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ABSTRACT

The property of material changes with increase of surface atoms and especially proved contrasting behavior at the
scale of nanometer. Among other metal Oxides Manganese Oxide (MnQO,) have knee applications in the field of
liquid crystal displays, high-temperature resistant materials, corrosive resistant materials, green pigment etc. The
MnO, have advance applications in the area of MRI and alloy formations. In present work, the ZnO doped
MnO2were synthesized by the Micro-wave irradiated chemical co-precipitation advance synthesis techniques. The
ignited stuffs at 600°C/ 2hrs of various concentrations were characterized by the use of VSM, XRD, SEM, FTIR and
the ionic TEM tools. The XRD results reveals that the grain size of newly calcined nanocomposites rises with rise of
ZnO concentration 5%, 10% and 20% and may be due to larger radii of Zn®** (Zinc ion) then Manganese. The FTIR
Spectra of the ignited nano stuffs of ZnO doped MnO, containing were found at wave number position sharp
alps(peaks) inspected at 483 cm™ was due to Zn-O-Zn formation and 466cm™ *, 605 cm™ were due to Mn-O-Mn
vibration of Manganese Oxide molecules. The Perusal of TEM images exhibit that the size of all ignited ZnO doped
MnO; nanoparticulates lies in a confine of 31 nm to 42 nm and the intermediate fleck size is observed as 34 nm. The
Perusal of scanning of sample through FESEM image is exhibiting that the flecks in the formation, cluttered in style
and 2D in shape.
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INTRODUCTION

Nanoscience focuses on understanding and manipulating materials at an extremely small scale, typically between one and
one hundred nanometers. At this nanoscale, particles and materials exhibit unique properties that differ significantly from
their larger counterparts. These properties include a high surface-to-volume ratio, which enhances their reactivity and
interaction with other substances. Additionally, nanoparticles display distinct electrical and optical characteristics due to
quantum confinement and photonic band gaps. Nanoparticles, often referred to as nano-stuffs, are small particles that fall
within this nanoscale range. Their small size allows them to bridge the gap between bulk materials and individual
molecules, giving them special significance in scientific research and technological applications.

Scientists are particularly interested in nanoparticles because they offer numerous advantages across various fields. For
instance, their large surface-to-volume ratio makes them highly efficient catalysts in chemical reactions. In electronics,
their distinct electrical properties can be harnessed to create smaller, more powerful devices. The optical properties of
nanoparticles are utilized in developing advanced imaging techniques and medical diagnostics. Researchers explore these
tiny materials to develop innovative solutions in medicine, electronics, energy, and environmental science. The potential
applications of nanotechnology are vast and diverse, making it a rapidly evolving field with the promise to revolutionize
many aspects of modern life. The authors of this work attempt to explain how change in dopant concentration altered
structural and morphological features Manganese Oxide nanoparticulate with temperature.

Synthesis Techniques
The chemicals and salts used in this investigation were high purity and acquired straight from a chemical unit. At the
laboratory scale, no extra purification was performed.
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To prepare a 1M solution of Manganese Nitrate (Mn(NO3),.4H20) with a molecular weight of 251.01 g and appropriate
amount of ZnCI2.5H20 dissolve the material in 200 ml of distilled water. Slowly add ammonia (NH3) drop by drop to the
resulting translucent solution until the pH reaches 9.0. Use a magnetic stirrer to continuously mix the solution for one hour
at 25°C, ensuring it becomes homogeneous. Allow the resulting sludge to mature for at least 24 hours. After this period,
filter the precipitates to separate the solids from the liquid. Wash the solid particles with ethanol and distilled water to
remove any remaining by-products or impurities.

Remove the strained cake from the filter paper and dry it in a microwave oven set to 125° temperature for 2 sitting of 15
minutes. Next, place the dried material in a furnace and heat it at temperatures 600°C, for two hours, a process known as
calcinations. The various calcined samples of Zn/MnQO, were transform to fine powder by using an pastel and agate mortar.
Store the resulting fine powder in sealed airtight containers to keep it free from contamination. This powder is now ready
for further analysis and use in various scientific and technological applications.

