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Nano crystalline Zn, ,Sm O, (0.00 <x<0.10), were prepared by wet chemical coprecipitation method. The effect of samarium
doping on the structural, morphological, optical, and magnetic properties of ZnO nanoparticles was examined by X-ray powder
diffraction (XRD), Transmission electron microscopy (TEM), Fourier-transform infrared spectroscopy (FTIR), Ultraviolet-
visible spectroscopy (UV) and M-H magnetic hysteresis. XRD analysis showed the hexagonal wurtzite structure of ZnO. The
absence of Sm,0; as separate phase may be attributed to the complete dissolving of samarium in ZnO lattice. The lattice
parameters (a and ¢) of Zn, . Sm O were calculated and they fluctuated with the increase of Sm doping which indicated that the
structure of ZnO was perturbed by the doping of Sm. The crystallite size was computed for all the samples using Debye-
Scherrer’s method. The crystallite size decreased with the increase of Sm doping. TEM micrographs revealed that the size and
the shape of the ZnO nanocomposites were changed by modifying the doping level of samarium. FTIR analysis spectrum
confirmed the formation of ZnO phase and revealed a peak shift between pure and Sm-doped ZnO. The band gap energy and
Urbach energy were calculated for Zn, Sm O, (0.00 <x<0.10). The band energy gaps of pure and Sm doped ZnO samples are
in the range 2.6-2.98 eV. M-H hysteresis inspection, at room temperature, showed that the pure ZnO exhibited a ferromagnetic
behavior incorporated with diamagnetic and paramagnetic contributions. Ferromagnetic behavior was reduced for the doped
samples with x =0.01 and x = 0.04. The samples with x =0.02 and 0.06 <x<0.10 tend to be superparamagnetic. The saturation
magnetization (M), the coercivity (H_), and the retentivity (M,) were recorded for Zn,; Sm O, (0.00 <x<0.10).

1. Introduction

The unusual physical properties and broad range of applica-
tions of semiconductor nanoparticles or quantum dots
(QDs) [1, 2], basically II-VI materials, have attracted great
attention recently. The phenomenon called “quantum con-
finement” occurs when the size of the nanocrystals becomes
smaller than the corresponding Bohr radius of the exciton.
Consequently, the band gap increases and discrete energy
levels exist at the edges of the valence and conduction bands
[3, 4]. Among the II-VI semiconductors, zinc oxide (ZnO) is
very promising due to its essential uses in many research
domains. ZnO semiconductor exhibits electronic properties
as large exciton binding energy of 60 meV with direct band

gap of 3.37eV [5, 6]. It is nontoxic, cheap, biosafe, and bio-
compatible [7]. Zinc oxide is a transparent electro conductive
material, ultraviolet absorber, and antibacterial agent. Owing
to their electrical, optical, mechanical, and magnetic proper-
ties resulting from quantum confinement effects, nanoparti-
cles of ZnO are candidates of applications in piezoelectric
transducers, transparent field-effect transistors, gas sensors,
optical waveguides, transparent conductive films, ultraviolet
nanolasers, varistors, photodetectors, solar cells, blue and
ultraviolet (UV) optical devices, and bulk acoustic wave
devices [8-13]. The modification of metal oxide nanoparti-
cles by doping with special metal and nonmetal elements
makes it possible to enhance the electrical and optical prop-
erties of materials by changing the surface properties. Doping
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semiconductor nanocrystals with transition metals (TMs)
forms diluted magnetic semiconductors (DMSs) [14-18]. A
vital characteristic of ZnO is the presence of intrinsic defects.
The optical, electronic, and magnetic characteristics of ZnO
can be modified by doping or the formed intrinsic lattice
defects. Recently, room temperature ferromagnetism in
ZnO doped with TMs has been studied both theoretically
and experimentally [19-21]. ZnO-based DMSs attracted
more attention in spintronic applications and optoelectronic
devices [22-24]. Doping ZnO nanocrystals with rare earth
(RE) ions [25, 26] is identified as candidates for luminescence
centers via their optical advantages and in improving the
magnetic properties of ZnO. Among the rare earth elements,
samarium has allured recognition because of its prospective
in different applications. We will briefly introduce some
previous studies regarding rare earth and transition
element-doped ZnO. Liu et al. [27] integrated Nd** ions into
hexagonal ZnO nanocrystals. Karthikeyan et al. [28] studied
the optical properties of ZnO nanoparticles doped by Dy’".
Oprea et al. [29] reported the influence of Gd’* doping on
the photoluminescence, magnetic properties, and photocata-
Iytic activity of ZnO nanoparticles synthesized by simple sol-
gel method. The optical and magnetic properties in the
Eu’*-doped ZnO nanocrystals were reported by Yoon et al.
[30]. Using coprecipitation method, Lotey et al. [31] investi-
gated the room temperature ferromagnetism in ZnO nano-
particles when doped by Tb>". Sekhar et al. [32] researched
the effect of Sm”" doping on the structural, optical, and mag-
netic properties of ZnO nanopowders using the chemical
refluxing technique. Farhat et al. [33] reported the influence
of Er’" doping on ZnO nanoparticles prepared by wet chem-
ical coprecipitation method. By coprecipitation technique,
Sharrouf et al. [34] investigated the result of Mn>" doping
on ZnO nanoparticles.

