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Zn;.xMnyO (x = 0.0, 0.01, 0.02, 0.03 & 0.04) nanoparticles were fabricated through a
simple combustion method and their structural, morphological, chemical, optical,
photoluminescence and magnetic properties were systematically analyzed. X-ray
diffraction (XRD) and Rietveld refinement (RR) analysis studies divulged that, the
synthesized nanoparticles exhibited the hexagonal structure without any impurity phase.
Morphology studies revealed that the synthesized nanoparticles were nearly spherical in
shape with uniform size distribution. A clear Blue shift was recognized in the ZnO
nanoparticles when doped with Mn ions. The photoluminescence (PL) spectra of all the
synthesized nanoparticles exhibited the same emissions and PL intensity diminished with
increase in Mn doping concentration. All the synthesized nanoparticles exhibited room
temperature ferromagnetism (RTFM) and Zn,.xMnyxO(x=0.02) nanoparticles displayed
better ferromagnetic property than other compositions. The captivate properties of the
Zn0O: Mn nanoparticles may more useful for optoelectronic and spintronic applications.
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1. Introduction

Currently, researchers have perceived that in several semiconductor crystals substituting of
transition metal in host affix local magnetic moments to the system. The doped materials are
entitled as dilute magnetic semiconductors (DMS) [1]. Theoretical explorations imply that the
semiconductor with direct band gap is the most probable candidate for spintronic devices [2]. ZnO
is an n-type II-VI semiconductor with characteristic features such as direct energy band gap of
3.37eV, large binding energy 60meV in addition to wurtzite structure at room temperature [3].
Properties of ZnO nanoparticles can be tailored by dopants and doping concentration [4]. The
foremost challenge for the practical applications of DMS is the achievement of ferromagnetism
(FM) at room temperature. Transition metal (TM) doped ZnO is one of the best auspicious DMS
candidates as it is anticipated to be RTFM (Room Temperature Ferromagnetism). The most
propitious property of DMS is that, the substitution of TM in semiconductors does not influence
the crystal structure but dramatically switches its dielectric, magnetic and electrical/optical
properties, i.e. RTFM is observed in TM doped ZnO [5-6].The doped TMs are irregularly assigned
to substitution lattice sites and ferromagnetic aligned via an indirect magnetic coupling [7].The
TM doped ZnO would be proper for a number of devices such as magnetic devices with gain, spin
transistors operated at very low power for mobile applications, optical emitter with encoded
information [8]. Some of the reports argued that the RTFM of TM doped metal oxides strongly
depends on the metal oxide host system, size, defects, size, type of dopant and concentration
[9].Venkatesem et al. [10] observed the high magnetic moment in Co doped ZnO films. Stable FM
ordering observed from carrier mediated exchange interactions for several TM doped ZnO DMS
[11].Among them, Mn doped ZnO would show FM above room temperature and may be applied
to shortwave magneto optical devices [12]. Paramagnetism was observed in ZnO: Mn films
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prepared by magnetron sputtering [13], solid state reaction [14]. Fuluknave et al. [15] found a spin
glass behavior. Low et al. [16] found an antiferromagnetism in Mn doped ZnO by combustion
method. At the same time both ferromagnetism and the absence of ferromagnetism were noticed in
TM doped ZnO thin films grown by Molecular Beam Epitaxy (MBE) [17]. Diet et al. [18]
predicted that Mn doped ZnO should be FM at room temperature. In the absence of p-type doping
Mn doped ZnO would be antiferromagnetic [19]. Ferromagnetic phase transition in Mn substituted
ZnO was observed due to the existence of spinel impurity phase like M,0O, in the system [20].
Chen et al. [37] shown FM in Mn substituted ZnO by solid state reaction method calcinized in Ar
gas. However it will disappear in samples calcinized in the air. The magnetic properties are
strongly determined by several defects [21-23]. Different magnetic properties reported in TM
doped ZnO are originated due the different preparation methods, and hence the magnetic
properties of ZnO or TM doped ZnO are sensitive to synthesis conditions.

