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-----------------------------------------------------------------****---------------------------------------------------------------ABSTRACT:
This work reports the 120 MeV Fe3+ Swift Heavy Ions
(SHIs) irradiation of copper doped ZnTe quantum dots. X-ray
diffraction (XRD), high resolution transmission electron
microscope (HRTEM) and Scanning electron microscope
(SEM) studies have been carried out on the unirradiated and
irradiated samples of ZnTe:Cu. UV-Vis absorption spectra of
irradiated samples show a slight shift of absorption edge
towards higher wavelength with the increase of fluence.
Moreover, intense fluorescent peaks are observed at green
region for the irradiated samples. Significantly better
luminescent peaks are observed at the same wave length for
the irradiated samples.
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1.INTRODUCTION:
Semiconductor Nano crystals are promising building
blocks with fundamental importance of exhibiting quantum
size effects (1-3) and tunable band gap energies. Swift heavy
ion (SHI) irradiation plays a crucial role in modifying the
properties of thin films, foils, and surfaces of bulk solids. SHI
penetrate deep into the material and produce a long and
narrow disordered zone along their trajectory (4-6). Effect of
the ion beam on the materials depends on the ion energy,
fluence, temperature, and ion species (7). The irradiation
effects in semiconductor materials are known to be
manifested as changes in the physical, optical, and electrical
properties (8) and it leads to a new field of application. The
synthesis of highly monodisperse quantum dots (QDs) over a
range of chemical composition is still a challenge in material
science. Several manufacturing techniques that usually
employ molecular processing in vacuum or liquid medium are
in use (9). Most of the techniques are expensive, as well as
inefficient in materials and energy use. Hence, there is an
ever-growing need to develop cheap and nontoxic synthesis
procedures. But only few reports are available about the
preparation of ZnTe QDs. Dwivedi et al. (10) prepared ZnTe
nanoparticles of 2.6 nm
based on the chemical
replacement reaction among the chemical compounds. Here,
the Copper doped ZnTe samples are prepared through
chemical method.
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This study concerns the Fe3+ ions irradiated copper
doped zinc telluride (ZnTe: Cu) quantum dots with 120 MeV
at different fluence. The effect of SHI irradiation on
Fluorescence of ZnTe: Cu quantum dots is completely a piece
of novel work that has been explored by the investigators.
These studies demonstrated a significant enhancement of
luminescence in case of irradiated samples at a fluence of 3 ×
1012 ions/cm2. X-ray diffraction, HRTEM and SEM and UV-vis
absorbance analysis of pre and post irradiated samples are
also presented and discussed.

2. EXPERIMENTAL:
To prepare Copper doped ZnTe QDs, hydrazine hydrate,
ethylene glycol and de-ionized water are mixed in the
volume ratio of 1:3:6 respectively. Then, 0.6 g zinc acetate
and 0.638 g tellurium powder are poured into the conical
flask. The solution is refluxed under vigorous stirring at 300
0C and Copper Chloride is poured with the solution and
stirred for 6 h. When the reaction is over the greenish brown
precipitate is collected and washed with anhydrous ethanol
and hot distilled water for several times. Then it dried in
vacuum at 50 0C for 6 h.
Copper doped zinc telluride thin films are grown on glass
substrate and irradiated at room temperature with 120 MeV
Fe3+ ions with fluence of 1 × 1011 (BS1), 3 × 1011 (BS2), 1 ×
1012 (BS3) and 3 × 1012 (BS4) ions/cm2 . The ion beam
current was kept as 1 pnA (∼6 · 25 × 109 ions/s) to avoid any
heating effect. The ion beam was scanned over an area of
10×10 mm2 using electrostatic scanner to uniformly
irradiate the whole sample. The crystalline phase of the
ZnTe: Cu thin films are characterized using an X-ray powder
diffract meter (Bruker , λ=1.5418 Å). The surface morphology
was examined using scanning electron microscopy (JSM
6390LV). HRTEM observations are performed by using a Jeol
JEM-2100 transmission electron microscope, operating at
200 kV accelerating voltage, with an interpretable resolution
limit of 0.16 nm. UV–visible absorption spectra are recorded
using a
Perkin Elmer
Lambda-35 UV–visible
spectrophotometer. Fluorescence (FL) spectra of the samples
are recorded with Perkin Elmer LS-45 Fluorescence
spectrometer. Optical measurements are carried out at room
temperature under ambient condition.
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3.RESULTS AND DISCUSSION:

