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Zna -»xMn.O (x = 0.086 and 0.090) nanoparticles have been successfully synthesized. This research aims
to make Zna - »Mn.O nanoparticles and observe the effect of Mn2+ doping ion concentration in ZnO material
by coprecipitation method, which is then followed by heat treatment at 350 °C for 3 h. Zng - »MnxO nano-
particles produced were then characterized using XRD, SEM, VSM and FTIR equipment. XRD data were
generated using the Rietveld program. The XRD refinement results show that the substitution of Mn2* ions
into ZnO can change the behavior of the lattice parameters and atomic density. The shape and particle size
of Zna -»Mn<O nanoparticle samples change with the addition of Mn2?* ion doping. Likewise, there is a
change in magnetic properties such as magnetic remanent (M;) of Zng - »Mn.O nanoparticles as a result of

substitution with the addition of Mn2* ions.
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1. INTRODUCTION

Zinc oxide nanoparticles are one of the semiconduc-
tor nanoparticle materials that have been widely devel-
oped in nanotechnology because they have mechanical,
electrical and optical properties that can be applied for
many uses including solar cells, catalysts, ultraviolet
protective thin films, gas sensors, and others.

There are many ways to synthesize zinc oxide na-
noparticles which include coprecipitation methods
[1, 2], solid-state reaction [3, 4], ion implantation [5],
solvo-thermal process [6, 7], and diluted magnetic sem-
iconductors (DMS) which attracted many researchers
because of their potential applications in spintronic
devices. They can be utilized as spin-valve transistors,
spin light-emitting diodes, non-volatile memory, optical
isolators and so on. Inside doped DMS there are the
transition metals of groups II-VI and III-V [8]. Wurtzite
zinc oxide with wide gap energy (3.4-3.7 €V) is a mate-
rial that attracts attention [9, 10]. Some zinc (Zn) can
be substituted with manganese (Mn) ions which can
give ferromagnetic properties [11]. The solubility of Mn
ions to the ZnO lattice causes the availability of carrier
atoms which increases the ferromagnetic properties of
Zn0O at room temperature [12]. Of all transition metals,
Mn doping in ZnO gives the best results because Mn
has a low Curie temperature (7¢) and the radius of Mn
atom approaches the radius of Zn atom so that it is
easily fabricated when compared to other transition
materials [13]. Zinc oxide hexagonal wurtzite crystal is
a promising material for photodetectors, blue laser di-
odes and ultraviolet. Many studies have been carried
out to produce the ferromagnetic properties of zinc ox-
ide including powder and thin films.

The synthesis of manganese doped ZnO nanoparti-
cles by the coprecipitation method without the presence
of a secondary phase produces good ferromagnetic
properties in the sample [14]. In this research, Mn at-
om doping (0.086 and 0.090) was carried out to further
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reveal the behavior of magnetic properties that have
potential applications for spintronic devices.

2. EXPERIMENTAL
2.1 Materials

Materials with a high level of purity such as
Zn(CH3C00)2.2H20, Mn(CH3C0O0)24H20, HCl 37 %,
NH4OH 25 % from the catalog of Merck Germany are
used in this research.

Zna - »MnxO (x = 0.086 and 0.090) sample is created
using chemical coprecipitation method. The basic mate-
rials are Zn(CH3COO0)2.2H20 and Mn(CH3COO)2.4H20.
They are mixed and dissolved together with a prede-
termined stoichiometry into HCI 0.5 M, then NH4sOH
3 M is slowly added into the solution mixture until the
pH of the solution reaches 9, and it is stirred using a
magnetic stirrer while heating it to a temperature of
85 °C for 6 h. After that, the solution is washed with
distilled water until the pH lowers to 7. The precursors
are dried in an oven at 100 °C for 3 h and then calcined
in a furnace at 350 °C for 3 h.

