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Abstract: We synthesize pure and (Ni, Al) co-doped Zinc Oxide (ZnO) nanoparticles by chemical co-precipitation method at
room temperature successfully using poly ethylene glycol (PEG) as stabilizing agent. In the preparation, we kept one dopant
element aluminum at constant concentration, 5 mol% by varying the other dopant concentration from one to three mol%.
Following the completion of synthesis, the nanopowders are cautiously subjected to diverse characterizations such as XRD,
SEM with EDS, TEM, PL, UV-Vis-NIR, Raman and VSM to determine the properties to be found the structural, optical and
magnetic. XRD data shows that all the nanopowder samples acquire hexagonal wurtzite crystal structure by means of no
secondary phases connecting to aluminum or nickel; this indicates the well dissolution of aluminum and nickel in to ZnO host
lattice. The exact size of particles is predicted using TEM illustrations, which are more or less confirmed by the XRD data. The
morphology of the samples is identified using SEM images, and EDS spectrum reveals that no impurities are present in the
powder samples than nickel and aluminum. Optical properties are deliberated via PL spectrum and UV-Vis-NIR spectra, every
one of the samples have defect related peaks in the visible region. Magnetic properties are estimated by means of the technique
VSM, except pure ZnO nanoparticles remaining all the doped samples contains the Ferro magnetic nature.
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lot of methods are existing for the synthesis of Zinc Oxide
nanostructures for instance physical methods and chemical
methods. A few methods are Solution combustion method
[13], DC thermal plasma method [14], Sputtering method
[15], Sol-gel method, Chemical vapor deposition (CVD)
[16], and Chemical co-precipitation [17-20]. Out of all these
methods, we selected chemical co-precipitation method for
the synthesis of Zinc Oxide (ZnO) nanoparticles owing to its
less cost, large uniformity and substantial yield of
nanoparticles. In the current work ZnO and (Ni, Al) co-doped
ZnO nanoparticles are productively synthesized at room
temperature by poly ethylene glycol (PEG) as stabilizing
agent.

1. Introduction

In the recent years, semiconductor nanomaterials comprise
fascinated large attraction owing to their significant
technical, scientific and industrial applications, for instance
Optoelectronics, Photonic devices, nanoelectronics and
storage devices [1-5]. Zinc Oxide is a wide band gap (3.37
eV) semiconductor having great binding energy (60 meV) by
wurtzite crystal structure encompassing of large optical gain
at room temperature via strange distinctive spintronics and
photonic properties [6-9]. Recently ZnO based Dilute
magnetic semiconductors had been concentrating on a novel
practical technologies such as spin — electronics or
spintronics [10-12]. Dilute magnetic semiconductors are
semiconducting alloys by spin carriers in accumulation to
charge carriers while adding of degrees of freedom in a
particular substance synthesized through dilute replacement
of transition metal ions semiconductor host material. Quite a

2. Experimental Section
2.1. Synthesis

For the synthesis of pristine and (Ni, Al) co-doped Zinc



2 Peyyala Swapna and Sakirevupalli Venkatramana Reddy: Structural, Optical and Magnetic
Properties of (Ni, Al) Co-Doped ZnO Nanoparticles

Oxide nanoparticles, zinc acetate de hydrate (Zn (CH;COO),
2H,0), potassium hydroxide (KOH), are used as starting
materials and nickel chloride, aluminum nitrate nano hydrate
(Al (NO3)3.9H,0) are selected as doping materials. All the
chemicals are analytical grade and prone without ancillary
purification. To synthesize pristine and (Ni, Al) co-doped
Zinc Oxide nanoparticles of 0.2M solution, Zinc acetate de
hydrate (Zn (CH3COO), 2H,0), is dissolve in de-ionized
water, potassium hydroxide solution is consequently
supplemented drop by drop at stable stirring of 10 hrs to form
white precipitate. Aluminum nitrate nano hydrate (Al
(NO3);.9H,0) and nickel chloride solutions are merged
through the above solution, in drops to synthesize (Ni, Al)
co-doped Zinc Oxide nanoparticles. By decontaminating the
formed Precipitate via the process of filtration and cleansed
much more number of times using de-ionized water, surplus
chemical species created for the duration of the process of
synthesis are detached. Then all the samples are dried at
70°C for 9hrs and grind the powder samples finely with the
help of agate mortar. At the end all the samples are annealed
in the furnace at 500°C for lhour.