CHARACTERIZATION OUTCOMES AND DISCUSSION

X-ray Diffraction Investigations

The X-ray powder diffraction (XRD) patterns of Manganese Oxide nanocrystals, which were heated at different
temperatures for 2 hours, were recorded and shown in Figure 1. The peak positions remained stable even after extended
heating. To estimate the size of the crystals, the breadth (B) of the most intense XRD peak was used in Debye-Scherrer's
equation. This method allowed researchers to calculate the crystal sizes (D). The values of B and the corresponding crystal
sizes (D) are displayed in Table 1. By using XRD data and Debye-Scherrer's equation, the size of the crystalline particles
was systematically determined.
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Figure-1. XRD graph of nanocrystalline calcined at 6000C/2hrs (a) 5%6Zn0O /MnO, (b) 10% ZnO /MnO, (b) 20%
ZnO /MnO, NCs

The major Alps(peaks) for MnO, nano-flecks with 5% dopant concentration at 6000C were reported to be at 26~ 36.50°,
33.17°, 62.55%nd varified by the ICDD file no. 00-18-0802. The Alps(peaks) with 10% dopant concentration were
outlined at 36.58°, 33.03° and 47.84°, 47.37°,62.38°.

The peaks with Zinc Oxide doped Manganese Oxide (20%) nano-sized stuff reported at 20~ 34.50°, 32.016°, 47.83°,
62.55°, etc.
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Table-1. XRD facts of ZnO nano-flecks and ZnO doped MnO, nano-sized stuff ignited at 600°C with various dopant
concentration

Spot of
Sr . . period of uttermost Measure of L
' Title of specimen L . . FWHM or(B) Grain size
No. calcinations intense Alp (in . di
degree) (in radian)
1. Zn0O(5%)/Mn0O, 2 hours 46.17 0.423 36.06 nm
2. Zn0(10%)/MnO, 2 hours 46.03 0.436 34.17 nm
3. Zn0(20%)/MnO, 2 hours 46.01 0.457 33.10 nm
4, Pure MnO, NPs 2 hours 45.87 0.35 42.56 nm

From above table it can be investigated that the crystallite size goes on decreases with rise of ZnO concentration in MnO,.

FTIR Spectrum Analysis

The FTIR electromagnetic spectrum of synthesized specimen of ZnO(5%, 10% and 20%) doped MnO, nano-sized stuff
ignited at 600°C are exhibited for a fixed time duration of 2hrs was performed using a Perkin Elmer instrument at Punjab
University located at Chandigarh. The graphical representation of the obtained data is explored in the figure-2.
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Figure-2: FTIR Spectra of nano-sized stuff ignited at 600°C for 2 hours (a) 5%2Zn0 /MnO, (b) 10% ZnO /MnO; (c)
20% ZnO /MnO, nano-sized stuff

The various peaks position of various kind of peak such as Broad band, solder, sharp, minute were observed in
spectrograph. The observed peak position was 3402cm™, 2318cm™, 2337cm™ !, 2330cm™, 837cm™, 516cm™. The peak
observed at 3402cm™,2330cm™, 1546cm™ were maybe accredited by presence of water in atmosphere. Whereas sharp
alps(peaks) inspected at 598cm™ was due to Mn-O-Mn formation and 516cm™*, 494 cm™ were due to oxide formation of
metal i.e., the Alps(peaks) 494 cm™ were attributing the Zn-O-Zn vibrations and these Alps(peaks) and therefore,
confirmed the presence of ZnO in MnQO, nano-sized stuff. The IR spectrum analysis of the synthesized Manganese Oxide
nanoparticles revealed several characteristic peaks, indicating the presence of various functional groups. At peak positions
471,483,611cm™ and 837 cm™, Mn-O-Mn and Zn-O-Zn vibrations were identified. A peak at 1300 cm™ corresponds to
Zn-0-Zn bonding. Additionally, peaks at 1546 cm™, 2330 cm™, and 3402 cm™ indicate the presence of -OH groups. These
-OH group vibrations are due to water molecules present in the atmosphere, which interact with the nanoparticles. This
detailed analysis helps in understanding the chemical structure and bonding of the synthesized Manganese Oxide
nanoparticles.
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M-H Curve data analysis
In present work the various calcined samples of Zinc(Zn) 5%,10%,20% doped Manganese Oxide nanocrystalline were

studied through VSM tool and result were compare with pure Manganese Oxide sampled calcined at 600°C for 2 hrs. The
data received from lab CEERI Pilani were represented in various graph .
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Figure:3-M-H Curve of pure MnO, and Zn (5%, 10%, 20%) doped MnO, specimen calcined at 600°C for 2hrs

The perusal of graphically representation show that the particles are more or less paramagnetic in nature with small
hysteresis loss.