2.2 Characterization

The samples of Zna-»yMn.O (x=0.086 and 0.090)
nanoparticles produced are characterized by X-ray dif-
fraction (XRD) using Phillips X-pert Powder Diffrac-
tometer with a CuKa radiation source (A = 1.54056 A).
The analysis of the diffraction patterns by the Rietveld
refinement method using the Rietica program is carried
out to extract crystal structure information from
Zna - »MnxO (x = 0.086 and 0.090) synthesized samples.
Scanning Electron Microscopy (SEM, FEI Inspect S50)
photos are completed with Energy Dispersive Spectro-
photometer (EDS), and Zng - xMn,O (x = 0.086 and 0.090)
samples are used to study morphological characteristics
and element mapping. Meanwhile, FTIR analysis using
the Shimadzu FTIR-8400 S spectrophotometer is carried
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out to measure the absorption peaks associated with the
vibrational frequencies of the bonds of the atoms mak-
ing up Zna-»MniO (x =0.086 and 0.090) nanoparticles.
Magnetic properties analysis is performed using Vibrat-
ing Sample Magnetometer (VSM).

3. RESULTS AND DISCUSSION
3.1 Analysis of the Crystal Structure

The XRD data of the sample are shown in Fig. 1. All
samples show a hexagonal structure with a P63/mc
space group. The parameters of Rp, Rup, and y2 obtained
after refinement for all samples are listed in Table 1.
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Fig. 1 — The profile of XRD patterns of Zng - yMn.O nanopar-
ticles: (a) x = 0.086 and (b) x = 0.090

Table 1 - Parameters of Zna -yMn.O (x = 0.086 and x = 0.090)
nanoparticle structure

No. | Parameters x=0.086 x=0.090
Lattice parameter
1 a=b(A) 3.2533 3.2489
9 Lattice parameter 59073 51988
c (A)
3 | p(g/lem?) 5.663 5.620
4 Zn0 phase (%) 100 100

From Table 1 it can be seen that the lattice parame-
ters a and c are reduced after Mn?* ion substitution.
This shows that the hexagonal structure has contracted
along the a-axis and the c-axis. The decrease in the
lattice parameters (a = b and c) is closely related to the
covalent radius of the Mn2* ion. A small shift in the
value of the lattice parameter and the volume of the
crystal indicates the successful incorporation of Mn2*
ions into ZnO nanoparticles.

3.2 FTIR Analysis

Fig. 2 shows the observation result of samples with
FTIR using spectroscopy FTIR-8400S Shimadzu with
the range of wavenumber between 400-4000 cm 1.

Table 2 represents the quantity of absorption peak
values and the functional groups for all variations of
manganese doping concentrations. There are two main
absorption peaks with a wide band in the wavenumber
region of around 1600 cm~! and 1400 cm ~! which are
absorption bands from stretching vibrations of the car-
boxyl group (C=0) [15] and Zn—C-O vibrations [16].
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Fig. 2 — FTIR spectrum of Zng - »Mn.O nanoparticles:
(a) x=0.086 and (b) x = 0.090

The authors of [17] obtained two main wide absorp-
tion bands in the wavenumber region of 1650 cm~1! and
1400 cm -1 which are related to asymmetric and sym-
metric stretching vibrations of the carboxyl groups (C=0)
located on the surface of nanoparticles originating from
atmospheric COz2. The absorption peak at the wave-
number region of around 3500 cm~1! represents stretch-
ing vibration of O—H [18], and [19] stated that absorp-
tion in the wavenumber region of around 3428 cm~1 is
the O—H vibrational mode of Cu-doped ZnO nanoparti-
cles. The O-H vibrational mode is also obtained at a
wavenumber of around 3390 cm-! [20] and 900 cm !
according to the deformation C=0 [21]. Absorption peak
in the wavenumber region of around 2300 cm —! is owned
by COs vibrations due to their presence in the air [15].
Another peak is observed in the wavenumber region of
around 650 cm~! which is owned by symmetric bending
vibrations from O-H [18]. Most importantly, a very
strong band is detected in the wavenumber region at
487.96 cm 1! in the FTIR spectrum for ZnO without dop-
ing which is claimed to be in accordance with the vibra-
tional strain of Zn—O [18]. Other peaks in the wave-
number region of around 500 cm~! and 400 cm~1! in the
FTIR spectrum for Mn-doped ZnO clearly reveal the ex-
istence of strain vibrations between transition metals
(Zn, Mn) and O [18, 22]. Some researchers claim that
absorption around the wavenumber is the stretching
vibrations of Zn-0O, such as around 420 cm-! [19],
around 460 cm~1! [20], around 410-438 cm~1, Ghotbi, et
al. (2011). The absorption peaks (Zn, Mn)-O decrease
along with increasing manganese doping. Ultimately,
these absorption peaks indicate the presence of resonant
interactions among the vibrational modes of oxide ions in
Zn(1 - x)Mn,O nanoparticles.