Out of the various techniques that were used for the syn-
thesis of undoped and doped ZnO nanoparticles, coprecipi-
tation is one of the most important techniques in preparing
metal-oxide nanoparticles that are highly reactive at low
temperature sintering. Within the coprecipitation synthesis
technique, the particle size can be controlled by adjusting
the pH value using inorganic base, the temperature of the
reaction, the annealing temperature, and time [35]. The
present work reports the effect of Sm doping with different
concentrations up to 10% on the structural, morphological,
optical, and magnetic properties of the ZnO nanoparticles.
The aim of this work is to reach better results regarding
optical and magnetic properties for their importance in
luminescence centers and spintronic devices, respectively.
The ZnO/Sm nanoparticles were prepared by coprecipita-
tion technique that provides nanopowders with good qual-
ity despite of the low cost and simplicity of this method.

2. Materials and Methods

2.1. Preparation of ZnO Nanoparticles. The Zn, .Sm_O nano-
powders (x =0.00, 0.01, 0.02, 0.04, 0.06, 0.08, and 0.10) were
synthesized by coprecipitation technique using zinc chloride
as the source of zinc and samarium (III) chloride hexahy-
drate as the source of dopants. Pure ZnO nanoparticles were
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prepared by considering 0.2 M zinc chloride (ZnCl,) and an
alkali solution of 4.0M sodium hydroxide (NaOH of
pH =13.8). The solution was prepared by adding 20 g of zinc
chloride and 3.72g of Edta disodium dehydrate into
146.735ml of purified water. 16 g of NaOH was added to
100 ml of distilled water then added dropwise to the above
solution under magnetic stirring for 2 hours at 60°C. The
final pH of the solution is =12, because a highly basic condi-
tion is convenient for the direct preparation of wurtzite-type
ZnO crystals to reduce the respective zinc salt and vigorous
synthetic environment [36]. The precipitate was separated
from the mixture by filtration where it was washed with puri-
fied water until pH =7 and then dried at 100°C for 18 hours.
The dried ingots were calcined using the muffle furnace
(Gallenkamp FSL-340) at 500°C for 5 hours. Doped Sm-ZnO
nanoparticles were synthesized by a similar process except
that the used amount of samarium (III) chloride hexahydrate
was dependent on the needed concentration of Sm relative
to Zn.

2.2. Characterization Methods. The synthesized Zn, Sm O
nanoparticles were characterized by X-ray powder diffraction
at room temperature using Bruker D8 advance powder
diffractometer with Cu-K, radiation (A =1.54056 A) in the
range 10°<20<80°. TEM micrographs were obtained by
using JEOL transmission electron microscope JEM-100CX
operated at 80kV. The FTIR spectra of the powder samples
were displayed using FTIR Nicolet iS5-Thermoscientific
where about 5 mg of the Zn, . Sm O powder were mixed with
100 mg of KBr and then pressed to form a disk of 0.6 mm
thickness and 1.3cm diameter. UV-visible measurements
were recorded, at room temperature, using the ultraviolet-
visible-near infrared (NIR) spectrophotometer V-670 that
registered the absorption spectra at a range of wavelengths
of 190-2500nm where 5mg of Zn; Sm O powder was
dissolved in 50 ml of ethanol. Magnetic measurements were
performed at room temperature using a vibrating sample
magnetometer (Lake Shore 7410) having temperature range
capability from 4.2K to 1273 K.