2.2. Characterizations

The synthesized samples are carefully subjected to the
following characterizations. Powder X-Ray Diffraction
(XRD) pattern is recorded on Bruker diffracto meter within
20 range of 20° to 80° via CuKa as X-ray source (A =
1.53906 A). The surface morphology and chemical analysis
of pure and co-doped Zinc Oxide nano powders are
calculated by SEM through EDS (model CARL-ZEISS

4000

EVOMA 15). The properties obtained by XRD are
corroborated by Transmission electron microscopy (TEM)
(Model: philips CM200) and high resolution TEM (Model:
Tecnai G2, F30). UV-Vis-NIR (Varian model: 5000), Raman
spectroscopy is carried out by (Model: STR 500 mm) Focal
length Laser Raman spectrometer Photoluminescence studies
were carried out by PL spectrometer (Model: FLS980
spectrometer) with a 450 w Xenon arc lamp used as an
excitation source. Magnetic properties are studied by the use
of the technique Vibrating sample magnetometer (VSM).

3. Results and Discussions
3.1. Structural Properties

3.1.1. XRD Analysis

The XRD images of pristine and (Ni, Al) co-doped ZnO
nanostructures are shown in the figure 1. The diffraction
peaks of all the concentrations correlate to hexagonal
wurtzite crystal phase of Zinc Oxide and the positions of all
the diffracted peaks are consistent with the pattern of (JCPDS
CARD NUMBER: 36-1451). Lack of secondary phases
reveals absence of impurity phases involving aluminum or
nickel within the detection limit of the instrument. The peaks
concerning to co-doped Zinc Oxide shows high intensity in
view of the pure Zinc Oxide nanoparticles. From this we can
deliberate that doping of nickel in the increased concentration
into Zinc Oxide the intensity of diffracted peak is accessible
high. By enhancing the concentration of nickel into ZnO
diffracted peaks shifting towards higher wavelength.
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Figure 1. XRD illustration of (a) Pristine ZnO (b) 1 mol% (c) 2 mol% (d) 3 mol% of Ni doped ZnO nanoparticles ( By Keeping Aluminum = 5.0 mol% as

constant).

The size of crystallite is calculated through the Debye-
scherer formula d=0.91A/B cos6, where‘d’ is the crystallite
size, ‘A’ is the wavelength of the X-rays and ‘0’ is the
Bragg’s angle of diffracted rays. The calculated crystallite
sizes of pristine and co-doped Zinc Oxide are in the range of

21-19 nm. As of the calculations of diffracted peaks, we
found the nanoparticle size decreases by the increased nickel
concentration. It is illustrious that as of XRD pattern, co-
doped Zinc Oxide nanoparticles have large crystalline nature
compared to pristine Zinc Oxide sample.
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3.1.2. Raman Analysis

Raman spectroscopy is the best technique for estimating
the inclusion of dopant elements, defects and chaos in a
lattice of a host lattice [21]. Regarding the doped
nanostructures, surface is altered owing to charge transport
linking the host lattice and dopant element; here it alters the
optical Raman spectrum [22]. Figure 2 shows the Raman
spectra of pure Zinc Oxide nanoparticles and Figure 3 shows
the Raman spectra of (Ni, Al) co-doped Zinc Oxide
nanoparticles. Regarding Pure ZnO, the peaks appeared at
158 cm’, 33lem™, 580cm™ are ascribed to the first and

