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ABSTRACT

Nickel selenide nano particles has been successfully synthesized from the reaction of nickel acetate [ (CHsCOO),
Ni.4H,0] with sodium selenite (Na,SeOs) in the presence of glycerol as capping agent and hydrazine hydrate (N,H,.
H,0) as reductant at 90°C for 6.30 hours through simple hydrothermal method. Doped NiSe:Mn is synthesized by
chemical co-precipitation method using NiCl,.6H,0, Na,SeO3; MnCl,.4H,0 and polyvinyl pyrrolidone (PVP) which
act as reductant and capping agent at room temperature. NiSe and doped NiSe:Mn were characterized by X-ray
diffraction (XRD), scanning electron microscopy (SEM), UV-visible , infrared spectroscopy (IR) and
photoluminescence (PL) spectra.
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INTRODUCTION

The study of metal chalcogenides, their synthesid eharacterization has attracted recently in ileéd fof
nanotechnology. Many metal chalcogenides find iapfin in the field of medicine like iron oxidey industries
like zinc oxide and as semiconductors. Various neptes have been employed for the synthesis of Imeta
chalcogenides like chemical method, hydrothermategss, solvothermal, CVD, ultrasonic synthesi$§]jludsing
poly vinyl alcohol (PVA) and cetyl trimethyl ammam bromide (CTAB) as surfactants. The doped metal
chalcogenides have attracted more attention aedatiire survey reveals that many such chalcogertides
successfully been synthesized [7-10]. In this papeattempt has been taken to synthesis NiSe Hyothermal
route and doped NiSe:Mn through co-precipitatiorihod. Effect of doping on the morphology has beedisd by
using X-ray diffraction (XRD), scanning electronamiscopy (SEM), energy dispersive X-ray spectrpgd&DX),
Fourier transform infrared spectroscopy (FT-IR), Wiéible spectroscopy and the effect on photolumoesce
property was compared using photoluminescence t@bnique.

EXPERIMENTAL SECTION

All the chemicals used during the experiments wanalytical grade and were used as such withouhdurt
purification. For NiSe synthesis, the chemicaksdusiere (6.9679), sodium selenite (4.8449), hydehidrate and
glycerol as capping agent. For NiSe:Mn synthebIigll,.6H,0 (1.1885g), Ng5eQ (0.8645g) MnCl,.4H,0O
(0.03249) using PVP as capping agent.

FTIR absorption spectra were recorded over 4000 erd* wave number region at a resolution of 8'cwith 1024
scans using deuterated tri glycine sulfate (DTG&gedor. The powders were investigated by FE-SEWhe
machine was operated at 12 KV at a working distaridesmm to identify the morphological propertigdgpowders.
PL spectra of the samples were taken using aladheblvent. The spectra were recorded between/30dm. UV
spectra of the samples were taken using alcohsblagnt. The spectra were recorded between 200r80EDX
analysis was carried out using FE-SEM spectromatier to SEM analysis. The machine was operateth ai
voltage of 16Kev. XRD analysis was carried outhie scan range of 10.000 — 70.000, with a scan spe€d0
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(deg/min). X-ray tube was operated at a voltagé0o® (kV).

Synthesis of NiSe

Nickel acetate (70 ml of 0.4 M) and sodium seleifit® ml of 0.4 M) with a stoichiometric ratio of lLwere
dissolved in deionised water. To this solutionnglOof glycerol and hydrazine hydrate (20 ml of 8) ¥as added
with constant stirring. The solution is kept fogating at 9°C in a mantle for 6 h. In addition, of hydrazine
hydrate, the yellowish green color slowly changedblue which turned to black on heating. The blaécipitate
was washed with deionised water and absolute alcedweral times to remove glycerol and other imesi
Finally, it was dried at 108C for one hour. The suggested mechanism is:

() NiCl,.6H,0 ————— Ni* + 2Ci + 6 H,0
(i) Na,SeQ ——— = 2 Nd + Se@?

(i) Ni '+ SeQ? ———— Na,SeQ
hydrazine hydrate

(iv) SeQ * + 2S€ + 30

(v) Ni 2 + Se&¥ ——— = NiSe

Synthesis of NiSe:Mn

NiCl,.6H,0 (25 ml of 0.2 M) and N&eQ (25 ml of 0.2 M), with a stoichiometric ratio ofllwere dissolved in 25
ml of deionised water drop by drop gradually. s tsolution, 10 ml of MnGI(10 ml of 0.02 M) and PVP (5 ml of
0.0002 M) is added drop by drop with constant istiyr This solution was kept in a magnetic stira¢rroom
temperature for 5 h. The yellowish green precipitzbtained was washed with distilled water andaeeseveral
times. Finally, it was kept for drying at 180 for one and half hours. In this method PVP astsuafactant as well
as reducing agent at room temperature [12]. Thgestgd mechanism is:

(i) NiCl,.6H,O —— = Ni " + 2CI + 6 HO
(i) Na;.SeQ ——————2 Na' + SeQ?

(i) Ni **+ SeQ?—— = NaSeQ

) . BVE .