3. Results and Discussion

3.1. Structure and Morphology. Figure 1 shows the XRD pat-
terns of Zn,; Sm O for 0.00 <x<0.10. The diffraction peaks
belong to the planes (100), (002), (101), (102), (110), (103),
(200), (112), (201), and (202). All of the observed peaks har-
monized with those of wurtzite hexagonal structure ZnO
(JCPDS card number 36-1451, a=b=3249A, c=5206A)
with the preferred orientation of (101) planes and no addi-
tional peaks appeared for secondary phases that may origi-
nate from Sm doping, revealing the good synthesis of
ZnO : Sm nanoparticles. The nonexistence of Sm,O, as sepa-
rate phase may be attributed to the complete dissolving of
samarium in ZnO lattice [37]. The diffraction peaks are sharp
and narrow, showing the high crystallinity and purity of the
synthesized nanoparticles as reported by Ramimoghadam
et al. [38] for ZnO nanoparticles prepared using palm olein
as biotemplate.
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F1Gure 1: XRD patterns of Zn, ,Sm O for 0.01 <x<0.10.

In Sm-doped ZnO, the diffraction angle (20) for the first
three peaks showed a slight shift towards lower angles corre-
sponding to pure ZnO sample, and this result was reported
by Sekhar et al. [32]. This phenomenon can be interpreted
to the difference in the ionic radius of Sm’>" (0.95A) and
Zn** (0.74 A). The result of shifted position peaks ensures
that the Sm>" ions substituted Zn>* ions in the ZnO matrix
and consequently a change in the average of crystal size.

The lattice parameters (a and ¢) and the unit cell volume
(V) of Zn, ,Sm O nanoparticles, (0.00 <x<0.10), were calcu-
lated using the following equations:

1 4 (h+hk+i2 I
—_— = +C_2, (1)

dZ 3 a2

V= é a’c, (2)
2
where d is the interplanar distance and (h, k, and [) are the
Miller indices.
The average crystallite sizes of the synthesized samples
were calculated from XRD spectra using Debye-Scherrer’s
equation:

0.91

D= """,
B cos 0

(3)

where D is the average crystallite size of the particle, A is the
incident X-ray wavelength, f3 is the angular peak width at half
maximum in radians, and 6 is the Bragg’s diffraction angle.
The calculated lattice parameters, the ratio c/a, the unit cell
volume (V), and the average crystallite size (D) of the synthe-
sized samples are listed in Table 1. The crystallite size calcu-
lated from XRD was found to decrease with the increase of
Sm doping which can be attributed to the intervention of
Sm’" in the ZnO crystal growth. The influence of this intru-
sion can be related with the distortion of the crystal lattice as

TABLE 1: Values of the lattice parameters (a and c¢), the ratio (c/a),
the unit cell volume (V), and the crystallite size (D) of Zn,; ,Sm O.

X a(d) c@A) ca VA Dxrpy (nm) Drem (nm)

0.00 3.2422 5.1936 1.601 47.27 54.0 49.0
0.01 3.2363 5.1643 1.595 46.84 43.0 38.0
0.02 3.2438 5.1946 1.601 47.33 36.0 33.0
0.04 3.2444 5.1974 1.601 47.38 35.0 31.0
0.06 3.2348 5.1827 1.602 46.96 35.0 30.0
0.08 3.2396 5.1888 1.601 47.16 35.0 29.0
0.10 3.3564 5.3920 1.606 52.60 33.0 27.0

a result of substitution with larger ionic radii of Sm®* ions
(0.95A) compared to Zn*" ions with ionic radii (0.74 A)
[39]. Arora et al. [40] reported Sm-doped ZnO samples with
average crystallite sizes ranging from 41 to 37 nm. Wang et al.
[41] found that the average crystallite sizes of Sm-doped ZnO
samples ranges from 10.5 to 7.5 nm. From Table 1, it is clear
that the average crystallite size for the prepared samples
ranges from 54 to 33nm which is much closer to Arora
et al.’s [40] findings.