Various techniques like Thermal deposition, Co-precipitation, Salvo-thermal approach,
Spray pyrolisis, CVD, Sol-gel method and hydrothermal etc. are available to synthesis of Pure
ZnO and Mn doped ZnO nanoparticles [24-30]. Although combustion method is an unique to
synthesize Zn; xMnxO (x = 0.0, 0.01, 0.02, 0.03 & 0.04) nanoparticles, as it involves less time of
reaction, low cost, uniform size and easy to operate in addition to achieve fine nanoparticles
without further heat treatment. Moreover, a few papers were available on the combustion synthesis
of pure and Mn doped ZnO nanoparticles. Hence, we have made an attempt to synthesize Zn,.
xMnxO (x = 0.0, 0.01, 0.02, 0.03 & 0.04) nanoparticles through combustion method at different
Mn concentrations and procured their structural, optical, photoluminescence and magnetic
properties.

2. Experimental procedure and characterization techniques

2.1. Experimental procedure

Zn; xMnyO (x = 0.0, 0.01, 0.02, 0.03 & 0.04) nanoparticles were successfully synthesized
by simple combustion method at 500 °C. All the chemical reagents such as urea zinc nitrate,
manganese acetate were taken in pure form without further purification. Appropriate proportions
(1:5) of zinc nitrate (11.899 g) and urea (12.012 g) and solutions were prepared separately and to
be stirred for 30 minutes. After that, urea solution was slowly added drop wise to zinc nitrate
solution with help of burette while stirring. To this solution Ammonium hydroxide is then added
till pH attained to 9. 2 mL of capping agent such as polyethylene glycol (PEG) was added and
stirring is extended up to 7 hours. The resulting solution is kept at 500 °C temperature for 60
minutes. The obtained ZnO nanoparticles were then grinded for 30 minutes and annealed at 600 °C
for 1 hour. Similarly Zn; xMnyO (x = 0.01, 0.02, 0.03 & 0.04) nanoparticles were prepared in the
same route.

2.2. Characterization techniques

Crystallite sizes and phase identification of Zn; xMnxO (x = 0.0, 0.01, 0.02, 0.03 & 0.04)
nanoparticles were analyzed by RINT-2000 X-ray diffractometer. Morphology studies were
identified by FESEM operating at 15 KV and TEM operating at 100 KV. Elemental compositions
were detected by EDS (Energy Dispersive X-ray analysis). Optical measurement such as band gap
energy (E,) was identified using a UV-Visible spectrometer in diffuse reflection spectra (DRS) at
room temperature. Raman analysis was carried out in the interim of 150-1500 cm™. Room
temperature Photoluminescence (PL) data were recorded on Perkin Elmer Horiba model using Xe
lamp having excitation wavelength of 425 nm. Room temperature Magnetic behaviour (M-H
curve) was analyzed by vibrating sample magnetometer in the interval of + 15 kG.
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3. Results and discussions

3.1. XRD analysis

X-ray diffraction analysis was carried out to check the influence of Mn concentration on
the phase composition and structural properties of Zn; xMnyO (x = 0.0, 0.01, 0.02, 0.03 & 0.04)
nanoparticles and depicted in the Fig.1. All the diffracted peaks are graded as (100), (002), (101),
(102), (110), (103), (200), (112), (201) and (004), at the corresponding angles of 26 values are
31.7, 34.3, 36.1, 47.6, 56.6, 62.5, 66.3, 67.8, 69.0, and 76.8° respectively, indicates the hexagonal
wurtzite structure of ZnO corresponds to JCPDS No: 05-0664 [31]. No additional diffraction peaks
were noticed in the XRD pattern indicates the formation of impurity free single phase. The
maximum intensity peak (101) slightly shifted from 36.14 to 36.26° as the Mn concentration
increases in the ZnO host, suggest that Mn*?ions may occupy in interstitial sites or Zn*?sites in the
ZnO lattice without affecting the crystal structure. The average particle size was estimated from
the broadening of most prominent (101) peak with well noticed Debye Scherrer’s formula as

0.941

D= BcosO

where D is the size of the particle, A is the wavelength (1.541 A) of the X-ray, B is the full width at
half maxima (FWHM) and 0 is the diffraction angle.

