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Zinc Selenide nanoparticles have been synthesis on glass substrate by chemical bath deposition. The optical
properties were investigated and the annealing temperature at 250°C for one hour on the transmittance
spectra and the energy bad gap were observed, transmittance was gradually decreased and band gap was
increased. The samples were measured by FESEM, XRD pattern and EDX. FESEM at various magnification
powers (15 000, 30 000, 60 000 and 120 000 X) ZnSe films have been viewed. ZnSe nanoparticles were
distributed with different sizes (26.61 —41.50 nm) and they were taken the form of nanosheets. ZnSe prepared
samples were analyzed by XRD and they were exhibited polycrystalline structure; the results were showed that
the samples have been mixture of cubic and hexagonal structure. After annealing at 250°C, we observed that
the intensity of planes is low, a small shift in the diffraction angles and average crystal size was decreased.
From elemental compositional of ZnSe films by EDX, the distinctive peak was due Zn element at 1 KeV and the

appearance other elements such as Se, C, N, O, Si, S and Ca with different percentage.
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1. INTRODUCTION

Zinc selenide is the II-VI family semiconductor [1]. It
has several interesting features such as chemically
inert, high shock resistance, non-hygroscopic, high
transmittance to infrared [2, 3]. ZnSe thin films were
basic material in the optical electronic devices such as
lenses output couplers, transistors, lasers, solar cells,
etc. and use in solid state lighting such as light emitting
diodes and industrial application [4-5]. These films were
characterized by owning a wide energy gap 2.7 eV at
room temperature [6] and a large binary energy 21 MeV
[7, 8]. ZnSe has been existed in two structural patterns:
cubic and hexagonal [9]. There are several techniques
for chemically deposition of thin films such as molecular
beam epitaxy [10], Vacuum evaporation [11], electro
deposition [12], chemical bath deposition [13-14],
chemical vapor deposition [15].

Chemical bath deposition is an appropriate method
for thin films because it can be a low cost and simplicity
[16]. In this work we prepared ZnSe nanoparticles on
glass substrates by CBD at room temperature and study
the optical (transmittance &band gap) before and after
annealing at 250°C in 1 hour and the structural
properties of ZnSe thin films by X-ray diffraction,
scanning electron microscopy and energy dispersive X-
ray have been investigated.
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PACS numbers: 61.46.Df, 78.67.Bf

2. EXPERIMENTAL DETAILS

ZnSe nanoparticles have been synthesis on glass
substrates CBD at room temperature. They cleaning using
ethanol, deionized water and acetone because removed any
contamination from substrate’s surface and washed again
with distilled water for three minutes after that by wash
with an acetone solution for three minute using ultrasonic
wave followed by awash again with distilled water for tow
minute and finally dried with an air dryer. ZnSe films are
prepared by mixing 0.5 M selenium in 10 ml of distilled
water with 0.5M of sodium sulfide. Then we boil the
mixture for three hours. The last solution used of the
element zinc selenide. Then the mix this solution with 0.5 M
of zinc sulphate in 10 ml of distilled water with 0.5 ml
ammonia and 1 ml hydrazine hydrate and it is placed over
magnetic stirrer for 1 min. then we put the samples inside
the solution for 24 hours. After that we gently lift them out
of the solution and leave them foe an hour to ensure they
dry. Finally, the samples were placed inside an evacuated
glass tube and put in an electric oven at 250°C for one hour.

The chemical reaction is given by [17]

ZnS0, -» Zn** + 502~
Zn** + 4NH; - [Zn(NH5)
Na,SeSO; + NyHy + Hy0 —
Se?” + Na,S0, + N, T +2H

[Zn(NH3),)** + Se?™ > ZnSe |
+4NH,
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Simplified overall equation for a chemical reaction can
be given by:

ZnS0,+ 4NH; + Na,SeS0; +
N,H, + H,0 —» ZnSe |
Na,SO,+ N, T +4NH; + H*

3. RESULTS AND DISCUSSIONS

The variation in the transmittance spectra for
wavelengths 300 — 1000 nm were shown in Fig. 1 (a, b). It
appears with convergence of edges and a clear decrease at
the edge of the range from 320 — 400 nm in the ultraviolet
region. The highest transmittance for ZnSe films was
recorded at 86.8% and we noticed that it gradually
decreases to reach 80.7% in the infrared region with the
annealing temperature at 250°C for 1 hour due to partial
evaporation of Se or formation of new defects such as the
presence of oxygen or moisture. This result is agreement to
[18]. It is worth noting that electronic transitions occur in
the visible region and are direct transitions.
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Fig. 1 — Transmittance spectra variation with wavelength (a)
before annealing (b) after annealing

Band gap energy was calculated from the (ahv)? versus
of photon energy as demonstrated in Fig. 2 (a, b) [19, 20,
21]. The energy gap 2.7 eV corresponding to the bulk Eg of
ZnSe [22], the Eg values increased from 2.7—-2.8eV at
annealing temp. 250°C. An increment in Eg; may be due to
the decrease in the defect and the crystallite sizes observed
in XRD results and after annealing, the crystallinity has
been improved which it was also agree with XRD analysis.
The equation that relates the absorption coefficient to
photon energy is given by [23].