The lattice parameters fluctuated with the increase of Sm
doping, which indicates that the structure of ZnO was per-
turbed by the doping of Sm. The results in Table 1 show that
the lattice constants a and ¢ of samarium-doped ZnO nano-
particles were larger than those of pure ZnO for x=0.02,
0.04, and 0.10. On the other hand, the lattice parameters
decreased for x =0.01, 0.06, and 0.08 relative to pure ZnO.
Decrease in lattice parameters is expected when Sm substi-
tutes Zn while the lattice parameter will increase when Sm
occupies interstitial sites [42]. The ratio (c/a) is approxi-
mately 1.60 for all samples which is compatible with the ideal
value for hexagonal cell (c/a = 1.633) [43].

Figures 2(a)-2(d) show the TEM micrographs of
Zn,  Sm,O nanoparticles for x=0.00, x=0.01, x=0.06,
and x=0.10, respectively. The size of the particles was



measured and showed a similar decreasing trend as the crys-
tallite size obtained by XRD measurements with the increase
in Sm content. The results are given in Table 1. The particles
did not exhibit definite shape for the investigated samples
with x = 0.00 and x = 0.10 which was interpreted by Vaseem
et al. [44] that when the reaction is accomplished in dry air,
the synthesized ZnO nanoparticles have absence of defined
shape or size. The high temperature heating process [45]
explains the lack of definite shape, which indicates that
destruction in recrystallization of ZnO lattice happened.
The particle’s shape was modified to nanolike rods for sam-
ples with 0.01 <x<0.08 due to the doping level of samarium
that results in the alter of the nanoparticle’s form [34].
Figure 2(d) shows an agglomeration of the synthesized
nanoparticles when the doping level of samarium reaches a
concentration of x = 0.10.

3.2. Atomic Bonding Vibration Mode Analysis. The composi-
tion and quality of the prepared samples were investigated
by the FTIR spectroscopy. Figure 3 shows the FTIR spectra
of pure and samarium-doped ZnO nanoparticles with
x=0.00, 0.04, 0.06, and 0.10. Magnified positions of the first
absorption band of Zn, Sm O samples for x =0.00, 0.04,
0.06, and 0.10 are revealed in the inset of Figure 3. The peaks
communicating to the vibrational characteristics of ZnO are
viewed for the samples in the range [397-431] cm™! which
is ascribed to the Zn-O stretching band [46]. The shift of
the peak’s position in the doped samples relative to the pure
one reflects that the Zn-O structure was perturbed by the
presence of Sm in its environment. The slight shift in the
Zn-O stretching peak might be due to the change in the
parameters and the bond properties of Zn perturbed by Sm
doping [34]. This result is similar to that obtained in

Journal of Nanomaterials

(d)
F1GURE 2: TEM micrographs for Zn, . Sm O with (a) x =0.00, (b) x =0.01, (c) x =0.06, and (d) x = 0.10.
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FIGURE 3: FTIR spectra of Zn, ,Sm O nanoparticles with x=
0.00, x=0.04, x=0.06, and x=0.10. The inset shows the
absorption peaks of Zn, Sm O with x=0.00, x=0.04, x=0.06,
and x = 0.10 at Zn-O stretching vibration.

Fe-doped ZnO films by Srivastava et al. [47], and it is also
explained by Armelao et al. [48] reporting that the stretching
modes of ZnO are modified due to the different ionic radii of
Zn**and Mn**. The values of the absorption peak of Zn-O
for 0.00<x<0.10 are listed in Table 2. The peak present at
1635cm™" is assigned to the OH bending of water, and the
broad peak at 3451 cm ™" is ascribed to the O-H stretching
mode [49]. Presence of O-H group indicates the presence of
water molecules on the surface of ZnO nanoparticles even
after drying condition in the preparation technique. The
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TaBLE 2: Wavelength of Zn-O stretching vibrations.

x 0.00 0.01 0.02 0.04 0.06 0.08 0.10

Wavenumber (cm ) 428.9 431.6 430.4 426.1 415.8 413.6 397.6
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Ficure 4: The UV-visible spectroscopy of Zn, Sm.O for
0.01<x<0.10.

noticeable bands between 750cm™ and 1090cm ™' in the
synthesized samples may correlate with the bending and
twisting modes of vibration of ZnOH. In the range of
1100-1600 cm ™', the absorption peaks could be ascribed to
the bending mode of Zn-OH, plane bending of C-OH, and
C-OH out-of-plane bending [50].

