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Abstract— In the last decade the metal oxide NPs are the promising applications in the research field. The lot of methods to
available in the synthesis of NPs, but co-precipitation method is very simple, low cost and environmental friendly. The
different percentage (Fe*") doped copper oxide (CuO) NPs prepared by co-precipitation method. XRD pattern confirms the
samples are crystalline in monoclinic structure identified by the JCPDS Card. No (80-0076). The doping concentration
increases the crystalline size also decreases. CuO NPs based functional groups are identified from FTIR spectra. UV-Vis
Spectroscopy the Fe doped CuO has a band gap is determined in the range of 3.57 to 3.62 eV. The Pl emission spectra revealed
a blue shift after introducing Fe into CuO structure, from these studies is better for the preparation of CuO nanoparticles. SEM-
the surface morphology of the as prepared CuO nanoparticles has identified by SEM studies the indefinite and closely packed
grain is observed. The EDAX spectra showed presence copper, Fe and oxygen atoms.
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l. INTRODUCTION

The transition metal oxides have been attracting attention due
to their physical and chemical properties of the NPs. In the
global needs the large production of Copper industry for the
last decades increasingly being used for superconducting,
semiconducting, thermo electrics, sensors, ceramics, energy
storage, antifouling paints, photoconductive and photo
thermal applications, including the automotive, ship, and
aerospace industries. Oxide-based diluted magnetic
semiconductors (DMS) are gaining more attention currently,
because of their potential for a spintronic application [1-5].
The metal oxide NPs are the good physical and chemical
properties the NPs. The transition metal Oxide NPs such as
MnO, CdO, CuO, ZnO, NiO, and TiO, for the best optical,
magnetic and electrical properties for the Nanostructures
numerous applications in the field of catalyst, sensor, fuel
cells, drug delivery, electrochemistry and medicine [6-13].
Among the metal oxides NPs, CuO is considered to be one of
the most important p-type semiconductors, Non toxic, low
cost, abundant, high electrical conductivity.

CuO is with a narrow band gap of aboutl.2-1.4eV at room
temperature .Transition metal oxides Mn, Co. Ni and Cu
reveal complicated magnetic as well as electronic structure.
Recent investigation shows that the photon property of CuO
plays an important role in room-temperature ferromagnetism
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(RTF). Also, ‘Cu’ has three oxidation states, Cu, Cu2+, and
Cu®* because of which both hole and electron doping are
possible. Cupric oxide CuQ is a strongly correlated electron
system [14-18].

The doping process is important for altering the properties of
the material. Many kinds of material doped in the CuO NPs
in previous report, but interesting to dope the transition metal
Such as (Mn, Fe, Zn, Ni, and Cd) lot of applications in the
field of Magnetic and spintronic. Many kinds of methods
available to successfully synthesize Fe doped CuO NPs such
as sol-gel, hydrothermal, Microwave irradiation, co-
precipitation [19-22]. K.L. Liu et al. A comparative study of
the magnetic properties of Fe-doped CuO nanopowders
prepared by sol-gel and co-precipitation method. In the two
methods for the comparative study both methods are equal
contributions of the magnetic behavior [23].

Il. MATERIALS AND METHODS

Preparation of Pure and Fe doped CuO NPs:

All the reagents used in this study were of analytical grade
obtained from Merck, India and were used as purchased
without further purification. Nanocrystalline powders of Fe
doped CuO with 2.5, 5, and 7.5 Fe, have been synthesized
via co-precipitation method using ZnCl, and CuCl,.2H,0 as
starting materials. The constituents, in the desired proportion,
have been dissolved in distilled water and carefully mixed.
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Ag. ammonia has been added slowly to the solution,
controlling the pH of the solution within the range 7-8. The
resulting precipitates have been collected, thoroughly washed
with distilled water, and dried in oven for 3—4 h. The samples
were then annealed in Muffle furnace at 500° C for 4 h under
normal atmospheric conditions, to improve the crystallinity
of samples.

I11.  RESULTS AND DISCUSSION

X-Ray Diffraction Studies

The characteristic X-ray diffraction patterns of undoped and
Fe-doped CuO with varying Fe content were recorded in the
range of 20 between 10° and 80° and shown in Fig. 1(a-d). In
the diffraction pattern, all the peaks are well indexed to the
monoclinic phase of copper oxide (CuO) that was confirmed
from JCPDS card No. 89 — 0076. The diffraction peaks at 20
= 32.5° 35.5° 38.9%46.2°, 48.8° 61.5° 66.5° and 68.8° are
corresponding to the crystal planes of (110), (111), (200),
(112), (202), (113), (310) and (221) respectively. No
impurities such as Fe metal, Iron oxides or the other phases
of Cu,0O and Cus0, are detected in the XRD pattern, which
indicate the purity of the prepared samples. The broad and
sharpness of the peaks in the diffraction pattern which
indicates the formation of highly crystalline single phase of
Fe doped CuO Nanoparticles. These findings indicate that
the crystal structure of the base CuO matrix is not distorted
by the substitution of Cu®* (0.73A) ions by Fe®* (0.65A) ions.

