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ABSTRACT

Manganese-doped zinc oxide (Mn-ZnO) nanoparticles were successfully synthesised via the sol-gel route with 0.02
M Mn concentration and calcination at 500 °C. The structural, electrical, and magnetic properties were investigated
through X-ray diffraction (XRD), Fourier Transform Infrared Spectroscopy (FTIR), Raman spectroscopy, and
Vibrating Sample Magnetometry (VSM). XRD confirmed the crystalline nature of Mn-ZnO, consistent with a
single-phase wurtzite structure, showing that Mn doping does not introduce any impurity phases. FTIR spectra
revealed the characteristic Zn—O stretching vibrations, validating metal-oxygen bond formation. Raman analysis
confirmed the wurtzite ZnO lattice with slight phonon shifts due to Mn incorporation, indicating successful
substitution within the ZnO lattice. Magnetic analysis indicated weak ferromagnetism at room temperature,
attributed to exchange interactions between Mn2+ ions mediated by intrinsic defects such as oxygen vacancies. The
synthesized material exhibits promising multifunctional characteristics suitable for spintronic and sensor
applications.
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INTRODUCTION

Transition-metal (TM) doped ZnO materials have attracted significant interest for their potential in optoelectronic,
spintronic, and multifunctional nanodevices. ZnO, a I1-VI semiconductor with a direct band gap of 3.37 eV and high
exciton binding energy (60 meV), provides a suitable host lattice for TM doping to tailor its structural and magnetic
properties [1-3]. Among the TM dopants, Mn2* is particularly appealing due to its electronic configuration (3d*) that
enhances spin interactions and defect-mediated magnetism in the ZnO matrix [4, 5]. The sol-gel technique offers excellent
control over homogeneity, particle size, and stoichiometry at relatively low processing temperatures [6—8]. Doping ZnO
with a small molar fraction of Mn can alter the crystal structure, lattice strain, optical band gap, and magnetic
characteristics, making it suitable for applications in spintronics and dilute magnetic semiconductors (DMSs) [9-11]. In
this study, 0.02 M Mn-doped ZnO nanoparticles were synthesized using the sol-gel route and calcined at 500 °C. The work
focuses on understanding the effect of Mn incorporation on the structural, electrical, and magnetic behaviors of ZnO
through XRD, FTIR, Raman, and VSM analyses.

2. Experimental Methodology

2.1 Materials

Analytical-grade zinc acetate dihydrate (Zn(CHsCOO).-2H.0), manganese acetate tetrahydrate (Mn(CHsCOO).-4H-0), and
citric acid (CsHsO-) were procured from Merck. All reagents were used without further purification, and deionized water
served as the solvent.

2.2 Synthesis Procedure

The sol-gel synthesis route was adopted. Stoichiometric quantities of zinc acetate and manganese acetate corresponding to
0.02 M Mn doping were dissolved in deionized water. Citric acid acted as a chelating agent to form a stable sol. The
solution was stirred at 80 °C for 2 h until a homogeneous gel formed, followed by drying at 120 °C to obtain xerogel
powder. The dried gel was calcined at 500 °C for 3 h to enhance crystallinity and remove residual organics.
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2.3 Characterization Techniques

XRD patterns were recorded using Cu Ka radiation (A = 1.5406 A) to examine the crystalline phase and structure.
FTIR spectra were obtained in the 400-4000 cm™ range to identify chemical bonding and metal-oxygen interactions.
Raman spectra were collected using a 532 nm excitation laser to study phonon modes and confirm structural order.
VSM measurements were conducted at room temperature to assess magnetic behavior.

Electrical resistivity was measured by the standard two-probe method using pressed pellets of the calcined sample.

RESULTS AND DISCUSSION

3.1 X-ray Diffraction (XRD)

The XRD pattern (Fig. 1) confirmed the formation of a single-phase wurtzite ZnO structure. The absence of any secondary
peaks corresponding to Mn or manganese oxides indicates that Mn2* ions were successfully incorporated into the Zn2*
lattice sites without altering the parent crystal structure. The broad diffraction peaks suggest nanocrystalline size. A slight
shift in diffraction angles reflects minor lattice distortion due to the substitution of larger Mn2* ions (0.083 nm) for Zn2*
(0.074 nm). The calculated crystallite size lies in the nanometer range, consistent with sol—gel-derived ZnO nanostructures.
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Figure 1: XRD pattern of 0.02 M Mn-doped ZnO nanoparticles calcined at 500 °C.

3.2 Fourier Transform Infrared Spectroscopy (FTIR)

The FTIR spectrum (Fig. 2) displayed broad absorption bands in the range 400-600 cm™ corresponding to Zn—O stretching
vibrations, confirming the formation of ZnO. Weak absorption near 3400 cm~t and 1630 cm™ correspond to O—H stretching
and bending vibrations of adsorbed moisture and residual hydroxyl groups, respectively. The absence of carbonate-related
peaks indicates successful removal of organic residues after calcination. The spectrum confirms the purity and integrity of
the metal-oxygen network in Mn—ZnO nanoparticles.
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Figure 2: FTIR spectrum of 0.02 M Mn-doped ZnO nanoparticles calcined at 500 °C.
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3.3 Raman Spectroscopy

Raman spectroscopy (Fig. 3) provides further insight into the structural order and lattice dynamics. The prominent Raman
modes associated with the wurtzite ZnO phase were observed, confirming the hexagonal structure. A slight shift and
broadening in the E2(high) mode were detected upon Mn incorporation, indicative of lattice strain and phonon confinement
effects. These changes arise due to substitutional defects and local disorder introduced by Mn2* ions, validating the
successful doping of the ZnO lattice.
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Figure 3: Raman spectrum of 0.02 M Mn-doped ZnO nanoparticles.
3.4 Electrical Properties

The electrical measurements revealed semiconducting behavior with resistivity decreasing upon Mn doping. The reduced
resistivity is attributed to the introduction of defect states and carrier concentration enhancement via Mn-induced oxygen
vacancies. The observed conductivity improvement suggests the suitability of Mn—ZnO for potential sensor and electronic
device applications.

3.5 Magnetic Properties (VSM Analysis)

The magnetic hysteresis loop obtained from VSM (Fig. 4) confirmed weak ferromagnetic behavior at room temperature.
The magnetization saturation value (M;) was found to be in the range of 0.018-0.025 emu/g, indicating successful magnetic
ion incorporation. The ferromagnetic response arises from exchange interactions between localized Mn2* spins mediated by
intrinsic defects such as oxygen vacancies. This defect-induced ferromagnetism supports the model of bound magnetic
polarons contributing to room-temperature magnetism in dilute magnetic semiconductors.
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Figure 4: Room-temperature M—H curve of 0.02 M Mn-doped ZnO nanoparticles measured by VSM.
Page | 92



International Journal of Enhanced Research in Science, Technology & Engineering
ISSN: 2319-7463, Vol. 12 Issue 12, December-2023, Impact Factor: 7.957

CONCLUSION

Mn-doped ZnO nanoparticles were successfully synthesized via a simple sol-gel method with 0.02 M Mn doping and
calcination at 500 °C. The XRD, FTIR, and Raman studies confirm the wurtzite phase and indicate Mn incorporation
without secondary phases. VSM analysis reveals weak ferromagnetism at room temperature, suggesting the coexistence of
magnetic ordering and semiconducting properties. Enhanced electrical conductivity further validates Mn-ZnO as a
promising candidate for multifunctional devices such as spintronic components, photocatalysts, and magnetic sensors.
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