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Abstract: - Novel reaction parameters for synthesizing CdSe Quantum Dots (QD’s) of particle size of unit dimensions measured in nanometer 

is claimed herewith. The investigation systematically explored various sets of reaction conditions, in particular, the impact of reaction 
temperature, on the structural, morphological, optical, and other atomic scale properties of the CdSe QD’s. Particle Size, as small as, 1 nm 

and with stability at ambient temperature could be easily obtained with βME as the capping agent. Characterization of, thus synthesized, 

CdSe QD’s were done using XRD, UV-Visible spectroscopy, SEM, FTIR, HRTEM, EDX, and SAED techniques.The XRD results revealed 
that the size of the particles is between 2.4nm to 9nm and is in the cubic phase. SEM images clearly shows that the particle size increases 

with the increasing temperature. Further, HRTEM confirms the average particle size to be 3.6nm and smallest particle size as 1 nm. Also 

observed is intermixing of both, wurtzite and zinc blende structures. The EDX study confirms the percentage of Cd and Se to be 76.03 % and 
23.96 % respectively. The comprehensive characterization techniques conduced collectively verify the successful synthesis of CdSe QDs. 

Furthermore, their size can be precisely regulated by altering the synthesis temperature. 

The CdSe QD’s nanoparticles remained stable in ambient conditions over longer period of time.  

Keywords: Quantum Dots (QD’s), Capping agents, Colloidal Method, Wurtzite Structure, Dye-Sensitized Solar Cell. 

I.  INTRODUCTION  

Nanostructure material is 10−5 times smaller than a human hair’s diameter; it is one billionth of a meter. On basis 

of dimensions, Nanomaterials are categorized as zero-dimensional, one dimensional, two-dimensional and three 

dimensional which are represented by 0D (Quantum dots), 1D (Nanorod), 2D (Nanosheet) and 3D (Nanoflowers) 

respectively [1]. The motion of electrons from conduction band and holes or excitons from valence band (bound 

pairs of conduction band electrons and valence band holes) are confined in all the three directions of a structure for 

quantum dots[2-4].  Since they were first identified in the 1980’s, Semiconductor nanocrystals are also referred as 

Quantum Dots (QD’s)[5-20]. A type of semiconductor nanocrystal known as Colloidal Quantum Dots has particle 

size smaller than the exciton Bohr radius of 5.4 nm for CdSe and their properties are dissimilar to those of bulk 

object due to few nanometers[21-26]. semiconductors QD’s of II-VI group metal chalcogenides, especially ZnS, 

CdSe, and CdTe were extensively investigated due to their quantum confinement properties[27]. The quantum 

confinement effect occurs when the size of a particle is comparable to the electron’s de Broglie wavelength. The 

hot injection method is a commonly used appach for synthesizing high-quality crystalline II-VI semiconductor 

materials. In this technique, a cadmium precursor like (𝐶𝐻3)2𝐶𝑑 (𝑑𝑖𝑚𝑒𝑡ℎ𝑦𝑙𝑐𝑎𝑑𝑚𝑖𝑢𝑚) or 

𝐶𝑑𝑂 (𝐶𝑎𝑑𝑚𝑖𝑢𝑚 𝑂𝑥𝑖𝑑𝑒), is first dissolved in coordinating ligands, including trioctylphosphine oxide (TOPO), 

hexylphophonic acid or tetradecylphosphonic acid. The Se Precursor (Se dissolved in trioctylphosphine, TOP) is 

then rapidly introduced into the heated coordinating reaction mixture, triggering the nucleation process. The 

subsequent growth phase is performed at a comparatively lower temperature. This method was initially introduced 

by Murray et al. [28] and waws later refined and advanced by Peg et al. and Talapin et al. [29-36]. 

