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Abstract

This is a pure and Scandium (Sc+3), Manganese (Mn+3) were added to ZnO in
different controlled percentages Zn(1-x) ScxO, Zn(1-x) MnxO. Synthesized using a co-
precipitation technique. Particularly, it was demonstrated that several novel and intriguing
physical properties. These were created by means of a combination of morphological-structural
and optical research. X-ray diffraction research explained that the ZnO hexagonal
wurtzite structure was preserved alongside the (002) preferred crystallized plane for ZnO with
(Sc,Mn)ions added .The particles were examined using field emission scanning
electron microscopy shows the hemispherical shape and shows the increase in amount of
manganese, as well the higher agglomeration. A distinct magnetization was indicated by the
vibrating sample magnetometer test, which was utilized to obtain the hysteresis loops. ZnO-
NPs showing at room temperature ferromagnetic (RTFM) characteristic.

Keywords, Diluted Magnetic Semiconductors, ZnO, Manganese, Scandium, XRD,
FESEM, VSM

Introduction

Dilute magnetic semiconductors (DMS) that made of zinc oxide (ZnO) were gained a lot
of research attention [1]. This is due to they offer a lot of potential for use in the various room-
temperature electromagnetic devices [2]. As a result of its broad band gap ( ~ 3.4 eV),
high exciting binding energy at ambient temperature( 60 meV), short luminescence lifetime,
and other factors [3],excellent mechanical and chemical stability [4]. Because of the general
lack of stoichiometry, primarily caused by oxygen vacancies, ZnO is often an n-type wide-
gap semiconductor [5].These vacancies cause the band gap to generate deep trap levels [6].
ZnO may have its physicochemical properties, for instance, its crystallographic
morphological, optical, electrical, and the magnetic properties, controlled by doping it with
M(+3) elements (M=In, Ga, Sc, Y, Mn, Al, B, and TI) [7]. How effective doping substances is
functions was determined by the difference in ionic radius between the doping and host atoms
[8]. It is a viable contender due to these characteristics for the fabrication of the several
optoelectronic, sensor, photo-catalyst, and magneto-optical devices. Nowadays studies are
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bingeing conducted on the optical characteristics of nanostructured ZnO that has been doped
with  transition metals. This is due in response to the high demand for
nanostructured optoelectronic devices in the future [9]. Many methods were developed to create
a (Sc,Mn) doped ZnO nanoparticles. The research decided the co-precipitation method because it
is a controlled wet chemical method that allows for easier sample fabrication with
greater homogeneity. The study also studied the structural and optical properties of the
(Sc,Mn) doped ZnO nanoparticles[10].

Materials and Methods

The precursor materials were directly employed in the formation of nanocrystallites. The
pure form of ZnO was synthesized by co-precipitation in this work as follows first sample: 6.11g
of zinc nitrate hexahydrate in 50 ml of water that was constantly stirred, zinc nitrate
hexahydrate is made. Then, 4.312g of citric acid that was dissolved in 50ml of water and slowly
added to the above solution with the stirring constantly at 70-80°C for 2 hours.

In the same time second sample, for dopant, a mixture of zinc nitrate hexahydrate (Zn
(NO3)2. 6H20), Scandium nitrate (Sc (NO3)3) and third sample mixture of zinc nitrate
hexahydrate (Zn (NO3)2. 6H20), Manganese nitrate (Mn(NO3)3) was stirred in DI water until
the concentrations of both are equal. Three samples were prepared pure ZnO , Zn(1-x) ScxO and
sample was prepared from Zn(1-x) Mnx O with (x=10 wt%) to study the effect of the
manganese, Scandium ion individually. Then, 50 ml of citric acid was slowly added to the above
solution, then mixed for 2 hours at 70-80°C. The gel formed from both processes was dehydrated
in an oven at 120°C for 3 hours. The Nano crystallites were crushed with a mortar and pestle
before being annealed at 400°C for further characterization. The Starting materials in Co-
Precipitation method shown in tablel

Tablel: The Starting materials in Co-Precipitation method.