3.3 SEM-EDS Analysis

As can be seen in Fig. 3a, SEM characterization re-
sults show that the particle size for all samples is in the
order of nanometers. Morphology and particle size are
found to be porous and non-uniform and agglomeration
occurs. After substitution of Mn by 0.086, the majority
of particles are rod, while the majority of particles are
hexagonal rod for Mn substitution by 0.090. The growth
of wurtzite grain is inhibited by the incorporation of Mn?*
ions. However, the grain size of Zn@ - »9Mn.O (x = 0.086
and x = 0.090) nanoparticles is relatively stable.
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Table 2 — Functional groups of Zna - »yMn.O (x = 0.086 and x = 0.090) nanoparticles

VZ?::: (acl:lsl?ll‘;)- Functional group
The concentration O-H CO2 C=0 Zn—C-0 C=0 O-H Zn—-0
of Mn doping stretching | vibration | stretching vibration deformation |sym. bending| stretching
0.086 3.489 absent 1.641 1.389 924 509 432
0.090 3.454 absent 1.641 1.383 908 615 430

Fig. 3 - SEM micrographs of Zng-»Mn.O nanoparticle sam-
ples: (a) x = 0.086 and (b) x = 0.090

=
]

Fig. 4 - EDS spectrum of Zna-yMn.O nanoparticle samples:
(a) x = 0.086 and (b) x = 0.090

Table 3 — Distribution of elements in Zng-»MnO (x=0.086
and x = 0.090) nanoparticles

No Element x =0.086 x=0.090
1 (6] 50.3 37.1
2 7n 11.0 17.4
3 Mn 11.9 1.3

The SEM photo clearly illustrates that the morphol-
ogy of the sample is not homogeneous with the non-
uniform distribution. Different particles cannot be dis-
tinguished very clearly due to the growth of grains.
Based on Fig. 3 it is also clear that the particles are
clustered together. This is due to the low calcination
temperature so that the liquid bridge, which is caused
by atomic diffusion, has not been formed.

The elements contained in Zna - »MnxO nanoparti-
cles are identified using Energy Dispersive Spectropho-
tometer (EDS) equipment incorporated into SEM. The
spectrum of EDS observations is shown in Fig. 4.
Meanwhile, the elements contained in Zn - 9MnxO are
listed in Table 3.

In Fig. 4, the peaks of zinc (Zn) element, oxygen (O)
element, and manganese (Mn) element are observed.

Observation of these peaks confirms the presence of the
manganese element in ZnO nanoparticle samples with
various doping concentrations.

Based on Table 3, it appears that the comparison
between Zn and Mn elements (in % of atoms) for each
sample has a different content, but the difference is not
too significant.

3.4 Analysis of Magnetic Properties

The magnetic behavior of Zna-x)Mn:O (x=0.086
and x=0.090) nanoparticles was measured at room
temperature using VSM. From the results of magneti-
zation measurements of Zna-x)MniO (x=0.086 and
x = 0.090) nanoparticles using VSM, a hysteresis curve
slowing the characteristics of the ferromagnetic sample
is obtained, as shown in Fig. 5. Ferromagnetic materi-
als have a resultant large atomic magnetic field. This is
caused by the magnetic moment of the electron spin.