The synthesizing of CdSe QD’s has been tried by numerous researchers using different techniques or by utilizing 

Cd and Se precursors. Lately, several methods have been tried to generate CdSe QD’s: liquid paraffin with a 

combination[37], one-pot hydrothermal synthesis[38], microwave and electron beam irridation[39,40], colloidal 

reaction temperature technique[41], and aqueous solution[42-45]. In contrast to these methods, the synthesis 

 
1Department of Physics, University of Mumbai, Vidyanagari Campus, Kalina, Santacruz (E), Mumbai 400 098, India. 
2Department of Physics, Institute of Science,15, Madam Cama Road, Mantralaya, Fort, Mumbai 400 032, India. 
Corresponding author Email: vaishali.bambole@physics.mu.ac.in 
Copyright © JES 2025 on-line: journal.esrgroups.org 



J. Electrical Systems 20-3 (2024): 9198 - 9210 

 

9199 

process that employ an aqueous solution have good water solubility and are easy, environmentally friendly, and 

highly reproducible. 

When exposed to UV light, QDs with diameters of 5-6nm emit light at longer wavelengths, whereas those with 

smaller sizes, ranging from 2-3nm, emit light at shorter wavelengths and exhibit larger bandgaps. This behaviour 

arises because the electrons in QDs are confined to discrete energy levels, which are size-dependent, with smaller 

particles exhibiting larger bandgaps [46-47]. 

Hence, shorter wavelength means higher photon energy, which is required for Photovoltaic conversions. In this 

paper we are reporting to have synthesized CdSe QD’s by the wet chemical method (colloidal method) in which 

water is used as a solvent, and the reaction happens at ambient temperature. The synthesis procedure is economic 

gives us very small quantum dot particles. Xray & SEM studies revealed interesting structural and morphological 

changes depending on temperature variation. highly pure form of CdSe QD’s were obtained due to unique 

experimental setup.  At temperature of 400C experiment of 5 hours small QD’s of size 3.5nm were obtained. with 

the size of QD falling in the range of 3.5nm to 4nm and Bandgap of 2.60eV is obtained. So, we can claim that these 

quantum dots have the potential application in Photovoltaic and Dye-Sensitized solar cell. 

II. MATERIALS AND METHODS: 

A. Materials: 

Cadmium Acetate Dihydrate [Cd (CH3COO)2] (reagent grade, 98%, Aldrich), Selenium Metal Powder (Se) (100 

mesh, 99.99% trace metals basis,Aldrich), 2-Merxaptoethanol (HOCH2CH2SH) (99%, SRL) also known as βME, 

Sodium Sulphite (Na2SO3) (Sodium Sulfite, ≥ 98%,Aldrich). All of the materials were employed without further 

purification because they were of analytical grade. Water as solvent had been twice distilled was used to produce 

each solution. 

 

B. Synthesis of CdSe quantum dots: 

Solution A as stock solution of Sodium Selenosulphite (Na2SeSO3) in two neck flasks was prepared by mixing of 

0.6040 gm of Na2SO3 and 0.0948 gm of Se metal powder in 50ml of double distilled water (DDW). This solution 

was then heated at 900C for an hour. The second solution B was prepared by adding 0.46 gm of [Cd (CH3COO)2  

in 50ml of DDW at 400C for a period of 10 minutes. Solution A  is then added to Solution B till the colourless 

solution B changes from Milky to dark lemon colour. Then 0.4ml of 2-Mercaptoethanol (βME) is added drop by 

drop till end of the experiment. A set of four experiment done at temperature 400C,550C,700C, and 850C for material 

T400C, T550C, T700C and T850C Respectively. Fig (1) showing pictorial graph of experiment.The Prepared 

Quantum dots were washed by Double Distilled Water for 3-4 times and keep it in Oven to dry the samples and 

convert it into the Powder. 

 

Fig. (1) Schematic illustration of the CdSe Colloidal Synthesis Process 
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III. RESULTS AND DISCUSSIONS: 

A. Characterization and Evaluation: 

An XPERT-PROMPD X-ray diffractometer with Cu-Kα radiation (λ = 1.5405 A0) in the range of (100 to 800) was 

applied for the identification of materials, crystal composition and Phase identification. JEOL-IT300 for scanning 

electron microscopy (SEM). For Absorbance study, the UV-Visible Spectrometer (Perkin-Elmer, Lambda 750) was 

used. Using a Perkin-Elmer 1710, the Fourier Transform Infrared (FTIR) spectra was acquired at a resolution of 

2cm-1 across the 500-4000 cm-1 range.  Using Thermo Scientific- Talos F200X G2, a High-resolution transmission 

electron microscopy (HRTEM) was used for atomic-scale imaging of a sample of crystalline structure. Energy-

dispersive X-ray spectroscopy (EDS) was carried out to identify the chemical compositions and Selected Area 

Electron Diffraction (SAED) was used to determine the significant level of crystallinity in the porous material. 