Table 5.2: Magnetic parametric data of pure MnO, and Zn (5%, 10%, 20%) doped MnO, specimen calcined at

600°C for 2hrs

Sat.

Saturati field,

Sr on Coercive Remanent Double Maximum Max. field
. Sample | Magneti . . Magnetiza | Squaren | Square | Permeabilit | energy (0.95

. Field (in . 3 . 5 )

N Name zation Hc Oe) tion (10 ess ness y (in 10 loss( in Ms)
0. (10-3 emu/q) Factor emu/g/Oe) | MGsOe) | X10°
emu/q) in Hs

Oe

MnO,

1 Pure 447.886 24.97 1.518 0.003 0.035 60.947 447.886 | 54.924
2 Zn 5% 22.638 31.197 102.024 0.005 0.716 3.291 22.638 2.805
3 | Zn10% 35.725 9.946 46.649 0.001 0.158 4.717 35.725 4.399
4 | Zn20% 477.24 4.916 298.874 0.001 0.604 61.002 475.978 | 59.707

The above tabular data reflects that saturation magnetization, coercive field, maximum permeability and maximum energy
loss continuously reduce with increase of dopant concentration up to concentration level of ZnO 10% doped and thereafter
gradually increase saturation magnetization, maximum permeability and maximum energy loss and continuously decrease
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coercive field at 20%. It might be due to localized magnetization effect in the crystal because of distortion occurred at
higher concentration such as 20%.

FESEM images investigations

The scanning of sample through electron microscopy images of ZnO doped MnO, nano-sized stuff ignited at 600 °C for 2
hours were more or less similar to typical scanning of sample through electron microscopy [225]. Micrograph of ZnO
doped MnO, (10%) nano-composites ignited at 600°C for 2 hours is exhibited in Image 1

€Y (b)

Figure-4: FESEM image of 10% pure Manganese Oxide nanocrystalline calcined at temperature (a) 400°C (b)
600°C for fixed time interval of two hours.

Examination of Image exhibits that flecks are polycrystalline, cluttered in style and 2D structure in formation.

High-Resolution Transmission Electron Microscope (HRTEM)

HRTEM studies of pure Manganese Oxide nano-particulates which were ignited at 600°C ignition temperature for a fixed
time period of 2 hours were done in CIL Lab, Punjab University, Chandigarh and the recorded images were illustrated in
the figure below. TEM micro-graphs of ZnO doped MnO, nano-composites with various concentrations (5%, 10%, 20%)
ignited at 600 °C for 2 hours are exhibited. The images of HRTEM illustrate that the size of prepared pure MnO,
nanocrystalline is less than 50nm and lies in the nano-regime.

}‘

Figure-5: HRTEM images of ZnO doped MnO, (10%)nano-sized stuff ignited at 600 °C for 2 hours
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Examination of the Image exhibits that diameter of the nano-sized stuff ranging from 23.01 to 42.56 nm and intermediate
grain size estimated to be 34nm. The micrographs of TEM concluded that grain size results resemble with XRD results and
clarified that grain size rises with doping molar concentration. From the micro-graph, it was inspected that the nano-fleck
are polycrystalline kind and spherical in contour.

CONCLUSIONS

The Zinc doped Manganese Oxide nano-crystalline were successfully synthesized by microwave irradiated chemical co-
precipitation protocols and XRD results concluded that crystallite size decreases with dopant concentration and crystallite
Size of MnO, pure nanoparticulates have maximum size respectively. The FESEM and HRTEM images insure the
nanomaterial were 2-D nano-structured and thin film were in formations with different nano range sizes. The IR peaks
emphasized that pure Manganese Oxide nanocrystalline were observed with different phase of occurrences. The IR
absorption peak results verify the XRD results. The Zn020% doped MnO, nano-crystallines have superier magnetic
properties with compare to other samples and recommended by researchers for applications such as spintronic applications.
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