In this material, there are many unpaired electron
spins. Each unpaired electron spin will create a mag-
netic field so that the total magnetic field generated by
one atom becomes larger. The magnetic field of each
ferromagnetic material atom is very strong, and there-
fore the interaction between neighboring atoms causes
most atoms to align themselves to form groups known
as domains. Before being given an external magnetic
field, ferromagnetic material has a domain with a
strong magnetic moment, but this magnetic moment
has a different direction from one domain to another.
Therefore, the magnetic fields produced by each do-
main cancel each other out. If this material is given an
external magnetic field, these domains will align them-
selves in the direction of the external magnetic field.
The stronger the magnetic field, the more domains that
align themselves. As a result, the magnetic field in the
ferromagnetic material is getting stronger. After all,
domains have been directed, the addition of an external
magnetic field does not effect because there are no
more domains to be rectified. This situation is called
saturation. A high remanent magnetization value is
obtained by Zna-»MniO (x=0.090) nanoparticles in
Fig. 5. The remanent magnetization value is propor-
tional to the coercivity field which tends to rise.
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Fig. 5 — Test results of vibrating sample magnetometer of
Zn - yMnO (x = 0.086 and x = 0.090) nanoparticles

04007-3



HERU HARSONO

4. CONCLUSIONS

Zn(1 - »MnxO (x = 0.086 and 0.090) nanoparticles have
been successfully synthesized by the coprecipitation
method. The observation results of samples using FTIR
showed the presence of Zn-O stretching modes in the
hexagonal lattice observed in the spectrum at 430 cm !
and 432 cm 1. This confirms the formation of hexagonal
structures. Changes in the structural parameters, mor-
phology and magnetic properties of Zna - »yMnxO (x = 0.086
and 0.090) nanoparticle samples are characterized using
XRD, SEM-EDS, and VSM equipment.

The XRD refinement results show that the influence
of Mn2* ion doping causes the shrinkage of the lattice
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parameter on the behavior of crystal structures. The
morphology of Zna -»yMnsO (x = 0.086 and 0.090) nano-
particle samples is changing in size and shape. In addi-
tion, magnetic behavior such as remanent magnetiza-
tion (Mr) decreases due to increasing Mn?* ion doping.
From the results of a series of tests, it can be stated that
Zna -»yMnxO (x =0.086 and 0.090) nanoparticle samples
can be applied as the basis of spintronic equipment.
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XapakTepuCTHKA KPUCTAJIIYHOI CTPYKTYPH TA MArHiTHHX BJIACTUBOCTEH
pe3yapTaTiB CUHTEe3y HAHOYACTHHOK Zn( - yMnxO (x = 0,086 Ta 0,090),
OTPUMAaHUX 34 JOIMOMOTOI0 METOAY CIIiBOCAKEHHS

Heru Harsono

Department of Physics, Faculty of Mathematics and Natural Sciences, Brawijaya University,
Malang 65145, Indonesia

Hawmouacruaru Zng -yMn.O (x = 0,086 ta 0,090) Oysm ycmimeo cuuresoBani. Lle mocmimrenns mae Ha
MeTi BUTOTOBJIEHHSI HAHOYACTHHOK Zna-yMn O Ta cmocrepiraHHs BILUIMBY KOHIIEHTPAIN] JIETYIOUUX 10HIB
Mn2+ y marepiam ZnO meromoM CIiBoca/yKeHHs, 3a AKUM CiIifaye Tepmivna o6podka mpu 350 °C mporsirom
3 ron. Ilorim orpumani HamoyacTwHKM Zng -»Mn.O xapakrepusyBanam 3 BUKOpPUCTAHHAM TexHosorii XRD,
SEM, VSM ta FTIR. Jaui XRD Gysu orprMaHi 3a ZommoMoromo mporpaMu Pirsesbaa. PesyabraTu yrouneHHs
XRD noxasywors, 1o 3amimnierss iouiB Mn2* B ZnO Moske 3MIHUTH HOBEIIHKY IapAMETPIB PEIliTKU Ta ATOMHY
rycruHy. @opMa Ta po3Mip YaCTHHOK 3paskiB Zn( - yMn,O 3MIHIOIOTECA 3 OMABAHHAM JIErylounx ioHiB Mn2+,
Tar camo BiIOyBaeThCcsi 3MiHA MArHITHUX BJIACTHBOCTEH, TAKUX SIK MATHITHUN 3ayumiok (M,) HAaHOYACTUHOK
7Zn - vMn,O, B peayJibTaTi 3aMIIeHHS 3 I0IaBaHHAM 10HIB Mn2*,

Kurouosi ciosa: Zng - »Mn,.O nanouactuukn, CriBocaprenss, [lapamerpu crpykrypu, MardiTHI B1acTuBoCTI.
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