B.  XRD Characterization: 

The structure, composition and crystallite size analysis of the prepared CdSe QD’s was performed using an XPERT-

PROMD X-ray diffractometer (XRD) instrument recorded between the 2θ angles 200 to 600. The diffraction graph 

in the XRD shown in Figure (2). The standard [ICDD No. 19-191] [48,49] and [JCPDS No. 19-191] [50-60] have 

been three clear wide peaks could be identified at 2θ = 26.08°, 42.29°, 46.28° and 50.55° which corresponds to the 

lattice planes (111), (220) and (311). The formation of CdSe nanocrystalline structure is confirmed by peak 

broadening. 

To calculate the crystallites size from Debye-Scherrer’s formula, 

                                                                    D =  
Kλ

β cosθ
                                                      (1) 

      Where,  

      D = crystallites size (nm) 

      K = 0.9 (Scherrer’s constant) 

      λ = 0.15406nm (wavelength of the x-ray sources) 

      β = FWHM (radians) 

      θ = Peak Position (radians) 

To using the same, the estimate crystallite size was found out to be of CdSe QD’s is 0.2 nm to 0.6 nm. Fig.(2) is 

the X-ray diffraction pattern of temperature of 400C,550C,700C, and 850C  synthesized materials. 

 

Fig (2): XRD pattern of CdSe QD’s prepared at 40°C, 55°C, 70°C and 85°C 
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C.  SEM Characterization: 

Figure 3 illustrates the surface morphology of CdSe QDs synthesized at temperatures of 

40℃, 55℃, 70℃, 𝑎𝑛𝑑 85℃, corresponding to samples 𝑇40℃, 𝑇55℃, 𝑇70℃, 𝑎𝑛𝑑 𝑇85℃, respectively. The SEM 

images for these temperature series are depicted at 1000 × magnification in panels (a), (b), (c) and (d) and at 

3000 × magnification in panels (e), (f), (g) and (h) for samples 𝑇40℃, 𝑇55℃, 𝑇70℃, 𝑎𝑛𝑑 𝑇85℃, respectively. 

The particle size is being increases with increasing temperature. Also, Fig.3 is shows image of the uneven 

orientation of grains in the SEM image seems rough and agglomerated. It is preferable to trap charge carriers inside 

the gadget because of its rough construction, but doing so also reduces the device’s responsiveness and mobility 

[61]. 

 

D. UV-Visible Spectroscopy: 

Before being transferred into a quartz cuvette for analysis, a tiny portion of the powdered samples of 

T400C,T550C,T700C and T850C were sonicated in double distilled water to ensure appropriate dispersion. The UV-

Vis absorption spectra confirms the red shift in colour implying increase in particle size [62-64]. The absorption 

spectra in Figure 3 shows how the particle size increases with temperature. Distinct peaks are observed at 

595nm,619nm,599nm and 544nm with 400C,550C,700C and 850C respectively in all prepared CdSe QD’s[65]. 

Bandgap determination: 

The optical transition energy waws determined from the absorption spectra using Tauc’s relation [2,62,66]. 

                                               (αhυ) = B (hυ −  Eg)r                                              (2) 

Where hν is the photon energy, Eg is the optical bandgap, B is a constant, and r is an index that realies on the type 

of electronic transition that results in optical absorption. The values of r for allowed direct, allowed indirect, 

forbidden direct and forbidden indirect transitions are 1/2, 2, 3/2, and 3, respectively. [21] 

CdSe is recognized for its direct bandgap structure. For direct transitions, equation (1) is expressed as follows: 

                                                     (αhν) = B (hν − Eg)1/2                                            (3) 
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The relationship between(𝛼ℎ𝜈)2 and ℎ𝜈 for synthesized CdSe QDs is depicted in the inset spectra of each group in 

Figure 3. The linearity observed across a wide photon energy range suggests a direct transition. The bandgap values 

ofr the samples prepared at 40℃, 55℃, 70℃, 𝑎𝑛𝑑 85℃  were determined to be 

2.60𝑒𝑉, 2.25𝑒𝑉, 2.08𝑒𝑉 𝑎𝑛𝑑 1.89𝑒𝑉, respectively, which are higher than the bulk CdSe bandgap of 

1.74𝑒𝑉 [1, 21, 67]. The optical transition energy was determined by extrapolating the linear portion to the energy 

axis, where (𝛼ℎ𝜈)2 = 0. 