Material Chemical Purity Physical
name Formula state
Zinc nitrate Zn(NO3),.6 99.99 Solid

hydrate H,O
Scandium 99.99 Solid
nitrate Sc(NOg3)3 99.99 Solid
Manganese Mn(NO3)3 99.99 Solid
nitrate CsHgO7 Liquid
Citric acid H,0

distilled water
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1. Results and Discussion
3.1 Structural Properties

The XRD patterns of the main phase and Zng.x) Scx O , Zng.x Mnx O where (x=10%wt)
doped ZnO Nanostructures are shown in (Figurel a) after the being calcinated at 400C° for 45
minutes . Each and every diffraction peak were identified as pure the hexagonal-wuartzite
structure of ZnO. The identified peaks was consistent with the standard diffraction reflections for
(ICDD 01-074-0534 ) , the space group P63mc the lattice parameters a = 3.245 A ° and ¢ =
5.207 A °. There is no traces of other impurities like Zn (OH),, Sc,03 Mn,O3 , it was observed
that the amount of scandium and manganese is less than the limits for solubility. But the study
doesn't exclude the possibility that clusters or precipitates of the secondary amorphous phase will
form and be small enough that the XRD readings won't show.

The intensity of the XRD lines increased as the doping with Scandium and intensity of the
XRD lines decreased as the doping with manganese, the FWHM expanded relative to the pure
ZnO-NRs and the XRD lines' intensity fell (Sc,Mn 0.1%). This could mean that, in the
comparison to the un-doped ZnO-NPs, the doped specimens displayed lower coherent domain
sizes and increased crystallinity. Sc-doped ZnQO's diffraction peak (20 = 34.262°) was moved
across lower angles compared to the pristine ZnO-NPs (20 =34.409 ), Mn-doped ZnO's
diffraction peak (20 = 34.358°) was moved across higher angles after the angle was less in
scandium compared to the pristine ZnO-NPs as shown in (Figure 1 b). The results were
consistent with prior reports [11-12]. All patterns are in the single-phase, with no diffraction
peaks from related oxide. This is because Sc** has an ionic radius (0.75 AY) that is slightly greater
than Zn(0.74A") ,Mn*® has a slightly smaller ionic radius (0.66 A’) than Zn (0.74 A°). This
pattern aligns with the earlier experimental reports. [11-13].

Peak shifting maybe a sign that strain formed in the ZnO lattice host and that the Zn*2ions'
crystallographic sites were successfully occupied by Sc*3, Mn*3ions. Moreover, by increasing
the concentration of the manganese ion to ZnO, the diffraction peaks shifted towards a higher
wavelength . The results are in line with earlier Manuscripts [11-13]. As the doping Sc, XRD
lines' intensity increased, Mn XRD lines' intensity decreased, XRD peaks broadening (FWHM)
were decrease, this is relative to the pure ZnO-NRs and the XRD lines' was more intense. This
could explain in the comparison to the un-doped ZnO-NPs, the doped specimens displayed lower
coherent domain sizes and increased crystallinity. All patterns are the single-phase, with no
diffraction peaks from related oxide.This pattern aligns with the earlier experimental manuscripts
[11-13].

The Scherrer equation was used to determine of the average crystallite size, through using
the full width at half maximum (FWHM) of the diffraction peaks, for (100), (002), and (101)
planes are the strongest in order to get the average coherent domain size according to the
equation [14].

D=kMXBcosH........ 1)

The geometrical constant is k (0.9), D is the domain size, and A is the wavelength of the used
X-ray (A = 1.5406 A). Where the diffraction angle is the diffraction peak's FWHM, and the
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geometrical variable. The average grain sizes scandium, manganese doped zinc were found to be
in the (10.31, 10.70 nm) which indicates that the samples are Nano crystalline. For the pristine
ZnO-NPs, the obtained crystallite size was 18.24 nm. This result is in the complete agreement
with the previous experimental calculations. The crystallite size of the doped samples were
decrease slightly in (0.1 Sc*®) then increased in (0.1 Mn*®) as compared to the pure state. The
lattice parameter for pure ZnO NPs is shown in Table2. The pure ZnO NPs is equal to (3.249,
5.205 A), whereas for doped samples were raised. The lattice parameter can increase to a
maximum of (3.264, 5.219A) at (x=0.1) .The strongest diffraction peak's intensity (20=36.2766)

along the (101) plane was decrease.
\

Table (2) Structure Factors of Doped and un-doped ZnO

Sample crystallite Space Lattice d-
size (nm) Group spaci

along (100) param ng
(002) and eter ("A)

