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Abstract

The Cu doped Mn nanoparticles were synthesized by Co - Precipitation method. The synthesized samples are characterized by X-ray

diffraction, Scanning Electron Microscope, Fourier transform infrared spectrometer, Energy-dispersive X-Ray spectroscopy and UV-V

is spectrometer. The XRD studies of the sample confirmed the formation of hexagonal structure. No impurity phase was observed in

the XRD. The crystallite size and lattice constants were analysed. The XRD patterns show that the average particle size is in the range

of 14 nm for annealed temperature at 400°C. SEM results show both the presence of agglomeration and non agglomeration of the

smaller crystallites. The EDS result exhibits the presence of Cu, Mn and O by the appearance of Mn and O peaks. This is the simple

synthesis method and they are used to optical and gas sensor applications. solar cells, photocatalysis, chemical sensors, optical filters,

surperionic materials, nanometer-scale switches, high-capacity cathode material in lithium secondary batteries, superconductor.
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ILINTRODUCTION

Pure CuO is one of the most typical p-type metal-oxide
semiconductors ! and exhibits interesting antiferromagnetic
ordering below its Néel temperature of 225 K. It has been proved
that the Mn ion is an excellent magnetic dopant.®* Recently,
doping the Mn ions into the monoclinic lattice to substitute for
a fraction of the Cu ions has been shown to make CuO possess
DMS properties.”! Since our discovery of the ferromagnetic
characteristic of bulk Mn-doped CuO synthesized through a co-
precipitation method followed by the annealing process.®

A few reports have been published on the fabrication of
Mn-doped CuO with different morphologies in different ways.
Hussain et al have synthesized Mn-doped CuO nanoparticles by
the co-precipitation method and analyzed their ferromagnetism
origin. Sharma et al have prepared Mn-doped CuO amorphous
nanoparticles by a hydrothermal method and then studied
their weak ferroelectricity and ferromagnetism properties.!”
Zhu et al have fabricated highly (111) oriented Mn-doped CuO
thin films on a thermally oxidized silicon substrate by radio-
frequency magnetron sputtering. ! Giilen et al have deposited
Mn-doped CuO thin films on glass substrates via a successive
ionic layer adsorption and reaction method and measured
their optical band gaps. ® Recently, Mn-doped CuO with the
nanowire morphology has been successfully synthesized in
our group through thermal oxidization of Mn—Cu alloys.”
CuS is an important p-type semiconductor among the metal
chalcogenides with its interesting morphology and has been
extensively used in many applications like solar cells, catalysis,
photocatalysis, chemical sensors, optical filters, surperionic

materials, nanometer-scale switches, high-capacity cathode
material in lithium secondary batteries, superconductor,
thermoelectric cooling material and ideal for solar energy
absorption, 101!

CuS nanocrystals, such as nanoparticles, nanorods and
tubular crystals have been synthesised by solid-state reactions,
irradiation, sonochemical, hydrothermal, solvothermal and
chemical vapour deposition methods. ¥/ Compared with
the synthetic methods above, solvothermal method has been
increasingly used as a low-cost, low-risk and easy-to operate
synthetic technique. The green CuS is attractive since it has
additional absorption band in near-infrared region(NIR). [*3242°]
Moreover, CuS exhibits low reflectance in the visible and
relatively high reflectance in the NIR, which makes it a prime
candidate for solar energy adsorption.* CuS has a direct band
gap of 1.2-2.0 eV 27 hence, has been extensively applied in
industry, for instance, photocatalytic degradation of organic
pollutants and biology markers.

In recent years, semiconductor photocatalysis technology,
which provides a relatively simple method for the chemical
conversion of solar energy, has received considerable attention
because of its application for water splitting and the elimination
of chemical contaminants. 222829

Dyes are major class of organic compounds, which find a
multitude of applications in human life.° Most of the synthetic
dyes are toxic, non-biodegradable and resistant to direct
degradation by sunlight and consequently, they appear as a
class of persistent pollutants. 5Y
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2. Experimental details
2.1. Materials

Copper (1) sulphate pentahydrate, Manganese () chloride
and reagents included NaOH are used for the synthesis of
MnO, nanoparticles. All chemicals, double distilled water and
reagents used were procured from Sigma-Aldrich (United
States of America) and Merck (Germany) and were of analytical
grade.

2.1.1 Manganese (ll) chloride properties

Manganese (Il) chloride is dichloride salt of manganese,
MnCl,. This inorganic chemical exists in anhydrous form, as well
as the dehydrate (MnCl,.2H,0) and tetrahydrate (MnCl,.4H,0),
with the tetrahydrate is the common form. Like many Mn (l1)
species, these salts are pink, with the paleness of the color
being characteristic of transition metal complexes with high
spin d®° configurations.