Fig.4(a), 4(b), 4(c) and 4(d) shows UV and Tauc graph of samples 400C,550C,700C and 850C respectively. 

 

Fig. 4(a) UV and Tauc graph for samples T400C Fig. 4(b) UV and Tauc graph for samples T550C 

 

Fig. 4(c) UV and Tauc graph for samples T700C   Fig. 4(d) UV and Tauc graph for samples T850C 

E. FTIR Characterization: 

The CdSe nonstructural material’s organic species are identified and characterized by FTIR Spectroscopy. Figure 

5 exhibits the FTIR analysis of CdSe QD’s given below: 

Sample 

No. 

Wavenumber as 

per Analysis 

(Cm-1) 

 

Analysis 

 

 

  T400C 

735 Cd - Se band stretching [72] 

992 CH2 rocking [4] 

1281 CH2 wagging [4] 

2607 symmetric stretching vibration of C – CH2 from the methylene chain [72] 

3762 weak band [72] 

 742 Cd - Se band stretching [72] 
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Fig. 5 FTIR Spectrum of the CdSe QD’s 

F. HR-TEM Characterization: 

In Fig. 6(a) shows a HRTEM image of Samples T400C, in which several CdSe QD’s are clearly visible and seen 

crystalline in nature. The average diameter was determined to be 3.65 nm. When compared to the size estimated 

from the XRD study, it was discovered that the quantum dots observed by HRTEM were slightly larger. The main 

reason of this result is due to the fact the X-ray only measures the nanocrystalline core size [68]. 

 

 

  T550C 

992 CH2 rocking [4] 

1289 CH2 wagging [54] 

1390 CH2 wagging [73] 

3279 O-H stretching of vibration peak [54] 

3435 the OH vibrations of hydroxyl group [74] 

 

 

   

 T700C 

742 Cd - Se band stretching [72] 

1000 C-O stretching [73] 

1421 CH2 bending [73] 

3279 OH group [73] 

2849 Symmetric stretching in CH2 vibrations of alkyl chain [73] 

 

 

 

T850C 

633 C-S stretching [73] 

742 Cd - Se band stretching [72] 

992 CH2 rocking [4] 

1281 CH2 wagging [4] 

2888 Symmetric stretching in CH2 vibrations of alkyl chain [73] 

2943 Asymmetric stretching in CH2 vibrations of alkyl chain [73] 
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 Figure 6(b) illustrates a histogram representing the size distribution of the measured QDs, with the majority having 

diameters ranging from 3.5nm to 4nm. Empirical relations proposed by Lu et al., which link size to excitonic peak 

position, suggest that the sizes and optical properties are in agreement [23,69-70,78-79]. HRTEM images of two 

QDs, along with their corresponding Fourier transformations, are presented in Figure 6(c) and 6(d). 

The typical zig-zag pattern of the Wurtzite crystal structure appears by the Fourier transform in Fig. 6(c), and the 

QD’s in Fig. 6(d) exhibit a Zinc blende crystal structure. The presence of CdSe QD’s Quantum Yield (QY) increases 

as compared to the Wurtzite structure, Xia et al. hypothesized [69,71] that the Zinc blende structure in these particles 

leads to improved optoelectronic capabilities. The QDs displayed continuous lattie fringes consistent with the 

Wurtzite structure of CdSe, exhibiting an interplanar spacing of 0.385 𝑛𝑚, as observed in the HRTEM analysis in 

Figure 6(e). the lattice fringes are distinctly visible in the lower section of the same image. 

Intensity Profile obtained from the atomic coloumn distance with lines in (e), with help of graph in Fig. 6(f) we 

have calculated the Interplanar Spacing in Fig. 6(e). 