The variation of particle size with Mn concentration in the ZnO host is tabulated in the
Table 1. This indicates that, the size of the nanoparticles decreases from 37 to 19nm with
increasing Mn percentage in the ZnO lattice. The right shift of (101) peak may be due to decreased
particle size caused by a result of lattice contraction/strain in the ZnO lattice with incorporation of
Mn*? [23]. During the doping process some quantity of Mn*> may locate in or on the zone
boundary of ZnO NPs resulting decrease in diffusion rate, which prevents the growth of the
crystal. Similar type of observations were noticed in TM doped ZnO [32-35]. The Rietveld
refinement (RR) plot of ZnO nanoparticles are displayed in the Fig. 2 and the calculated patterns
are shown in the same field as solid line curve. RR analysis was performed with EXPO-2014

software, and the observed microstructure parameters are listed in the Table 1.
2

The lattice parameter ‘a’ was calculated along (100) plane and is given by [36] a= Tasind
and the lattice parameter ‘c’ along (002) plane [36] is given by ¢ = ﬁ

The lattice parameters ‘a’ and ‘c’ are decreased with increasing Mn concentration causes
decreased particle size and tabulated in the Table 1. The c/a parameter has also been found to show
nearly agreement with the value of standard value of 1.633 for closed packed hexagonal structure.
The unit cell volume was calculated from V = 0.866 a?c, and found decreases with Mn
concentration in ZnO, tabulated in the Table 1, it may due to decreasing of lattice parameters ‘a’

and ‘c’.

Atomic packing fraction (APF) was calculated from the formulaas APF = 3730

It is found that APF decreases with increasing Mn substitution may be due to the
increment of voids in the samples.
The nearest neighbor Zn-O bond length along the ‘c’ direction

Wy

Here ‘a’ and ‘c’ are the lattice parameters, U is the positional parameter for hexagonal
wurtzite structure, it is a measure of the amount by which each atom is displaced with respect to
the next along the ‘¢’ axis.
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Internal/positional parameter (u) = %(Z—j +i

The calculated Zn-O bond lengths were good greed with the reported Zn—O bond length in
the unit cell of ZnO and neighboring atoms is 1.9767A. The dislocation density (3) [36], which
represents the amount of defects present in the sample is defined as the length of dislocation lines
per unit volume and is calculated using the formula as

where D is the crystallite size. The dislocation density increases with increasing Mn content and
displayed in the Table 1.
The surface to volume ratio of nanoparticles was calculated from the equation as

Ns _ SRo _ 3Ro
Nv V-SRo R—-Ro

where Ns and Nv stands for number of ZnO pairs at surface and volume respectively, S is the
surface area, V is the volume, Ro is the ZnO distance (0.18 nm), R is the average particle size. The
S/V value increases with Mn concentration may be due to decreased particle size. The strain-
induced broadening in the peak due to crystal imperfection and distortion was calculated using the

formula as strains =
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Fig. 1(a) XRD patterns of Zn,;.xMnxO (x = 0.0, 0.01, 0.02, 0.03 & 0.04) nanoparticles
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Fig. 1 (b) Enlarged XRD spectra of 20 at 36° of Zn,xMnyO (x = 0.0, 0.01, 0.02, 0.03 & 0.04) nanoparticles
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Table 1. Structural parameters of pure ZnO and ZnO: Mn (1-4%) nanoparticles.

Sample Pure ZnO Zn0O: Mn(1%) | ZnO: Mn(2%) | ZnO: Mn(3%) | ZnO: Mn(4%)
26 36.14 36.22 36.24 36.25 36.26
D (nm) 36.85 22.48 20.88 19.90 19.13
a(A) 3.254 3.245 3.242 3.237 3.229
c(A) 5.215 5.204 5.198 5.191 5.179
Volume 47.822 47.455 47.319 47.104 46.763
APF 0.7545 0.7540 0.7542 0.7540 0.7539
L (A 1.9806 1.9754 1.9734 1.9577 1.9657
cla 1.603 1.604 1.604 1.604 1.604
3(E®) 736 1978 2293 2525 2732
SIV (EY) 2606 2613 2616 2621 2627
Strain 0.0811 0.1327 0.1425 0.1496 0.1557
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Fig. 2. Rietveld Refinement of Zn, xMnyO (x = 0.0) nanoparticles.

3.2. Morphology and elemental analysis

Fig. 3 indicates the TEM micrograph of (a) Zn;.xMnyxO (x = 0.00) and (b) Zn; xMnyxO (x =
0.02) nanoparticles and reveals that the synthesized samples are nearly spherical in shape with
uniform size distribution.