second order vibration modes of Zinc Oxide nanoparticles
[23]. The Raman spectra of pure and co-doped samples show
the Raman intensive peak at 437 cm™', which is a higher
frequency (E,y) mode. Additional Raman peaks found at
about 330 cm™ and 832cm™ might be attributed to multi
phonon modes E,y-Eyp and (A1 (TO) + E,p) correspondingly,
where as the Raman intensive peak observed at 882cm™ is
ascribed to Zn-O-Zn vibration mode. In the range of 1,050
em™” to 1130 em™ second order vibrations might have been
found [24].
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Figure 2. Raman spectra of (a) Pristine ZnO.
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Figure 3. Raman spectra of (a) 1 mol% (b) 2 mol% (c) 3 mol% of Ni doped ZnO nanoparticles (Here Al = 5.0 mol% is kept as constant).

3.2. Morphological and Compositional Analysis

3.2.1. SEM and EDAX Analysis

Scanning electron microscopy (SEM) is prone to evaluate
the morphology of pristine and (Ni, Al) co-doped Zinc Oxide
nanoparticles. The illustration of the pristine ZnO nano
particles reveals a smaller amount of agglomeration where as

co-doped ZnO samples reveal huge agglomeration by
increasing the nickel concentration as given in figure 4. All
the pictures are plainly representing the non homogeneous
spherical and irregular shape of the nanoparticles. EDS
spectrum indicates the integration of dopant elements into
Zinc Oxide host lattice, it obviously shows the presence of
impurity elements such as nickel and aluminum and non
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existence of other impurities in ZnO host lattice as shown in ~ Zinc and oxygen elements. Weight and atomic percent of
figure 5. The EDS spectrum of pristine ZnO reveals only  zinc, oxygen, nickel and aluminum are mentioned in table 1.
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Figure 4. SEM images of (a) UndopedZnO (b) 1 mol% (c) 2 mol% (d) 3 mol% of Ni doped ZnO nanoparticles (Here Al = 5.0 mol% is kept as constant).

1200

o 2 4 & 8 10 12 14 16 18 20
Full Scale 1220 cts Cursor: -0.161 (0 cts) 5

zs

Full Scale 617 cts Cursor: -0.161 (D cts)




6 Peyyala Swapna and Sakirevupalli Venkatramana Reddy: Structural, Optical and Magnetic
Properties of (Ni, Al) Co-Doped ZnO Nanoparticles

78

Full Scale 617 cts Cursor: -0.161 (0 cts)

Figure 5. EDS spectrum of (a) Un doped ZnO (b) 1 mol% (c) 2mol% (d) 3mol% of Ni doped ZnO nanoparticles (Here Al = 5.0mol% is kept as constant).

Table 1. Shows the weight and atomic percent of Zn, O, Ni and Al.

Serirs Zn (0] Ni Al

Weight% Atomic% Weight% Atomic% Weight% Atomic% Weight% Atomic%
Pure ZnO 59.88 26.76 40.12 73.24 - - - -
Ni-1, Al-5 mol% 73.03 41.53 23.39 54.34 1.09 0.69 2.49 3.43
Ni-2, Al-5 mol% 63.62 33.85 25.57 55.57 4.81 2.85 6.00 7.74
Ni-3, Al-5 mol% 61.47 32.87 24.53 53.60 6.58 3.92 7.41 9.60

3.2.2. Tem, Hrtem and Saed Analysis

Transmission electron microscopy (TEM) is experienced (b)
to evaluate the accurate size of the pristine and co-doped
Zinc Oxide nanoparticles. Figure 6 shows the TEM
illustrations of pristine and (Ni, Al) co-doped ZnO
nanoparticles. The size of nanoparticles determined by TEM
images are approximately confirmed by the XRD data.
Figure 7 shows the HRTEM images and SAED pattern of
pristine and co-doped ZnO nanoparticles. HRTEM picture of
the pure ZnO shows the 5 nm clear lattice fringes whereas
co-doped sample shows 2 nm clear lattice fringes. SAED
pattern of pure and co-doped ZnO nanoparticles are
coincided with the XRD data.