 

 

Fig. 6(a) HRTEM of CdSe QD’s    Fig. 6 (b) Histogram of CdSe QD’s 

 

Fig. 6 (c) CdSe QD’s with Wurtzite Structure     Fig. 6 (d) CdSe QD’s with Zinc Blende Structure 
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Fig. 6 (e) Interplanar Spacing of CdSe QD’s     Fig. 6 (f) The intensity profiles, derived from the atomic columns 

indicated by the lines in panel 6(e), were analyzed with respect to the interplanar spacing. 

            G. EDX Characterization: 

In order to confirm the formation of CdSe QD’s EDX analysis was performed. During the EDX measurement 

different areas were focused and the corresponding peaks are shown in Fig. 7. Both Cd and Se can be seen in the 

synthesized QD’s in the EDX Spectrum. In Spectrum, the atomic quantity of Cd and Se were 76.03 and 23.96 

respectively.  

Details of the EDX Spectra of the CdSe QD’s values measured as atomic and weight % are listed in Table 7 (i): 

 

 

 

 

 

 

Fig.7(i) EDX Spectra of CdSe QD’s 

 

Element 

Cadmium (Cd)L Selenium (Se)K 

Weight(%) Atomic (%) Weight (%) Atomic (%) 

CdSe 

QD’s 

81.87 76.03 18.12 23.96 
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Energy dispersion X-ray (EDX) Spectroscopy was used to generate element distribution maps in order to investigate 

the locations of Cd, Se, and S in CdSe QD’s (Figure 7). Using Scanning transmission electron microscopy (STEM), 

a high angle annular dark field (HAADF) [23,78,79,80, 81] image of the sample CdSe QD’s is displayed in Figure 

7(a). The distribution of the Cd and Se elements in the same picture is shown in Figure 7(b). The positions of the 

atoms of Cd, Se, and S are shown in Figure 7(c-e). The intensity of the K (Se) or L (Cd) line in the EDX spectrum 

determines the colour brightness of a single selected pixel [23]. Element Cd distributed more in the lower half side 

as compared to the upper part of the structure in Fig. 7(c), Element Se distributed more in top right part of the 

structure in Fig.7 (d) and Element S is evenly distributed throughout the entire structure in Fig.7 (e). 

 

                     H. SAED Characterization: 

The SAED of the T400C sample is displayed in Figure 8(a);The Sample’s good crystallinity is indicated by the 

presence of distinct diffraction rings. The lattice planes that emerged had smaller interplanar spacing(d) than the 

bulk and were indexed with cubic planes (111), (220), (311), (422), (511) and (531). Thses lattice planes are 

Polycrystalline clear diffraction rings structure associated with the CdSe QD’s is cubic. [4,54, 68, 75, 76]. That 

XRD data by confirming that the Samples main phase has a Modified cubic structure.The polycrystalline clear 

diffraction rings structure of the produced CdSe nanoparticles' SAED pattern correlates to the lattice planes (111), 

(220), and (311), respectively, and is associated with cubic CdSe nanoparticles. 

IV. CONCLUSION 

Using the wet chemical method, CdSe QD’s are synthesized. XRD results reveal 0.2nm to 0.6nm particle size, at 

temperature 400C showing cubic phase with zinc blend structure of CdSe QD’s. SEM morphology shows that the 
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particle size increase with increasing temperature and the band gap decreases from 2.60 eV to 1.89 eV for 

temperature 400C,550C,700C and 850C respectively. Among all-material that we studied, the average particle size 

3.65nm and the smallest particle size is 1nm as well as the Wurtzite crystal structure and Zinc blende crystal 

structure appears by the Fourier Transform of material of temperature 400C. The surface area increases as the 

particle size decreases [82]. These CdSe QD’s did not agglomerate even after 550 days without using any Stabilizing 

agent. The typical zig-zag pattern of the Wurtzite crystal structure of CdSe QD’s can be also confirmed by Fast 

Fourier Transform (FFT) which is a generalized through ImageJ plug in for the calculation of Fourier transform. In 

Fig. 6(c), and the QD’s in Fig. 6(d) exhibit a zinc blende crystal structure. 

With these results, we conclude that with temperature set at 400C is promising material for the Dye Sensitized Solar 

Cell application. 
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