ahv = A(hv — Ej)'/? (1)

where h — Plank constant, v — frequency, A — constant

In the FESEM images of the ZnSe films with different
magnification powers (15 000 X, 30 000 X, 60 000X and
120 000 X) as shown in Fig. 3. It was observed that the
nanoparticles covered all the surface, suspended on the
substrates and densely distributed with various sizes. The
shape of these particles is a rough disc, the upper part of
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which contains interlocking cells ends with long thin tips.
The images at (60 000 & 120 000 X), it seems that the
particles were taken the form of two-dimensional
nanosheets with sizes ranging from 26.61 to 41.50 nm.
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Fig. 3 - FESEM image for ZnSe nanoparticles syntheses at
different magnification powers
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OPTICAL AND STRUCTURAL PROPERTIES OF ZNSE NANOPARTICLES

The XRD analysis of ZnSe nanoparticles are shown in
Fig. 4 and listed in Table 1. The samples were exhibiting
polycrystalline behavior, it seems that the peaks were
sharper that can be indexed by the intense peak (111) and
other planes (200), (220), (222) and (400) of the cubic
structure which they were corresponding to the diffraction
angles 27.39°, 30.18°, 43.93°, 56.12° and 65.54°
respectively according to JCPDS of ZnSe, the results have
been agreement [16]. We also observed (100), (101), (102)
& (103) due to the hexagonal structure.

After annealing the samples at 250°C for 1 hour, all
peaks become lower intensity and the appearance another
peak of diffraction 74.58° at (420) plane. A small shift in the
diffraction angles occurs, the reason for this is that during
the process of twin crystal formation, a small displace occurs
between the adjacent multiple planes. Moreover, the
treatment of thermal decreased the defect and increased the
crystallinity of the ZnSe nanoparticles. Average crystal size
was decreased from 9.20 to 8.96 nm after annealing, which
was calculated by the Scherrer equation (2) [24-25].

_ KA
b= B cosé (2)

where 1 — wavelength equal 1.54 (A), B — width at half
maximum and 6 — Bragg’s diffraction angle.
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Table 1 — Results XRD for prepared and annealed ZnSe

nanoparticles
g
w
g5 @ &
= | S . | E : 3
g2 |8 & £ = ZEE
(111) | 27.39398 3.28847 | 0.38670 | 3.6900
(200) | 30.18467 2.83857 | 0.09330 | 15.3863 9.2090
(101) | 31.39534 2.83857 | 0.10000 | 14.4074
s (220) | 43.93296 2.06435 | 0.50400 | 2.9653
o3| (102) | 48.30369 1.90697 | 0.12000 | 12.6644
5§ (22 | 56.12175 1.63100 | 0.20000 | 7.8571
2 £ (103) | 62.91381 1.47489 | 0.18670 | 8.7030
(400) | 65.54035 1.42476 | 0.17330 | 7.9986
(100) | 26.64630 3.35523 | 0.07330 | 19.4389
(111) | 27.9274 3.19457 | 0.52000 | 5.71310 8.9654
& | (101) | 30.02051 2.95603 | 0.17330 | 8.2894
= | (200) | 31.5800 2.84649 | 0.21330 | 6.7543
S | (220) | 43.9429 2.06919 | 0.32000 | 4.6713
£ | 102 | 47.25718 1.91834 | 0.00000 | 0.0000
5 (222) | 58.74829 1.56806 | 0.20000 | 7.9527
& | (400) | 69.5417 1.35105 | 0.12000 | 14.0625
(420) | 74.5896 1.27056 | 0.36000 | 4.8410

The result of the elemental compositional analysis of
ZnSe nanoparticles has been showed the presence of six
main peaks, three for zinc located at the energies (1, 8.5
and 9.5 KeV). The distinctive peak with high intensities
due to zinc element and three peaks for elemental Se
located at 1.2 ,11.1 and 12.5 KeV. Also, we noticed that
the appearance of a number of elements with distinctive
peaks such as C, N, O, Si, S and Ca [26] as shown in
Fig. 5. The relative analysis was depicted in Table 2.