2.1.2 COPPER (II) SUPHATE PENTAHYDRATE

The copper (Il) sulfate pent hydrate is given by chemical
formula CuS04.5H,0. This form is characterized by its bright
blue colour. However, it can be noted that the anhydrous form
of this salt is a powder. The copper (ll) sulfate pent hydrate
(CuS04.5H,0) crystals have a triclinic structure. The pent
hydrate of this compound, CuSO4.5H,0 is used as a fungicide

Table 1 Manganese chloride properties.

due to its ability to kill several fungi. It is also used to test the
blood samples for diseases like anemia .It is also be used as a
decorative since it can add colour to cement, ceramics, and other
metal as well.

2.1.3 SODIUMHYDRA OXIDE PROPERTIES

Sodium hydroxide is an alkali which is also known as caustic
soda. Caustic means “burning” and Caustic soda takes its name
from the way it can burn the skin. It has the chemical formula of
NaOH. It dissolves easily in water, and makes the water warm
when this happens. Sodium hydroxide is used as a solution to
make soap. It has the dissolving properties and its ability to easily
break surface tension is fundamental fruits uses. It works in two
ways. First, it combines with grease to make soap. Secondly, it
dissolves hair (which is soluble in any basic solution).

2. 2. Sample Preparation

Copper doped manganese nanoparticles were synthesized
by using Co-precipitation method. To prepare copper doped
manganese nanoparicle 2.49gm of copper Il sulphate pent
hydrate and 25.168gm of Manganese chloride are dissolved
in 100ml of distilled water and this solution was stirred using
a magnetic stirrer and afterwards was added 50ml of NaOH
(precipitating agent) solution was added drop by drop wise into
the above solution. The above colloidal solution was stirred at

Molar mass

125.844g/mol

Appearance

Pink crystals or crystalline powder

Crystal structure

Tetra hydrate

Density 2.98g/cm?3
Melting Point 654°C(1,209°F)
Boiling point 1,225°C (2,237°F)

Solubility in water 63.4g/100ml

Solubility

Slightly soluble in pyridine, soluble in ethanol.

Table 2 Copper (ll) sulphate pentahydrate properties

Molar mass 249.685g/mol
Appearance Bright blue colour
Crystal structure Triclinic
Density 2.286g/cm’
Melting point 110°C
Boiling point 150°C
Solubility in water 148g (0°C)
Solubility Methanol
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room temperature for 2 hours under constant stirring. Finally
pink colour precipitate was formed. The formed nanoparticles
are washed several times with distilled water and then followed
by ethanol. The purpose of washing precipitate with ethanol
was to remove the unwanted salt and impurities. Then the
sample was dried at oven 123°C for 12 hours. Finally copper
doped manganese nanoparticles were obtained.

To investigate the effect of different concentrations of Cu
dopant ions on the physical, chemical, and optical properties of
Cu-doped MnO nanoparticles, the same procedures as stated
above were carried out for 0.2mol%, 1mol%, of Cu doped MnO
nanoparticles. The flow chart of the Cu doped Manganese (Il)
chloride nanoparticles synthesized by simple Co-precipitation
method is shown in Fig.1.

2.3. Sample Characterization.

X-Ray diffraction patterns (XRD) are generally used to
determine the mean size of nanoparticles by using Scherer’s
equation. The microstructure of the synthesized sample
was analyzed by XRD pattern recorded using a Bruker AXS
D8 Advance instrument with the monochromatic CuKal
wavelength of 1.5406 A with a 26 scanning range of 20°- 50°.
The FTIR spectrum confirms the formation of manganese oxide.
For Cu doped there is slight shift in spectrum. The FT-IR spectra
of the samples were recorded in order to identify the functional
groups present in the sample by using Perkin EImer Spectrum-1,
instrument resolution up to 1.0 cm™. The grain sizes estimated
from (SEM) observations were different from those done by

Table 3 Sodium hydra oxide properties

means of Scherer’s equation. This equation assumes that all the
crystallites are of the same size, but in actual specimen, the size
range and distribution affect . The morphological studies and
energy dispersive X-ray analysis of MnO, have been performed
with a JEOL 5600LV microscope at an accelerating voltage of
10 kV. The optical transmittances of manganese oxide nano
particle were studies by UV-Vis spectroscopy. The DRS spectra
of the MnO, samples are recorded on a Perkin Elmer UV-Visible
DRS Spectrophotometer in view of identifying the metallic
state of Mn. Energy-dispersive X-Ray spectroscopy (EDS) is an
analytical technique used for the elemental analysis or chemical
characterization of a sample. The fundamental principle that
each element has a unique atomic structure allowing a unique
set of peaks on its electromagnetic emission spectrum.