Advances in Materials 2019; 8(1): 1-11 7

Figure 6. TEM images of (a) Undoped ZnO (b) 1 mol% (c) 2 mol% (d) 3
mol% of Ni doped ZnO nanoparticles (By keeping Al = 5.0 mol% as
constant).
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Figure 7. HRTEM images of (a) Pure ZnO (b) 3 mol% of Ni doped ZnO
nanoparticles, SAED pattern of (c) Pure ZnO (d) 3 mol% of Ni doped
ZnOnano particles (By keeping Al = 5.0 mol% as constant).

3.3. Optical Properties

3.3.1. Photoluminescence (PL) Studies

Photo luminescence spectroscopy (PL) is prone to analyse
the emission nature of pristine and (Ni, Al) co-doped
nanoparticles recorded at room temperature in the region of
400 nm to 750 nm as shown in figure 8. All the emission
peaks are found in the visible range. The peaks are appeared
at 436 nm, 462 nm, 480 nm, 492 nm, 547 nm, and the broad
peak appeared from 580 nm to 636 nm centered at 609 nm.
The peaks found at 436 nm, 462 nm, 480 nm are blue
emission peaks and the origin of blue emission in ZnO is due
to oxygen vacancies (Vo) [25, 26]. The peaks appeared at 492
nm, 547 nm are green emission peaks, which can be ascribed
to impurities compatible by means of single ionized vacancy
of Oxygen in ZnO nanoparticles [18, 27-28]. The broad
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emission band appeared from 580 nm to 636 nm centered at
609 nm is in the region of Yellow, Orange and Red and
reports the peaks which might occur in the visible region

140000

belongs to origin of defects such as oxygen vacancies (Vo)

and intrinsic defects (Zni) in Zinc Oxide (ZnO) nanoparticles
[27].
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Figure 8. PL spectra of (a) Undoped ZnO (b) 1 mol% (c) 2 mol% (d) 3 mol% of Ni doped ZnO nanoparticles (Here Al = 5.0 mol% is kept as constant).

3.3.2. UV-Vis-NIR Analysis

The optical absorption of the pristine and co-doped Zinc Oxide nanopowders is characterized by UV-Vis-NIR in the
wavelength region of 200-800 nm. In the UV-Vis-NIR DRS spectrum, there is a slightly shifting in the absorption edges of co-
doped nanoparticles towards lower wavelength region comparing to pure ZnO. Figure 9 shows the diffuse reflectance spectra
of Pure and co-doped nanopowders and shows the characteristic absorption edge in the vicinity of 375 nm.
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Figure 9. Diffuse reflectance spectra of (a) Un doped ZnO (b) 1 mol% (c) 2 mol% (d) 3 mol% of Ni doped ZnOnano particles (Here Al = 5.0 mol% is kept as

constant).

3.4. Magnetic Properties

Room temperature magnetization curves of (Ni, Al) co-
doped ZnO nanoparticles are shown in the figurel0. Pure
ZnO shows diamagnetic nature as we not mentioned in the
graph, it is familiar that pristine bulk ZnO is diamagnetic
however, recent reports showed that pristine Zinc Oxide

might show ferromagnetic nature under certain film thickness
[29], some others also reported Room temperature
ferromagnetism (RTFM) in pure Zinc Oxide [30, 31]. This
may be attributed to vacancy associated defects which might
induce a magnetic moment in the insulator, here in this work
doped ZnO samples keeping Al as constant at 5 mol% and
varying the concentrations of nickel from 1mol% to 3 mol%
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shows the Ferromagnetic nature. By enhancing the  Magnetization (Ms), Retentivity (Mr) and Coercitivity (Hc)
concentration of nickel from 1mol% to 3 mol%, the values of all the doping concentrations of nickel are given in
Saturation Magnetization (Ms) and Retentivity (Mr) values  the table 2.

decreases and Coercitivity (Hc) values increases. Saturation
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Figure 10. Room temperature M-H curves of (a) 1 mol% (b) 2 mol% (c) 3 mol% of Ni doped ZnO nanoparticles (Here Al = 5.0 mol% is kept as constant).