) )

Fig. 3 TEM micrograph of Zn, xMnxO nanoparticles: a) x = 0.0, b) x = 0.02
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Fig. 4 (a)-(e) represents the FESEM micrographs of Zn, xMnxO (x = 0.0, 0.01, 0.02, 0.03
& 0.04) nanoparticles. It indicates that, the synthesized nanoparticles are uniform spherical shape
without agglomeration and the size ranges of 19 - 27 nm (from image -J software) depending upon
the doping concentration which is well agreed with the size obtained from Debye Scherrer’s
formula. The chemical compositions of the samples were analyzed by Energy dispersive electron
spectroscopy (EDAX), the corresponding spectrum and elemental percentages are shown in Fig. 5
(a)-€. It confirms the presence of only constituents such as Mn, Zn, and Oxygen in the samples
without any impurities.

15,00V 14.6mm xB0,0k SE(U) Yo 15,0k 14,6rmim 80,0k SE(U)

Fig. 4. (a) FESEM micrograph of Zn,; x\MnyO nanoparticles
a)x=0.0,b)x=10.01, ¢) x=0.02,d) x =0.03, e) x= 0.4
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Fig. 5. EDAX spectrum of Zn, x\MnyO nanoparticles
a)x=0.0,b)x=10.01, ¢) x=0.02,d) x =0.03, e) x= 0.4

3.3. DRS studies

The room temperature Diffusion Reflectance spectra (DRS) of Zn;.xMnxO (x = 0.0, 0.01,
0.02, 0.03 & 0.04) nanoparticles are shown in Fig. 6. From this figure it is observed that a sharp
fall in reflectance at wavelengths of 377.99, 369.98, 367.77, 366.70, 365.36 nm were noticed for
Zn; xMnyO (x = 0.0, 0.01, 0.02, 0.03 & 0.04) nanoparticles respectively.
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Fig. 6. DRS spectra of Zn, yMnxO (x = 0.0, 0.01, 0.02, 0.03 & 0.04) nanoparticles
and inset figure shows the Zn, xMnyO (x = 0.0) nanopatrticles.

Table 2. Size and Strain values of pure ZnO and ZnO: Mn (1-4%) nanoparticles
from W-H plots.

Sample D (nm) Strain
Pure ZnO 36.57 0.0012
ZnO: Mn (1%) 2412 0.0047
ZnO: Mn (2%) 21.39 0.0023
ZnO: Mn (3%) 20.84 0.0038
ZnO: Mn (4%) 19.76 0.0031

The corresponding energy gap (Eg) values are estimated by using the formula Eq= 1240 /
Lex and are observed as 3.28, 3.35, 3.37, 3.38, 3.39 eV respectively, and noted in the Table- 2. The
energy band gap is found to be increase from 3.35 to 3.39 eV with Mn substitution in the ZnO
host. This indicates a clear blue shift and could be attributed to the Moss-Burstein shift and this
variation concurrence with the strain data related to structural change [36].

3.4. Raman analysis

Raman spectra of Zn; xMnxO (x = 0.0, 0.01, 0.02, 0.03 & 0.04) nanoparticles measured in
the range of 150 - 1500 cm™ are depicted in the Fig. 7 and corresponding modes are noticed in
Table 3. From Fig. 7 it is observed that the peaks at 272, 384, 506, 608 cm™ are absent by Mn
substitution. This mode has intensity considerably decreased in all doped samples. It may be due
to the breaking of translational crystal symmetry by the incorporation of Mn. The E,H peak at 438
cm™* becomes broadened, and shifts towards 426 cm™ (lower energies) with increase of Mn dopant.
This broadening and shifting may be due to strain induced by Mn dopant. In Fe doped ZnO same
trend was observed [38]. The 2LAM mode shifted towards lower wave number from 327 to 316
cmand A;LO/E;LO mode (595 cm'1) also shifted towards lower as Mn concentration increases in
the ZnO host. This may be due to defect activated Raman scattering phonon modes (DARS). i.e. It
may attribute to the scattering contribution of A;LO/E;LO branches outside the B zone centres [8].
This might be associated with oxygen and zinc vacancies interstitials and other defects induced by
TM ions. The concentration of these defects increases with increasing Mn concentration as shown
by the increase intensity of E;LO / A;LO phonon mode at 575 cm™. Bundesmann, et al., [39] have
already observed the same additional vibrational modes for different dopants. They suggest that,
these modes are associated to defect induced modes that can be used as an index to test the dopant
incorporation in the host matrix. In the same way, the vibrational mode at 575 cm™ can be
associated with Mn*2 impurities. This may be explained by the larger ionic radius of Mn*? (0.66 A)
compared to Zn*? ionic radius (0.60 A). When Mn*? substitute the Zn*? ions, new lattice defects
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are created or intrinsic host defects are activated. This presumption is in good agreement with the
increasing intensity of E;LO/A;LO mode.
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Fig. 8. Photoluminescence spectra of Zn,; xMnyO (x = 0.0, 0.01, 0.02, 0.03 & 0.04) nanoparticles.