3. Results and Discussion
3.1. X-ray diffraction

The XRD data was investigate to know the structural change
after addition of Cu doped MnO, nanoparticles by using Co-
precipitation method. Fig.2 shows X-ray diffraction spectrum
of 0.2M and1.0M of Cu doped MnO,. This analysis identifies
the existence of main diffraction planes for 0.2M of MnO,
namely (100), (002), (101), (102), (110), (103) and (112) as the
hexagonal structure (JCPDS, No.36-1451). Dasari Ayodhya et
al the report that The products obtained from experiments
with varying concentration of XG and uncapped CuS NPs show
similar XRD patterns with a hexagonal structure. &%

The XRD patterns of the Cu doped MnO, powder shows

Molar mass

39.9971gmol™

Crystal structure

Opaque crystal

Density 2.13g/cm?
Melting point 318°C
Boiling point 1,388°C
Solubility in water 418g/L(0°C)
Appearance White, Waxy
Solubility Glycerol, Propylene, glycol.

Fig.2 X-Ray diffraction patterns of Cu doped MnO2 nanoparticles with 0.2 mol% and 1mol%
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that the presence of a new single peak at 1.0M doping level is
emerged for a (200) plane are observed. At the same time, no other
characteristic peaks from impurities are detected in the diffraction
patterns of Cu doped MnO, samples. The XRD patterns show that
Cu doping changes the growth orientation of the crystallites which
is related to the particles nucleation process. It is identified from the
peak (101) intensity from the Fig2 which increases sharply with adding
1.0M of Cu doping and decrease gradually with further increasing in
the doping concentration. It assumed that there is a presence of only
one phase because the quantity of dopent is too small as compared
to the precursors of Cu and electro negativity difference between Cu
and O is greater than that between Cu doped MnO,,.

The lattice spacing (d), angle of diffraction (20), full width at half
maximum (B) and the identified nanocrystalline 0.2M and1.0M of Cu
doped MnO, samples (hkl) plane waves. It shows that the value of
full width at half maximum (FWHM) of the 0.2M and 1.0M Cu doped
MnO, nano crystalline sample in this table is higher than 1.0M Cu
doped MnO, and pure Mn crystalline planes. Thus this increase in
FWHM confirms the reduction in crystalline size.

The lattice parameter of a and c calculated using Eq. (1) for the
nano crystalline peaks.

1 4(h2 +hk +k2)+ I’
d> 3 a’ c’ (1)
It is observed that the lattice constant value of Cu doped
MnO, nano crystalline is almost same as the JCPDS data.
The crystalline size (D) of these samples are estimated using
following Scherrer’s formula (2),

094
- pcos O )

Where D is the crystalline size, A is the wavelength of X-rays used;
B is the broadening of diffraction line measured at half its maximum
intensity and 0 is the angle of diffraction. The calculated average
crystallite sizes of 0.2M of Cu doped MnO, in 34 nm. Similarly, the
average crystalline size of 1.0M Cu doped MnO, is 29 nm for 0.2M
dopent levels are respectively. This calculated average crystalline size
reveals that there is a decrease in crystalline size at the higher doping
Cu doped MnO, concentration in Mn.

3.2. Scanning eleciron microscopy (SEM)

The surface morphology of pure Mn and Cu doped MnO,
nanoparticles were illustrated using scanning electron microscope
(SEM) images as shown in Fig.4.2(a) The change in morphologies
were observed for Cu doped MnO, nanoparticles at 0.2M and
1.0M doping concentration and it is shown in Fig. 3(a) and (b) The
significant nanostructure change in the sample is observed by adding
Cu doped MnO, nanoparticles. Agglomerated a very few rods Along
with some crystalline structure are also observed in all these Cu
doped MnO, nanoparticles samples.

3.3. Energy Dispersive Spectrum (EDS)

The Energy dispersive spectrum analysis Fig.4 is performed
to investigate the elemental composition of pure Mn and Cu doped
MnO, nanoparticles. °* The analysis confirmed the presence of Mn,
Cu and O elements in the nanostructures. Fig.4. Exhibits pure Mn
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spectrum with high intense peaks and single small peak which
are associated with O a Mn atom, respectively.