Fig. 5 — EDXA of ZnSe nanoparticles prepared by CBD

Table 2 — Elemental atomic and weight percentage of ZnSe

g nanoparticles by EDX analyses
Element Atomic | Atomic % | Weight | Weight %
g % Error % Error
T _ C 18.6 0.3 11.0 0.2
M Nﬁ A § § § N 17.8 0.4 12.3 0.2
o \ WA bt 0 471 [03 37.0  [03
0 10 40 50 60 70 80 90 Si 5.0 0.0 6.9 0.0
20 S 2.6 0.0 4.1 0.0
Ca 0.7 0.0 1.4 0.0
b Zn 6.7 0.0 21.6 0.1
Fig. 4 — XRD pattern for ZnSe (a) synthezid (b) annealed Se 1.5 0.0 5.7 0.1
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4. CONCLUSION

A direct energy gap value of ZnSe nanoparticles
prepared by CBD method were found 2.7 eV which it was
equal to the value of bulk band gap ZnSe. While the Eg
value for the samples annealed at temperature 250°C at one
hour has been increase to 2.8 eV. The transmittance spectra
for ZnSe were reached about 87% in infrared region. From
FESEM images of the ZnSe nanoparticles show the
appearance of two-dimensional nanosheets stacked together
with nanoscale sizes (26.61 —41.50 nm). The synthesized
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OnTudHi Ta CTPYKTYPHI BIaCTUBOCTI HAHOYACTUHOK ZnSe

A.A. Mahmood, S.A. Najim

University of Mosul, 41002 Mosul, Iraq

HanouactrHEY cesieHIny IIMHKY OyJIM CHHTE30BAHI HA CKJIAHIN IMAKJIAMIN MIJISXOM XIMIYHOTO OCAKEHHS y BAHHI.
Byno mocsrimskeHo OITHYHI BJIACTUBOCTI Ta TemIepaTypy Biamasay mpu 250°C ImIpoTsarom omHiel TOOMHW HA CIIEKTPL
[IPOILYCKAHHS Ta €HePreTUYHY [I0raHy IIUIMHY, IPOIyCKAHHS IOCTYIIOBO 3MEHIIIYBAJIOCS, A IIMPUHA 3a00pOHEHOI 30H!
30LIBIIyBasack. 3pasku BuMiposasm 3a gonomororo FESEM, XRD ta EDX. Bysm neperssanyTi wriskn ZnSe FESEM
mpu pisHMX cryneHsx 3oimsmenasa (15 000, 30 000, 60 000 i 120 000 X). Hanouactuakn ZnSe Oysm posmomisieHi 3
pisanME poamipamu (26,61 — 41,50 BEM) 1 otprMasm dhopMy HAHOIMCTIB. 3pasKu, OTpuMaHi 3 ZnSe, aHamisdysamm XRD,
1 BOHU J€MOHCTPYBAJIM TIOJIKPUCTAIYHY CTPYKTYpPY; PesyJibraTu mokasasu, 1o 3pasky OyJIm CyMIIIIo KyOoluHol Ta
TeKCarOHAJIBHOI CTPYKTyp. Ilicias Bigmamy mpu 250°C Mm crocrepirajm, II0 IHTEHCHBHICTh ILIOIIMH HU3BKA,
HEBEeJIMKHN 3CYB y KyTax AU(PAKIIL Ta cepeHiil po3Mip KpPHCTAIa 3MEHIINBCA. 3 €JIEMEHTHOTO CKJIALY IUTBOK ZnSe
3a moromoro EDX xaparrepHwuit mik 0yB dymosJieHnit eemenTom Zn mpu 1 KeB 1 mosBsomo iHIMIX eseMeHTIB, TaKux

ar Se, C, N, O, Si, Si Ca 3 pisHAM IIPOLIEHTHUM BMiCTOM.

Kmrouosi cnosa: ZnSe, Touki mnisku, Hanouactuuku, Crpykrypa, Onruka, XRD.

05012-4


https://doi.org/10.1016/j.jallcom.2016.06.180
https://doi.org/10.1016/j.jallcom.2016.06.180
https://doi.org/10.3934/matersci.2017.5.1095
https://doi.org/10.1590/S0103-97332002000200038
https://doi.org/10.21272/jnep.13(4).04028
https://doi.org/10.21272/jnep.13(4).04028
https://doi.org/10.1007/s12598-017-0905-x
https://doi.org/10.1016/j.jlumin.2017.08.017
https://doi.org/10.1016/j.jlumin.2017.08.017
https://doi.org/10.1016/j.jallcom.2009.07.102
https://doi.org/10.1016/j.jallcom.2009.07.102
https://doi.org/10.1088/0957-4484/18/47/475603
https://doi.org/10.1088/0957-4484/18/47/475603
https://doi.org/10.1088/0957-4484/16/5/001
https://doi.org/10.1088/0957-4484/16/5/001
https://doi.org/10.1016/j.jallcom.2008.11.036
https://doi.org/10.1016/j.jallcom.2008.11.036
https://doi.org/10.1016/j.tsf.2011.03.045
https://doi.org/10.21272/jnep.17(1).01008
https://doi.org/10.21272/jnep.17(1).01008
https://doi.org/10.21272/jnep.16(3).03032
https://doi.org/10.1088/0957-4484/24/5/055201
https://doi.org/10.1016/j.rinp.2017.04.026
https://doi.org/10.1016/j.mssp.2020.105118
https://doi.org/10.21272/jnep.11(2).02003
https://doi.org/10.21272/jnep.11(2).02003
https://doi.org/10.21272/jnep.11(5).05025
https://doi.org/10.21272/jnep.17(2).02012
https://doi.org/10.21272/jnep.17(2).02012