Figure 11 shows Room temperature (RT) M-H curves of co-doped ZnO nanoparticles in the low field region, which is
expanded. The 1 mol% of nickel shows highest Ms and Mr values compared to remaining concentrations.
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Figure 11. (RT) M-H curves of expanded lower field region of (a) 1 mol% (b) 2 mol% (c) 3 mol% of Ni doped ZnO nano particles (Here Al = 5.0 mol% is kept
as constant).
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Table 2. Shows Coercivity (Hc), Retentivity (Mr) and Saturation magnetization (Ms) values for (Ni, Al) co-doped ZnO nanoparticles.

Sample Magnetization (Ms) (emu) Coercitivity (Hc) (Guass) Retentivity (Mr) (emu)
Ni-1, Al-5 mol% 8.3261X107 389.99 259.93X10°¢
Ni-2, Al-5 mol% 4.9945X10° 389.98 195.22X10°¢
Ni-3, Al-5 mol% 4.1125X107 411.12 113.23X10°
4. Conclusions Acknowledgements

Pristine and co-doped ZnO nanostructures are synthesized
effectively by means of chemical co-precipitation method
using PEG as stabilizing agent at room temperature. The
synthesized samples are characterized through XRD, SEM
with EDS, TEM, HRTEM, SAED pattern, PL, UV-Vis-NIR
and VSM techniques and deliberate different kind of
properties such as structural, morphological, compositional,
optical and magnetic. EDS and TEM analysis is consistent
with XRD data. XRD data shows that all the nanopowders
possess hexagonal wurtzite crystal structure, TEM pictures
shows the accurate size of the crystallite which is
approximately coincided with XRD, UV-VIS-NIR analysis
reveals the characteristic absorption edge near 375 nm, PL
spectrum shows the emission peaks relating to defects, VSM
measurements reveals the Ferromagnetic nature of the (Ni,
Al) co-doped samples.

5. Research Highlights

1. Pure and (Ni, Al) co-doped ZnO nanoparticles have
been synthesized via cost effective and high yield
Chemical co-precipitation method.

2. By the illustrations of TEM images and XRD
calculations (Ni, Al) co-doped samples reveals lowest
Crystallite size compared to Pure ZnO nanoparticles.

3. Based on SEM &TEM images the morphology of the
Pure, (Ni, Al) co-doped ZnO nanoparticles reveals
heterogeneous spherical shape where as EDS spectrum
shows the lack of superfluous Elements in the samples.

4. Doping of two elements (By keeping one element at
constant concentration and the other at varied
Concentration) could not disturb the structure of ZnO
host lattice. All the samples reveal the characteristic
ZnO Raman modes.

5. Photoluminescence (PL) spectrum shows the peaks
related to defects such as oxygen vacancies (Vo) and
intrinsic  defects (Zni) in Zinc Oxide (ZnO)
nanoparticles

6. All the three (1, 2, 3 mol% of Ni by keeping Al-5
mol% at constant) concentrations shows Ferro
magnetic nature, among these the 1 mol% shows
highest Ms and Mr values comparing to rest of the
concentrations.

7. HRTEM illustrations of pure ZnO nano particles show
5 nm clear lattice fringes whereas doped ZnO nano
particles show 2 nm clear lattice fringes.

Authors are thankful to the University Grants Commission
(UGC), New Delhi, India for providing financial assistance
through RFSMS program, also thankful to IIT Bombay
(SAIF) for providing TEM characterization and thankful to
Pondicherry university (CIF) for providing UV-Vis-NIR &
Raman characterizations.
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