3.3.  Spectrophotometric =~ Measurements of ZnO:Sm
Nanoparticles. Figure 4 shows the optical absorption of
ZnO : Sm nanoparticles (0.00 <x < 0.10) which was measured
by using the UV-visible optical spectroscopy in a scanning
range of wavelength from 350 to 600 nm at room temper-
ature, with scan interval of 1 nm. By the optical absorption
result, it is possible to determine each of optical energy
band gaps of direct transition occurring in band gap and
Urbach energy.

The absorption band edge of undoped ZnO was spotted
at 377nm and it got shifted slightly for the Sm-doped
samples which might be attributed to surface effects,

modification in the crystallite size, morphology or evidence
that the electronic structure of pure ZnO is changed by the
doping of samarium [51]. This transposition designates that
the Sm ions have incorporated well in the ZnO matrix.

3.3.1. Determination of Optical Energy Band Gap of Direct
Transition of ZnO:Sm Nanoparticles. The deviation of the
absorption edge, due to doping, explains the change in the
energy gap of the prepared samples. The optical band gap
of the nanopowders was determined by applying the Tauc
relationship as given below [52]:

ahv = C(hv - E,)", (4)

where « is the absorption coeflicient (o = 2.303A/L, here A is
the absorbance and L is the thickness of the cuvette), C is the
constant, & is Planck’s constant, v is the photon frequency,
and E, is the optical band gap. The value of n=1/2, 3/2, 2,
or 3 depends on the nature of electronic transition responsi-
ble for absorption. Wurtzite ZnO has a direct band gap and
n=1/2 in this case.

Figures 5(a) and 5(b) show the graph of (ahv)? versus
photon energy hv for ZnO:Sm nanoparticles with x =0.00
and x=0.08. The linear dependences of (ahv)* on hv of
ZnO:Sm at higher photon energies reveal that these nano-
particles are essentially direct-transition-type semiconduc-
tors. The respective values of E, for pure and Sm-doped
ZnO nanoparticles were obtained by extrapolating to
(ahv)*=0. The values of energy band gap are recorded in
Table 3 and it was found that the band energy gaps of pure
and Sm-doped ZnO samples are in the range 2.6-2.98 V.
The results show that the band gap energy of Sm-doped
ZnO nanoparticles with x=0.01 decreased relative to
pure ZnO; then, it increased to 2.98eV for x=0.02. The
value of E, decreased again for x=0.04 then it rose for
0.08<x<0.10. Based on the second order perturbation
theory, the lowering in E, may be attributed to sp-d inter-
change interactions and ascribed to p-d and s-d interactions
leading to band gap bowing [51]. Identical results were inves-
tigated by Mote et al. [53], Mondal et al. [54], and Singh et al.
[55] where the shift in E g between undoped ZnO and
Mn-doped ZnO was found to be 3.26-2.96 eV, 3.22-3.06 €V,
and 3.24-3.14 eV, respectively. Recently, Sekhar et al. [32]
noticed a decrease in band gap energy of Sm-doped ZnO
which was ascribed to the increase in the particle size with
increasing Sm concentration. Similar results were recorded
by Arora et al. [40] where the decrease in E, of Sm-doped
ZnO was attributed to an increase in the number of defects.
Hosseini et al. [56] reported a decrease in E, of Ag-doped
ZnO which was related to the presence of p-type conductivity
in the silver-doped ZnO nanoparticles where this reduction
in energy gap led to increase the efficiency in the use of these
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F1GURE 5: (ahv)? versus photon energy (hv) of Zn ,_ Sm O for (a) x = 0.00 and (b) x = 0.08.