Fig-1 X-ray diffraction patterns of ZnTe: Cu samples
with different fluence.
The X-ray diffraction patterns of the unirradiated and
irradiated ZnTe:Cu samples with 120 MeV Fe3+ ions for
the fluence of 1 × 1011, 3 × 10 11, 1 × 1012 and 3 × 1012
ions/cm2 are presented in Fig. 1. All unirradiated and
irradiated samples exhibited peaks at 2θ = 24.2°, 41.2°,
and 48.8° respectively, which correspond to the lattice
planes <100>, <111>, and <200> confirming the formation
of cubic structure of ZnTe:Cu. No change in the phase of
ZnTe:Cu was observed after ion irradiation. The average
particle diameters of the sample were calculated using
Debye-Scherrer’s formula (11, 12). The average
particle size ‘d’ is found to be 8.8 nm for unirradiated
samples remain unaltered 8.8 nm and 9 nm with ion
fluence 1 × 1011 (BS1), 3 × 1011 (BS2) and 1 ×1012
(BS3) respectively, but slightly increased upto 11.4 nm
at higher fluency BS4.

Fig-3 SEM images of irradiated ZnTe: Cu QDs samples at
different fluence
The Morphology of the ZnTe:Cu QDs are observed by TEM
and SEM as shown in fig. 2 and fig. 3. It is evident from the
TEM (HR) micrographs that the average size of particles as
directly measured from the ruler of the image is 2-14 nm.
The micrograph show clearly endorses the formation of
well-separated and crystalline nanoparticles of ZnTe:Cu.
The sizes of particles remain unchanged for the samples
irradiated at lower fluence. At higher fluence (BS4), size of
particles slightly large, which is probably due to dispersion
of the particles in the sample. The SEM images of irradiated
samples reveals the rough surfaces of ZnTe:Cu QDs. With the
increase of fluence, the surface roughness increases but
agglomeration of particles has not been observed.
Fig-4 Optical absorption spectra of ion
irradiatedZnTe:Cu samples.

Fig-2 HRTEM images of irradiated ZnTe: Cu QDs samples.
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CONCLUSION:
In summary, we have synthesized Copper doped ZnTe
quantum dots of sizes <15 nm by a simple chemical route.
Prepared samples are irradiated with Fe3+ ions at 120
MeV. The XRD patterns exhibited the cubic structure for all
the samples and no other crystalline phase is detected
after ion irradiation. Sharp absorption edge is observed for
the unirradiated samples at 298nm. Irradiated samples
also show similar absorption edge at the same wavelength
range. Sharp absorption edge reveals the quantum
confinement of particles. Intense fluorescence peaks are
observed at green region (560 nm to 568 nm) for the ion
irradiated samples. It reveals the probable application of ion
irradiated ZnTe:Cu QDs as nano light emitting device.

Fig-5 FL spectra of ion irradiated
ZnTe:Cu samples
Fig. 4 compares the optical absorption spectra of
unirradiated ZnTe:Cu QDs with irradiated ZnTe:Cu QDs
using different fluence. The absorption spectra have been
observed at room temperature. Blue shifted absorption
edges are observed at 298 nm for unirradiated ZnTe:Cu
samples (B) with energy band gap 4.15 eV which may be
caused due to the quantum confinement (13,14). The
absorption edges are appeared at 299 nm, 302 nm and 314
nm for irradiated samples. Absorption edges for the
irradiated samples are observed at nearly same wavelength
range. It’s slightly shifted to higher wavelength (314 nm)
at higher fluance (3 x 1012ions/cm2). The sharp
absorption peaks reveals that the size of the ZnTe:Cu QDs
could be close to monodisperse (15). The values of the
particle sizes are calculated (16) to be 12.44 nm for samples
B, BS1,and BS2 respectively. And it does slightly differ to
12.54 nm and 12.88 nm for BS3 and BS4 respectively. Size of
the QDs, remain unaltered during irradiation.
Fig. 5 displays fluorescence spectra recorded at room
temperature for unirradiated and ion irradiated ZnTe:Cu
sample. It has been observed that for an excitation
wavelength at 350 nm, emission peak are appeared at 560
nm for unirradiated ZnTe:Cu QDs. The ion irradiated samples
also show broad emission peaks at 560 nm, 565 nm and 568
nm with different fluence of Fe3+ ions. Emission peaks
observed at 560 to 568 nm region for different fluence are
attributed to the incorporation of doped Cu2+ ions in ZnTe:Cu
QDs (17,18). When Cu2+ ions are doped into ZnTe
nanoparticles more defect states will be introduced. And the
Fe3+ ions irradiation enhanced the Cu2+ ions vacancies in
ZnTe:Cu QDs. Probably, due to this reason intensity of peaks
gradually increases with the increase of fluence and the
intensity tends to become saturation for higher fluence with
the saturation value of Cu2+ ions. Consequently, Fe3+ ions
irradiated ZnTe:Cu QDs are applicable for producing Light
Emitting devices (LEDs) in green region.
© 2017, IRJMRS
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