(FA)

Pure 1824 186 84542 2475

23

Sc%10 1031 186% 84842

2 486

Mn?%10 1070  186% 84564 O
2473

70
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Figure 1. (a) XRD Pattern of Doped and Un-doped ZnO
(b) Shifting of Doped and Un-doped ZnO for (100) and (002) plan
3.2 FESEM Observations

Figures 2 shows the typical FESEM images respectively, of ZnO pure and ZnO/Sc , ZnO/
Mn (10 wt. %) annealed at the optimum temperature of 400 °C in air atmosphere for 1 h.
FESEM is mainly used to analyzing the surface topography of the sample.The particles show
semispherical shape, and these particles are in the highly agglomerated form (Figure2 a)
demonstrates the pure ZnO nanoparticles as seen in FESEM pictures. It shows that the ZnO
nanoparticles as seen in FESEM pictures. It shows that the ZnO nano-crystallites are uniformly
sized and spherical in shape .Larger-sized ZnO is produced through the agglomeration of ZnO
nanoparticles. Very little interparticle pore development occurs. The annealing temperature and
the molar concentration of the precursor utilized for synthesis may be to blame for this. (Figure 2
b) it presents SEM photos of the powder samples doped with Sc*® it shows that no discernible
change in the particle morphology. Nearly all of the samples have aggregates of heterogeneous
spherical nanoparticles as their primary morphology. However, particle size tends to decrease
and change the surface shape as Sc** doping increase. The higher agglomeration is seen as the
manganese concentration rises. SEM images of ZnO and ZnO doped with 10wt%Mn samples are
shown in (Fig2 a and c), respectively. Un even globular particles were produced by pure ZnO
SEM image of 10wt%Mn sample.
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Figure2. FE-SEM Images ( a) Pure ZnO Nanostructures and (b) ZnO/Sc- 10wt%
(¢)ZnO/Mn-10wt%

At SEM micrographs the purity of the ZnO oxide was visible in the EDS micrograph. Zn and
O were the only elements present in the sample. Zn and O were discovered to have weight
percentages and atomicity of 73.15, 40.01, and 26.85, 59.99, respectively, which are similar to
the weight % of bulk ZnO (80 for Zn and 20 for O). Zn and O were found to have weight
percentages and atomicity of 77.47, 22.53, and 54.3, 45.7, respectively. According to EDS
report the weight percentage and atomicity of Zn, Sc** and O were discovered to have weight
percentages and atomicity of 76.98, 19.14, 3.88, and 47.86, 48.63, 3.50, respectively. The spectra
revealed Zn signals at approximately 1 keV and 8.6 keV, as well as the oxygen peak at about
0.52 keV. Furthermore, at about 4.3 keV [12]. The peaks corresponding to Sc*3 have been seen.
The kind and percentage by weight of each component in the chosen sample point are provided
by the EDX. The study can distinguish between the EDX analyses of un-doped and doped ZnO,
which led to a rise in the percentage of Sc*3 ions and a decrease in Zn*2 ions. Moreover, EDX
examination showed that the highest proportion of zinc atoms is 76.98% at the ratio of scandium
ions (10wt %), which strongly shows that the introduction of Sc*3 came at the expense of Zn*2.
The findings of the EDX study reveal that the amount of Zn*2and Sc*3 ions when comparing
the final powder to their load, they are not only similar but also quite compatible with one
another. The kind and weight % of each element present in the chosen point of the samples are
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provided by the EDX. The study can distinguish between un-doped and doped ZnO based on
their EDX analyses. This lead to resulted the increase in the percentage of Mn*3 ion and
increase in the percentage of Zn*? ion. Furthermore, EDX analysis revealed that the highest ratio
of Zinc atom was 89.05 % at the manganese ratio ion (10wt %).The findings of EDX study
demonstrates that the Zn*? and Mn*® ion loads in the final powder is not only fairly similar to one
another, but also have excellent compatibility.
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Figure 3. EDX Analysis of Zinc Oxide Nanopatrticles ZnO
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Figure 5. EDX Analysis of Zinc Oxide Nanoparticles Doped
with Mn10 wt%
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3.3 -Magnetic Properties