(iv) SeG“ — =+ Se” + 30

(v) Ni #* + S¢& —— = NiSe

BVE
(vi) NiSe + Mn —— 3 NiSe: Mn

RESULTS AND DISCUSSION

Figures 1 and 2 show XRD patterns of NiSe and ddfiSe:Mn . XRD is a powerful non-destructive teicfug for
characterizing crystalline materials. It providesformation about the structures, phases, prefeasdtal
orientations and other structural parameters sacvarage grain size, crystallinity, strain andstaldefects. XRD
peaks are produced by constructive interferenca nfonochromatic beam of X-rays scattered at speaifgles
from each set of lattice planes in a sample. Thak patensities are determined by the distributib@atoms within
the lattice. The XRD plot of NiSe shows sharp pdalgcating crystallinity. The highest peak posgiisocorresponds
to the other rhombic structure with cell edges egponding to a=1.574 nm b=2. 341nm and c=0.692@/timaxial
angles 90 between the planes. The width of the XRD plot&life:Mn shows a decrease indicating the increase in
size of particles. This can be attributed due tpinp of Mn, the particles occupy in between NiSdipkes resulting
in an increase in size. The peak of the plot cpords to orthorhombic structure with edge length.@s6nm,
b=0.826nm and c¢=1.194nm (calculated using JCPDSRPIH-WIN VERSION 2.3 JUNE 2002 JCPDS - ICDD).

Figures 3 and 4 show Fe-SEM pictures of the samyi8e and doped NiSe:Mn. SEM provides informationthe
surface morphology. It is seen clearly that the sind shape of the molecules of NiSe changes ddepimg. A
great difficulty was observed while taking Fe-SEMaiges of Mn doped NiSe. The sample from the trag w
moving away when electron beam was passed. Thiseaattributed due to the presence of a large numbe
unpaired electrons in Mn, which interact with thectron beam used during the analysis. It was elbs®rved that
the appearance @roccoli shaped NiSe changes tdaken cluster shape. This is partly attributed due to doping
and also due to the presence of hydrazine hydrathe synthesis of NiSe [11] and absence of theesianthe
synthesis of doped NiSe:Mn. Itis also seen tHRDXand SEM results are in great agreement.
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Fig—1 XRD patterns of NiSe
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Fig —2 XRD patterns of doped NiSe:Mn
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Fig — 3 SEM images of NiSe

Figures 5 and 6 show EDX result of NiSe and NiSewhich confirms the presence of the respective etém
One of the impressive features of semiconductothéds ability to emit light. Upon excitations Wwitwavelength
shorter or equivalent to the absorption onset,lectren is promoted from the valence band to thedootion band
and upon relaxation a photon of light is emittdthe minimum photon energy that is required to exait electron
into the conduction band is associated with thedbgap of a material. PL describes the phenomeffidighat
emission from any form of matter after the absorptf photons. It is one of many forms of lumiresee and is
initiated by photo excitation. The most common ofEL is band gap or band to band transitionsrdgtetion and
detection of impurity and defect.

— EHT = 6.00 kv Signal A = SE2 Date :30 Aug 2014
WD = 88mm Mag= 5177 KX Time :15:13:16
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Fig—4 SEM images of doped NiSe:Mn
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Fig — 5 EDX result of NiSe
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Fig — 6 EDX result of doped NiSe:Mn

Figures 7 and 8 show PL spectra of NiSe and dop&d:NMn. The PL spectra of NiSe shows a band gapt6iim
= 2.8178eV. On doping with Manganese, the bandigagases from 440nm to 700 nm, thereby decreahimg
band gap energy to 1.7712eV. This shows that dineluctivity of NiSe has increased on doping withnganese.
The intensity of the peak also shows a red shifinfblue end.
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Fig — 7 Solution PL spectra of NiSe
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Fig — 8 Solution PL spectra of NiSe:Mn

Figures 9 and 10 show absorption spectra of NiSkedmped NiSe: Mn obtained in the wavelength ranig&90-
800nm. The absorption peak of NiSe is obtainedbatut 354nm. It is observed from the absorptiorctspeof
NiSe:Mn that there is no observable differencehandpectra after doping.
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Fig — 9 UV result of NiSe
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Fig — 10 UV result of NiSe:Mn

FT-IR spectra of NiSe and NiSe:Mn are given in Eigand 12. In figure 11, the most intense and lesiabland
appears at 3458 ¢ This can be associated with the vibrational moolesOH hydroxyl groups bonded with
external hydrogen and / or atoms of the chalcogengdructural network. A similar absorption frequeappears at
3450 cnt in figure 12. The other, much weaker band, assediwith the adsorbed molecule® which appear at
1658 cni'. The reason for the appearance of these absorpéinds is mostly due to the moisture absorbed &y th
sample from the environment during the sample pedjgen and due to IR measurement. The oxides angrihe
impurities that are strongly dependent on the chahdiomposition of chalcogenides. In all IR specatasorption
bands are present related to vibrations of oxygems bonded to basic elements or to carbon impatidyns. A
band appearing at 800-70 ¢roan be due to the presence of Ni-O bonds in thelpts. The broad and asymmetric
band centered at 578 and 499 taan be dependent on the composition, attributetetoribrational mode of Se-O
bonds.
I Il

vyO-H 3458 3450

yC-H 2922 2931

yNi-O 802, 704719

ySe-O 578, 499501

This table shows the different vibrational frequescacorresponding to the various modes of vibraticonfirming
the presence of NiSe:Mn.
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Fig — 11 IR result of NiSe
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Fig — 12 IR result of NiSe:Mn
CONCLUSION

NiSe and doped NiSe: Mn were successfully syntleesiby hydrothermal and co-precipitation processes
respectively. EDX analysis confirms the preserfcthese elements. SEM and XRD revealed that thécfesize
and shape is greatly influenced by doping. Brocebhped NiSe obtained changed to broken clustgreshtier
doping with Manganese. The possible reason forcti@nge in the structure has also been explainédspBctra
revealed that conductivity of NiSe is enhanced bpidg with Manganese. There is no observable rdiffee
noticed in absorption spectra of NiSe and dopeceMi8. IR spectrum also reveals the formation ofdN&®d Zn
doped NiSe.
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