence of trioctylphosphine (TOP) at various ripening 

temperatures and times while using inverse micelle 

technique. Doping of transition metal ions such as Mn²+ 

produced diluted magnetic semiconductor which is used in 

application of spintronic devices. High quality Mn doped 

CdSe quantum dots was found and the ripened Mn doped 

CdSe (QD) s samples showed the size of (QD) s which was 

tunable with different reaction temperature and times. The 

quantum confinement’s effects were observed with an 

increase in optical band gap of ripened samples. 

Similarly Cr –doped CdSe powder was synthesized 

at high temperature by using a solid state reaction method 

which was reported by the J.ShivShankar et.al [27]. From 

characterization studies, the CdSe system exhibited wurtzite 

structure and band gap of pure and Cr- doped CdSe was 

reported as 1.65e V and 1.689e V respectively. 

Kanupriya Sharma and Ashok Kumar [28] 

synthesized and characterized pure and Zn doped CdSe 

nanoparticles by ultrasonication method. The crystalline 

nature and particle size of the samples were characterized by 

powder XRD analysis and effect of change of doped 

concentration is confirmed by FTIR Spectroscopy. 

Sunil kumar and their co-workers [29] used a facile 

method to synthesize Ni-doped CdSe nanoparticles. The un-

doped CdSe show diamagnetic behaviors and retentive 

magnetization is more at 100k than at 300k.With increase in 

Ni-doping concentrations, the magnetic behaviors was 

shifted from diamagnetic to paramagnetic and then 

ferromagnetic. The band-gap of un-doped CdSe 

nanoparticles was 1.78 nm and 5% of Ni-doped CdSe 

nanoparticles were 1.95 nm. The samples were thermally 

stable up to 450⁰ C. 

S.Anantha Kumar et.al [30] reported the formation 

of CdSe nanoparticles synthesized by colloidal method in 

aqueous medium using the reaction intermediates Se 

nanorods as a Se source. The prepared Se nanorods were 

found to be uniform in shape that depended on the volume of 

water which was utilized during the reaction. The obtained 

CdSe was found to be spherical in shape and this facile 

method is used in synthesizing a zero dimensional 

nanostructure from 1d nanorods intermediates. 

R.B. Lupez- flores et.al [31] used chemical bath 

deposition method to prepare CdSe thin films on glass 

substrate and doped with erbium at 70 ⁰ C. While changing 

the volume of Er containing salt solution eight impurity levels 

were obtained. CdSe: Er samples obtained showed cubic zinc 

blende crystalline structure. The physical properties of the 

CdSe thin films were changed due to the doping of the Er³+ 

ion at concentration of ~ 3%- There was an increase in 

photocurrent, dissipation of power reduced to 50% in 

comparison to the non –doped samples. 

T.P. Mthethwa et.al [32] revealed a fabrication of 

CdSe composite nanofibers using electro spinning technique, 

this method is used for fabrication of polymer fibres. 

Composites were prepared by dissolving the 2, 5 and 6% 

CdSe in PEO polymer solution with concentration of 3%. 

From the characterization studies, the morphology, optical, 

thermal properties and effect of CdSe loading on the fibre 

diameters were studied. The fibre diameters increased with 

CdSe loading and a change in morphology was observed. 

XRD studies showed that the crystallnity of the polymers 

decreased upon the addition of CdSe nanoparticle and from 

TGA studies, the stability of the composite fibres showed that 

the concentration had no significant effect on the stability of 

the polymer. 

IV. CONCLUSIONS 

This paper is mainly focused on the review of the different 

works done on pure and doped- CdSe nanoparticle. The 

different synthesis techniques, properties and applications of 

pure and doped- CdSe nanoparticles has been presented. 

Some important characterization results obtained by workers 

on this material have been discussed. Such a review would be 
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useful for new researchers working on CdSe nanoparticles for 

different optoelectronic applications. 
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