TaBLE 3: Values of energy band gap and Urbach energy for
Zn, Sm,O.

x E, (eV) E, (eV)
0.00 2.90 2.03
0.01 2.60 6.43
0.02 2.98 4.09
0.04 2.60 4.60
0.06 2.80 4.24
0.08 2.97 3.08
0.10 2.97 2.62

materials in optoelectronic devices. Jayachandraiah et al. [57]
interpreted the decrease in E, to the electron localized states
of rare earth activator ion that develop and insert new elec-
tronic states nearer to conduction band. Increasing the band
gap energy, as a result of quantum confinement effect, is
attributed to the reduction in the particle size along with
enlarging the doping concentration [39]. Farhat et al. [33]
reported that the variation of E, relies on the particle size
and lattice parameters. According to Bras’ effective mass
model, E; of nanoparticles can be expressed as a function
of particle size as follows:

W1 1 1.8¢
E=E  +—|—+—|— , 5
g bulk 2R2 |:me mh:| <R ( )

where E ;, is the band gap of the bulk semiconductor, # is
the second Plank’s constant, R is the radius of the nanoparti-
cle, m, is the effective mass of the electron, m;, is the effective
mass of the hole, e is the charge of electron, and ¢ is the
electric permittivity of the material.

3.3.2. Determination of Urbach Energy of ZnO:Sm
Nanoparticles. In the absorption edge, the size of the expo-
nential tail is identified by the Urbach energy which relies

on thermal vibrations in the lattice, temperature, average
photon energies, static disorder, induced disorder, and on
strong ionic bonds. In the low photon energy scale, the
spectral dependence of the absorption edge is given by the
empirical Urbach rule [58].

o = ﬁth/E“ (6)

where f3 is constant, E, is the Urbach energy and (v) is the
frequency of the radiation.

The graphs of the logarithm of the absorption coefficient
In(e) as a function of the photon energy for ZnO: Sm nano-
particles with x = 0.00 and x = 0.08 are shown in Figures 6(a)
and 6(b), respectively. The Urbach energy was determined, in
the lower photon energy of these plots, by calculating the
reciprocals of the slope of the linear part. The values of E,
are listed in Table 3.

3.4. Magnetic Study. Magnetic behavior of Zn, Sm O
nanoparticles was investigated by tracing, at room temper-
ature, the variation of the magnetization (M) in emu/g as
a function of an applied magnetic field (H) as shown in
Figures 7(a)-7(d) for the samples with x=0.00, 0.01,
0.08, and 0.10, respectively. The pure ZnO reveals a ferro-
magnetic behavior. In general, the three possible reasons
for ferromagnetism can be summarized as the following:
(i) defect related mechanism that is often announced for
DMSs [59], (ii) presence of secondary phases of impuri-
ties, and (iii) appearance of micro Sm clusters. However,
in the present work, the XRD of Sm-doped ZnO nanoparti-
cles did not show indication of secondary phases. Moreover,
signs of Sm clusters were not noticed, which display that the
samarium atoms successfully replaced the regular Zn sites. In
conclusion, the existence of ferromagnetism at room temper-
ature (RTFM) is interpreted by defect-related mechanism. In
our samples, the exchange interactions connecting unpaired
electron spins emerging from oxygen vacancies along the
surface of nanoparticles may be the origin of ferromagne-
tism. Generally, magnetic semiconducting systems can be
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F1GURE 7: (M-H) hysteresis loop of Zn, ,Sm O nanoparticles for (a) x = 0.00, (b) x =0.01, (c) x=0.08, and (d) x = 0.10.



TaBLE 4: The variation of M, M,, H,, and S as a function of x.

X M, (emu/g) M, (emu/g) H.(G) S =M,/M;
0.00 0.0498 0.0182 441.30 0.36546
0.01 0.2970 0.0554 288.36 0.18653
0.02 1.2602 0.0631 61.28 0.05014
0.04 0.3243 0.0050 227.49 0.01541
0.06 1.3665 0.0691 61.54 0.05058
0.08 0.0540 0.0036 78.56 0.06722
0.10 1.8370 0.0001 81.14 0.00006

identified by delocalized band electrons. Magnetic ions are
specified by localized 3d or 4f shells. The magnetic properties
are determined by the localized magnetic moments accompa-
nied with the magnetic ions and their interaction with the host
semiconductor. The interaction accountable for the magnetic
behavior is s, p-f in rare earth magnetic ions. Consequently,
samarium-doped ZnO shows dilute magnetic semiconduct-
ing behavior. The hysteresis loop of undoped ZnO sample also
displayed diamagnetic and paramagnetic participations since
the magnetization M decreased with the increase of applied
magnetic field H after 0.05G. Phadnis et al. [60] reported
similar observations regarding ZnO nanocrystals covered
with polyvinyl pyrrolidone (PVP) and prepared by the wet
chemical route technique at room temperature.