Table 3. Optical bandgap values of pure ZnO and ZnO: Mn (1-4%) nanopatrticles.

S. No. Sample A (nm) Eg (eV)
1 Pure ZnO 377.99 3.28
2 Zn0O: Mn(1%) 369.98 3.35
3 Zn0O: Mn(2%) 367.77 3.37
4 Zn0O: Mn(3%) 366.70 3.38
5 Zn0O: Mn(4%) 365.36 3.39

3.5. Photoluminescence (PL) analysis.

To study the impact of Mn on the PL of ZnO, the room temperature PL measurements
were carried out at an excitation wavelength of 425 nm as shown in Fig. 8. From this figure, the
emission peaks are observed at 465, 485, 507, 589, 624, 664 nm both in Zn;.xMnxO (x = 0.0, 0.01,
0.02, 0.03 & 0.04) nanoparticles. The luminescent properties of Mn*? actuators have been studied
by many researchers [6]; it mainly depends on the crystal structure of the host material. All the
doped samples show a dominant peak at 465 nm, the PL intensity of all samples decreases with
increase of Mn concentration in ZnO host. In general ZnO has two emissions located in the UV
and visible regions [40]. The farmer is associated to the near band edge emission through exciton-
exciton radiative recombination and the later emission, is due to the defects, mainly oxygen related
vacancies are most favorable for visible emission [41]. FM ordering is directly linked to the dopant
concentration and oxygen vacancies [42].

The blue band emission peak at 465 nm is associated to surface defects such as oxygen
vacancies (V,), and zinc interstitials (Zn;) due to electronic transition between Zn; level to the
valance band [43]. The blue green emission at 485 nm is possibly due to surface defects in ZnO
Nanoparticles. It can be attributed to the transition between oxygen vacancy (V,) to oxygen
interstitial (O;) [44]. Oxygen vacancies are responsible for green emission at 507 nm may originate
from recombination of V," with photo generated holes [43]. The yellow emission band at 589 nm
is associated to doubly charged oxygen vacancy (V,) [42]. In ZnO: Mn, V," with an unpaired
electron may be responsible for FM in pure and Mn doped ZnO. The M; of Zn; xMnxO (x = 0.02)
nanoparticles, it is not only related to V," concentration but also to the Mn*? concentration in the
ZnO lattice. The green yellow peak at 589 nm represent the defect complexes of V, and Zn; [44]
mainly, it is assigned to the transition between the unpaired oxygen vacancy and the photo excited
hole in the valance band of ZnO [45]. The peaks at 624, 664 nm are due to the monovalant
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vacancy of oxygen or zinc and dually ionized oxygen vacancies respectively [46]. The peak
intensity decreases with Mn concentration may be due to the decreased particle size.

Pure ZnO

ZnO: Mn (1%)|
j———ZnO: Mn (2%)|
ZnO: Mn (3%)
ZnO: Mn (4%)

Aex =425 nm

PL Intensity (a.u.)

450 500 650 700

550 600
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Fig. 8. Photoluminescence spectra of Zn; xMnyO (x = 0.0, 0.01, 0.02, 0.03 & 0.04) nanoparticles.

3.6. Magnetization analysis

Magnetization measurements of Zn,xMnyxO (x = 0.0, 0.01, 0.02, 0.03 & 0.04)
nanoparticles were performed using Vibrating sample magnetometer at room temperature. Fig. 9
depicts the positive s type hysteresis loop obtained from the magnetization versus applied field (H)
data. It reflects that all the samples are ferromagnetic at room temperature with certain values of
H., M; and Mg are tabulated in the Table 4.
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Fig. 9. M-H hysteresis loops of Zn; xMnxO (x = 0.0, 0.01, 0.02, 0.03 & 0.04) nanoparticles.

