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INTRODUCTION

In the recent years, II-VI compounds semiconductor material (such as CdSe, CdS, ZnS…) have attracted great interest of 
researchers due to their potential applications in LEDs, solar cells, lasers, field emitters, photodetectors, fluorescent probes, 
biosensors, and so on. These materials have so far been the most studied nanocrystal colloid systems with the controlled growth 
of particles’ diameters between 1.5 and 12 nm, and their size-dependent absorption edge covers the entire visible spectrum [1-9]. 
However, preparation of small nanocrystals having edge in the UV-blue ranges still remains to be challenging. Up to now, these 
recent synthesized nanocrystals exhibit low quantum yield and broad emission. This limits in the blue and justifies development 
of other materials such as ZnSe.

ZnSe semiconductors (2.67 eV) having large exciton biding energy (21 meV) and strong luminescence in the blue region is 
considered as a potential material for the optoelectronic devices, including blue laser diodes, light-emitting diodes (LEDs), and 
photodetectors as well as in fundamental researches. In addition, these Cd-free materials are believed to be good candidates 
for biomedical labelling and for using in active regions of advanced optoelectronic devices [10-27]. Latest publications that we have 
collected mainly focus on different methods to prepare materials. Majorities of the publications reported about the change of 
nanocrystals’ shape and size depending on the synthesis conditions (reaction temperature, pH, ratio of precursors as well as 
effect of surfactants…), among them, only a few show the optical properties of ZnSe.

In this paper, we present the results on the syntheses of ZnSe NCs by hydrothermal method at 190°C for different annealing 
times (5÷30 hour) and investigate the effect of the annealing time on structural and optical properties of ZnSe NCs. The 
characterizations of room-temperature optical absorption and luminescence, elemental analysis, powder X-ray diffraction (PXRD), 
and high resolution transmission electron microscopy (HRTEM) are presented and discussed.

Annealing Time-Dependent Structural and Optical Properties of 
Znse Nanoparticles

Bui Thi Thu Hien1, Nguyen Thu Loan1, Pham Thi Thuy2 and Tran Thi Kim Chi1*
1Institute of Materials Science, Vietnam Academy of Science and Technology, Vietnam

2Saigon University, Vietnam

Research Article

ABSTRACT

In this paper, ZnSe nanoparticles (NCs) have been successfully 
prepared via hydrothermal method using selenium and zinc powder 
as precursors at 190°C for different annealing times (5÷30 hour). The 
influence of annealing time on the structure and optical properties of 
ZnSe NCs was investigated by using X-Ray diffraction (XRD), Raman 
spectroscopy, high resolution transmission electron microscopy (HR-
TEM), and absorption/photoluminescence spectroscopies. The results 
showed that the size and luminescence efficiency of the ZnSe NCs was 
increased with annealing time. The obtained ZnSe NCs with high crystal 
quality and luminescence efficiency emit 470 nm blue light with a full 
width at half maximum (FWHM) of about 16 nm, which suggests that 
they are promising candidates for potential applications in solid-state 
lighting.
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EXPERIMENTAL SECTION

Chemicals

Zinc powder and selenium powder were purchased from Sigma-Aldrich while sodium hydroxide and absolute ethanol were 
purchased from Merck. All chemicals used in this work were purchased and used as received without any further purification.

Experimental Procedure

Zinc Selenide (ZnSe) nanoparticles have been successfully synthesized by hydrothermal method in a Teflon lined autoclave. 
Selenium (Se) and zinc (Zn) powder were directly used as source materials.

First of all, given amounts of Zn and Se powder with an atomic ratio of 1.5:1 were put in a Teflon autoclave of 100 ml. Then 
4 M NaOH aqueous solution was poured into the Teflon liner up to 70% of its total capacity. The suspension solution was sealed 
immediately in the autoclave and then soaked at 190°C for 5 hours (h) to 30 hours. The autoclave was then allowed to cool 
down to room temperature naturally. The products were collected by centrifugal sedimentation, and washed by ionized water and 
absolute ethanol repeatedly. Finally, the samples were dried at 80°C for 2 hours. The obtained powders were light yellow greenish.

Characterizations

The structures of the obtained samples were investigated by X-ray diffraction (XRD, D8 ADVANCE) and Raman scattering 
(LabRam HR Evolution using the 532-nm laser excitation). Their surface morphology was studied using a field emission scanning 
electron microscope (FE-SEM, S-4800, HITACHI) and also EDX analysed with high resolution transmission electron microscope 
(JEM 2100, JEOL). Optical characterizations were performed with PL measurements. The PL signal was dispersed by a 150-grating 
monochromator (Horiba iHR550) and then detected by a thermoelectrically cooled Si-CCD camera (Synapse).

RESULTS AND DISCUSSION

Figure 1 shows the XRD patterns of the samples prepared by various annealing times of obtained ZnSe. All diffraction peaks 
are highly symmetric and match well the standard data for ZnSe (00-037-1463). The distinct diffraction peaks with 2θ values 
of 27.220, 45.190, 53.560, 65.830, 72.620 and 83.4490 could be well indexed to (111), (220), (311), (400), (331) and (422), 
respectively. The results indicate that the synthesized sample is in a cubic phase. The samples annealed for different times share 
similar peak positions, but different in diffraction intensities, referring to the similarity in structure phase. The high degree of 
crystallinity can also be confirmed by HRTEM image, as pictured in Figure 2. The effect of annealing time on structural properties 
of samples was also studied by Raman scattering. Figure 3 shows a typical Raman spectrum of ZnSe with the three Raman lines 
at 138 cm-1, 203 cm-1 and 250 cm-1 corresponding to 2TA, TO and LO phonon mode [28-30].

 

Figure 1: XRD patterns of the samples prepared at 190°C for different annealing times from 5 to 30 hour.
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Figure 2: HRTEM image of ZnSe NPs at 190°C for a annealing time of 20 hours. The size bar represents 2 nm.

Figure 3: Raman spectra of ZnSe at various annealing times.

Figure 4: STEM-mapping images of ZnSe NPs.
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Figure 4 shows STEM-mapping images of ZnSe NCs, indicating the existence of the Zn and Se. Figure 5 shows the SEM 
images of ZnSe prepared at 190°C from 5 hours to 30 hours. The results demonstrated the effect of annealing time on shape and 
grain size of ZnSe nanoparticles. Both small (about 80 nm) and large grain size (800 nm) of ZnSe nanoparticles were observed at 
the 5 hour annealing sample. When annealing time is increased, the grain sizes of ZnSe nanoparticles were also increased with 
the smaller particles size range. For example, as the annealing time increased to 30 h, some regular large crystals about 900 nm 
were observed.

 

Figure 5: SEM image of ZnSe NPs at various annealing times.

Photoluminescence (PL) spectra of ZnSe QDs samples with different synthesis times are presented in Figure 6. The sample 
was excited with an excitation source at 350 nm. The ZnSe nanoparticles emitted a blue light of 470 nm with a full width at half 
maximum (FWHM) of about 16 nm. It is showed that PL intensity of ZnSe is increased with annealing time.

 
Figure 6: Photoluminescessce spectra of ZnSe NPs.

CONCLUSION
ZnSe NCs were successfully prepared by hydrothermal method. The phase formation and crystallinity of as-prepared ZnSe 

NCs were confirmed by XRD analysis, Raman spectroscopy, and HR-TEM. The optical spectra of the ZnSe NCs exhibited a blue of 
the photoluminescence peak and increase with annealing time.
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