3.4 FOURIER TRANSFORM INFRARED SPECTROSCOPE

FTIR is one of the most prominent and broadly used
spectroscopic methods for analyzing the structure of unknown
component. It is used to find out the functional group internal
structure of molecule. The FTIR spectra of Cu doped Manganese
oxide Nanoparticle is shown in Fig 5(a & b).FTIR analysis is a
suitable technique to evaluate the functional groups present in
the samples subjected to analysis. Fig 5 (a&b) shows the FTIR
spectra of MnO, of different mol concentration 0.2M and 1.0M
samples. The sample shows absorption bands for 0.2M at about
1116.45 cm-"and 1194.37cm-" can be attributed to C-O bond
stretching and C-H bending vibration respectively indicating the
presence of carbon, oxygen and hydrogen are present in the
structure.

The absorption band for 1.0M at about 895.53cm-' and
1409.99cm™can be attributed to C=0 bond stretching and
C-H bending (alkenes) vibrations . whereas the absorption
band approximately 1642.63cm™ was attributed to normal
C=N stretching vibration takes place.Oxides and hydroxides
of metal nanoparticles are generally gives absorption peak
in the finger print region i.e., below wavelength of 1000nm
arising from the inter-atomic vibrations. The bands at 1116.45
and 895.53cm™ corresponds to Mn-O bond .from the above
result we can conclude that the synthesized nanoparticle is
Manganese oxide. The appearance of the diffraction patterns
to correlate the bond portions number of absorption peaks to
the crystalline structure.

3.5 UV-Visible Spectroscopy

The optical band gap is determined from UV-visible DRS of the
MnO2 nanoparticles by using the optical absorption technique
on reflectance band. The reflectance values are transformed
to combination by use the Kubelka-Munk function.k*3” The
Kubelka-Munk theory is normally used for analyze the diffuse
reflectance spectra obtained from inadequately interesting
samples. The formula can be expressed by the subsequent
relation. 3%

_(=R)’
2R 3)

Where K is the reflectance transformed according to the
Kubelka Munk and R is the reflectancy (%). The relationship

K

between (k * hug)% = f(h*83) of MnO, nanoparticles.
The optical characterization of the sample was recorded on UV-
Vis absorption spectrum. Fig 6 (a & b) shows UV Vis spectrum of
manganese oxide nanoparticles as a function of wavelength. &

Fig 6 (a & b) shows UV-Visible spectra of manganese
oxide metal nanoparticles synthesized by co-precipitation
method as a function has wavelength. “*) The UV-Visible
absorption shows sharp absorption at 336.31nm and 339.11nm
due to manganese oxide metal nanoparticles. 1*>**

CONCLUSION

The Mn and Cu doped MnO, nanoparticles were prepared by
Co — precipitation method. The change in structural properties
due to the presence of Cu doped MnO, was identified from the
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peak (101). SEM analysis confirmed that the doping with Cu
modified the morphology of nanoparticles. The calculated
average crystallite sizes of 0.2M of Cu doped MnO, in 34
nm. Similarly, the average crystalline size of 1.0M Cu doped
MnO, is 29 nm for 0.2M dopent levels are respectively. This
calculated average crystalline size reveals that there is a
decrease in crystalline size at the higher doping Cu doped
MnO, concentration in Mn. The FTIR spectrum confirms
the formation of manganese (ll) chloride .Metal oxygen
bond metal vibration are found around. For Cu doped
there is a slight shift in spectrum around 1090.75 cm™. The
optical transmittance of Manganese oxide nanoparticles
were studied by UV-Visible spectroscopy. Furthermore,
Cu doped MnO, nanoparticles have the crystallite size in

29 Nanoscale Reports 4(1) (2021) 25-34

Similarly, the average crystalline size of 1.0M Cu doped
MnQO, is 29 nm for 0.2M dopent levels are respectively. This
calculated average crystalline size reveals that there is a
decrease in crystalline size at the higher doping Cu doped
MnO, concentration in Mn. The FTIR spectrum confirms the
formation of manganese (ll) chloride .Metal oxygen bond metal
vibration are found around. For Cu doped there is a slight shift
in spectrum around 1090.75 cm™'. The optical transmittance
of Manganese oxide nanoparticles were studied by UV-Visible
spectroscopy. Furthermore, Cu doped MnO, nanoparticles have
the crystallite size in the range ~24-38 nm, as confirmed by SEM.
This synthesis method is simple and cost effective approach to
produce Cu doped MnQ, nanoparticles it has used for gas sensor
applications.



V. Sabari et.al (2021)

30

Fig3(b) SEM images of Cu doped MnO2 nanoparticles at 1.0M
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Fig.4 EDS spectrum of Cu doped MnO2 nanoparticles at 0.2M and 1.0M

Fig 5 (a) FTIR spectrum of manganese oxide at 0.2M
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