As the concentration of Sm increased, a serious modifica-
tion in the magnetic hysteresis loops existed. The RTFM was
also observed for the doped samples with concentrations
x=0.01 and x =0.04 which may be ascribed to the substi-
tutional inclusion of Sm in Zn-sites. The ferromagnetic
nature decreased for these concentrations which may be
ascribed to the fact that some Sm atoms approach each
other leading to superexchange interactions between them.
Thus, RTFM is lowered relative to pure ZnO, and the
antiferromagnetic coupling grows in nature.

The hysteresis loops for x =0.02, x =0.06, x = 0.08, and
x=0.10 are very narrow in comparison with the other sam-
ples. Kittel [61] established theoretical predictions regarding
energetic stability of a single magnetic domain, determining a
critical dimension of a particle (typically nanometers for nor-
mal ferromagnets). In smaller particles, existence of a single
ferromagnetic zone is favored. Thermal fluctuations acting
upon small particles cannot confirm stable bulk magnetiza-
tion; consequently, the system displays superparamagnetism
(SPM) [62]. In accordance with the TEM technique, all syn-
thesized samples have unlike domains of nanoparticle sizes
and those for x=0.02 and 0.06 <x<0.10, possess number
of particles with sizes smaller than 35 nm that might explain
the emergence of superparamagnetism and accordingly
smaller contribution to ferromagnetism.

The values of saturation magnetization (M), retentivity
(M,), coercivity (H,) and squareness ratio S= (M /M) are
presented in Table 4.

It can be noticed that the values of M, and M, have the
same variation trends for 0.00 <x<0.08. The highest value
of the saturation magnetization and the lowest value of the

Journal of Nanomaterials

retentivity are revealed for x = 0.10. The H_ values vary with
increasing the doping values. For the samples that showed
ferromagnetic behavior with x =0.00, x =0.01 and x = 0.04,
the values of H_ decreased while the values of M, increased.
Variations in the coercive field were produced by dissimi-
larity in defect states and anisotropy contribution due to
the clusters of crystallites [63]. Jung et al. [64] reported
that remanence to saturation ratio (S=M,/M,) character-
izes the squareness of the hysteresis loops, where $<0.01
is a typical value for SPM particles. The data of S in our
samples are lower than 0.5, denoting that the particles
communicate by magnetostatic interaction and the anisot-
ropy decreases in crystal lattice [65, 66]. The squareness ratio
(S) of the sample with x =0.10 is 0.00006 which indicates a
superparamagnetic behavior.

4. Conclusions

Pure and samarium-doped ZnO nanoparticles (Zn,_ ,Sm O),
(0.00<x<0.10), were prepared by chemical coprecipitation
method. XRD investigation revealed the existence of hexago-
nal wurtzite structure of ZnO with the absence of Sm,0O,
as separate phase. TEM micrographs revealed that the syn-
thesized particles have no definite shape for x=0.00 and
x=0.10 and the form of the particles was modified to nano-
like rods for 0.01 <x < 0.08. FTIR analysis for pure and doped
ZnO samples admitted the existence of O-H and Zn-O
stretching modes around 3451 cm™' and 428 cm ™, respec-
tively, with a peak shift regarding Zn-O stretching mode
attributed to modifications in parameters and bond proper-
ties of ZnO lattice when perturbed by samarium doping.
The band gap energies (E,) and Urbach energies (E,) were
computed from the UV-VIS spectra. The calculated values
of E, were in the range 2.6-2.98 eV. Hysteresis curves from
vibrating sample magnetometer study, at room temperature,
revealed that undoped ZnO nanoparticles exhibited a ferro-
magnetic signal merged with diamagnetic and paramagnetic
behavior. The ferromagnetism behavior was diminished for
the synthesized samples with x = 0.01 and x = 0.04. A super-
paramagnetic behavior appeared for samples with x =0.02
and 0.06<x<0.10 revealing the potential applications in
different industries triggering further research. Other param-
eters such as saturation magnetization, coercive field, and
remanent magnetism from VSM analysis were calculated.
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