In recent years, numerous writers have provided explanations for the room temperature
ferromagnetism (RTFM) seen in pure ZnO-NPs, using the room temperature magnetic
hysteresis loop (M-H) for ZnO-NPs. [11].Using VSM at the room temperature, magnetization
hysteresis loops were performed in order to examine of the magnetic properties of Sc** ,Mn*?
doped ZnO-NPs. For both pure and doped ZnO-NPs, the loops measuring magnetizations
against applied magnetic field (M-H) are displayed in Fig6. The present S-like curves, showing
room temperature ferromagnetic (RTFM) characteristic. Magnetization due to the tiny
crystallite and particle sizes, as well as the tiny amount of magnetic element present in these
types of DMS systems were obtained in the pure and doped samples
Diluted magnetic semiconductors, transition-metal oxide-doped semiconductors [11-15].
Therefore, it appears that the sample's reported ferromagnetic nature at ambient temperature is
inherent. A good reason for the ferromagnetic behavior seen in the room temperature [16,17]
(RTFM) in our Sc*®,Mn*3. Furthermore, it was practical to believe that the magnetic signal was
relative to the vacancies density [18-20]. They were discovered that the pure ZnO nanoparticles
displayed, due to the exchange interaction between localized electron spin moments generated
from oxygen vacancies in the surface of nanoparticles, they are ferromagnetic at room
temperature. The magnetization versus magnetic field [M-H] loops for the Zn;.,ScxO , Zn;.
«Mn,O (x =0.1wt%). The coercive field at RT is roughly 115.78, 239.4 and 53.320e,
respectively. The coactivity decreases in (0.1wt%Mn) and increasing (0.1wt%Sc) doping .This
difference was caused by the development of a localized magnetic moment, which can happen
when the cation flaw is added to the ZnO-NPs host lattice by doping [13]. The value of Ms is
28.34 emu g'* for pure, 37.63 emu g*for 0.1wt%Mn and decrease 9.56 emu g™ for 0.1wt%Sc.
As a result, the magnetic moments caused by defects that may have occurred during the
synthesis of the ZnO-NPs compound may be the cause of the ferromagnetic behavior seen in
these samples. The values of the M against H curve's coercive field (HC) and remanence
magnetization (Mr) have a slight magnitudes. As shown in Table 5

Table5. Magnetic Properties of Zinc Oxide Samples

Sample HC (Oe) _I\l/ls emu g _I\l/lr emu g
name

Pure ZnO 115.78 28.34 2.62
10%Sc 239.4 9.56 2.4

10% Mn 53.32 37.63 1.51
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Figure 6 (a) Hysteresis Loops of Pure Zinc Oxide
(b) Hysteresis Loops of Zinc Oxide with 10% Sc
(c) Hysteresis Loops of Zinc Oxide with 10% Mn

2. Conclusion

ZnO doped with the Scandium, manganese was prepared with (10wt%)using co-precipitation
method. The characterization XRD research verifies that the ZnO hexagonal wurtzite structure
was preserved alongside the (002) preferred crystallized plane for ZnO with (Mn , Sc) added . In
FESEM show semispherical shape, and these particles are in the highly agglomerated for ZnO
doped Scandium when increase in the manganese amount, higher agglomeration is observed.
VSM displays the magnetizations versus applied magnetic field (M-H) loops for the pure and
doped ZnO-NPs. The current S-like curves reveal ferromagnetic materials at the room
temperature. (RTFM) characteristic.
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