Though numerous work has been developed on the TM doped ZnO, the mechanism
responsible for the extraction of RTFM in TM doped ZnO still remains controversial. So far many
researchers believed that the origin of RTFM attributes to the role of secondary phase/impurity
phase [47, 48]. But for our samples the RTFM may not derive from any impurity phase, because
no impurity peak was detected from XRD results. Researchers considered RTFM arose due to the
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interaction between Mn*? ijons and defects [47, 48]. In our samples XRD and Raman results
indicates a number of defects present in the synthesized nanoparticles. FM in ZnO nanoparticles is
stimulated by doping of TM (Mn), which replaces the Zn ions on doping. Due to the high
concentration of spinning electrons in manganese, ferromagnetic exchange interactions occurred
between Mn ions and oxygen ions that results in the initiation of ferromagnetism into Mn
substituted ZnO nanoparticles. The exchange interaction is due to the overlap of 3d orbital
electrons with oxygen vacancies or interstitial Zn atoms in ZnO nanoparticles [4]. Hence the
RTFM arises as a result of exchange interaction between the free localized charge carriers
initiating from the oxygen vacancies and Zn interstitials in the crystal structure as a result of
doping [49, 50]. The exchange interactions between the defects and surrounding Mn*? ions form a
BMP (Bound Magnetic Polaron). Neighboring BMPs may overlap and results in the long range
Mn*2- Mn*? ferromagnetic coupling in DMS.As Mn concentration increases the concentration of
defects has also increases, hence more BMPs will be formed and may overlap. The presence of
high oxygen vacancy concentration in the sample gives rise to ferromagnetic ordering. Thus the
presence of more oxygen vacancies may have resulted in the increment of magnetization for Zn,.
xMnxO (x = 0.01, 0.02, 0.03 & 0.04). Further high Msis observed in Zn; xMnyxO (x = 0.02) than x
= 0.01, meanwhile the increase of Mn concentration may lead to form Mn cluster in ZnO matrix.
ZnO: Mn nanoparticles have a tendency to form a cluster as the surface to volume ratio is very
high. In Mn cluster the interactions between neighboring Mn*? ions are antiferromagnetic and
decrease the overall ferromagnetic order in Mn doped ZnO samples [47, 48]. This may be the
reason for decrease of Mg in Zn; xMnxO (x = 0.03 and 0.04). Bououdina et al. [4] also reported the
same type of behaviour in TM doped ZnO. It was reported theoretically, that the FM behavior in
doped ZnO arises from the holes concentration, possibly ascribed to their strong p-d exchange
interaction between the acceptor level Zn*? and the donor level Mn*?[34]. Dietl et al predicted that
Mn doped p-type ZnO should be ferromagnetic at room temperature. In the absence p-type doping,
theoretical calculations predicted that Mn doped ZnO would exhibit AFM property [19].
According to BMP model the magnetic properties of Mn doped ZnO could be tuned through Mn
and defect concentration. From the Table 4, it is observed that, the M increases from 0.022 to
0.033 emu/g as the Mn concentration increases and further decreased magnetization. Among them,
Zn; xMnyO (x = 0.02) has highest M, which is the promising candidate for the spintronics
applications.

Table 4. Magnetization parameters of pure ZnO and ZnO: Mn (1-4%) nanopatrticles.

S. No. Sample Hc (G) Ms (emu/q) Mg (emu/g) SQR
1 Pure ZnO 28425 0.0071 0.0026 0.173
2 Zn0O: Mn(1%) 227.5 0.022 0.0045 0.204
3 Zn0O: Mn(2%) 162.5 0.033 0.0062 0.189
4 Zn0: Mn(3%) 124.64 0.021 0.0033 0.157
5 Zn0O: Mn(4%) 117.6 0.015 0.0025 0.167

4. Conclusions

In conclusions, Zn;xMnxO (x = 0.0, 0.01, 0.02, 0.03 & 0.04) nanoparticles were
synthesized by simple chemical combustion method. Both XRD and Raman spectroscopy studies
designated the effective substitution of Mn ions into the ZnO host lattice. A blue shift was detected
in the reflectance spectra of the ZnO Nanoparticles owing to Mn doping concentration. The
PLspectra of all the Nanoparticles displayed the similar emissions and decreased PL intensity with
the increase in Mn content.

All the Nanoparticles showed typical ferromagnetism at room temperature, although, the
Zn1 xMnyO (x = 0.02) nanoparticles exhibited better FM property than remaining samples. These



396

interesting optical, photoluminescence and magnetic properties of the Zn; xMnxO (x = 0.02)
nanoparticles may find applications in both spintronic and optoelectronic applications.
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