The structural parameters like micro strain, dislocation
density, stacking fault probability and texture coefficients
were evaluated along with crystallite size using the formula
as given under. This parameter can be calculated using
Scherer’s formula from Full width at half Maximum
(FWHM)

kA
D = 1)
pCosé
Where, k is a constant taken to be 0.94, A is the X-ray

wavelength, B is the full-width at half-maximum of the peak
and 0 is the reflection angle

Where the constant ‘k’ is the shape factor = 0.94, ‘A’ is
wavelength of X-rays (1.5406 ACuK,) ‘0’ is the Bragg’s
angle and ‘B’ is FWHM. Dislocations an imperfection in
crystal associated with the misregistry of lattice existing in
different parts of crystal [14].
1
8 = Dz T )

The micro strain (¢) developed in thin films can be evaluated
from the relation

[ A ﬂj L @
e = _
DCosé tan@
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The stacking fault probability (o) with peak shift A (20) is

given by warren Warekois developed in thin films can be
evaluated from the relation

2rt A(26)

o= -
45+/3 tanf

Intensity (Arb.Units)

20 (Degrees)

Fig.1. XRD patterns of Fe doped CuO NPs. Fe doping level
(a) 0% (b) 2.5%, (c) 5%, and (d) 7.5%

The crystallite size and lattice parameters are calculated
using XRD data and are presented in Table 5.1. The average
crystallite size of undoped and Fe doped CuO samples are
found to be in between the range of 23 to 36 nm. This
indicates the crystalline nature of the nanoparticles is slightly
decreased with increased Fe content and also the increased
microstrain induced the sharpness and intensity of the
predominant peaks. This indicates the doping Fe content
enhanced the strain of CuO nanoparticles in their positions.

Table — 1: Lattice parameters for Fe doped CuO NPs

Fe doing Lattice parameter (A)
Level a b c
0% 4.676 3.343 5.138
2.5% 4.697 3.358 5.151
5% 4.733 3.367 5.165
7.5% 4.790 3.379 5.189
Table — 2: Micro-structural parameters for Fe doped CuO NPs
Fe Crys_tallite Dislocz?\tion Micro strain _
doin size density Stacking fault
g () 2
Level D (8)15 x10° probability (o)
(nm) x10
0% 35.86 1.132 1.166 0.1902
2.5% 32.59 1.214 1.167 0.281
5% 29.45 1.245 1.204 0.259
7.5% 28.66 1.947 1.442 0.448

3.2 Surface Morphological and Element Analysis

Surface Morphological characteristics of the synthesized
CuO Nanoparticles samples were examined by scanning
electron microscopy technique. Fig. 2 (a) and (b), show the
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SEM images of undoped and Fe-doped CuO nanostructures.
Fig. 2(b) shows the 5 wt% of Fe doped CuO nano structures.
SEM analysis confirms the CuO NPs having uneven shape
and the grains are closely packed and there is no any
vacancies in the image. The rough and uneven surface is
evident is easy to calculate the average size of the Particles
around 10-15 nm for undoped and Fe doped CuO
respectively. It is evident the small in size particles are
highly agglomerated to formed the big grains and 5% doping
concentration of Fe, it affects the parent CuO structures.

.o -
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Fig. 2: SEM images of (a) 0% and (b) 5% Fe doped CuO NPs. Fig (c & d)
shows the EDAX spectrum
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EDAX analysis is used to find out the elemental composition
of the prepared Samples. EDAX analysis it is confirmed that
presence of copper, oxygen and Iron.

3.3 Functional group analysis

The composition and quality of the Fe doped CuO nano
particles are analyzed by FTIR. As shown in Fig.3 sows the
CuO Nanoparticles exhibit broad absorption bands between
in the range of 500 to 4000 cm™. The absorption peaks at 517
and may be associated with the characteristic stretching
mode of the Cu-O bond and the vibrational Cu-O bond is
observed at 780 cm™, the peak intensity is increased with
annealing temperature. This conform that the CuO phase is
formed in conformity with XRD data. The absorption peaks
at 1384.79 and 1646.67 cm™ is due to the presence of C-H
stretching vibration. The medium band at 1647 cm™ to H-O-
H indicates the superfluous water molecule absorbed at the
surface of the nanoparticles. The absorption band at 3443.09
cm™ has been observed to the existence of OH molecules and
2925.52 cm™ is due to C-H bond stretching.
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Fig 3: FT-IR spectra for (a) 0%, (b) 2.5%, (c) 5%, and (d) 7.5% Fe doped
CuO NPs

3.4 Optical Studies:

3.4.1 UV - Visible Studies:

The optical properties of the pure and Fe-doped CuO
nanostructures were studied by UV - Visible - IR spectra.
The spectra were recorded between 200 and 1100 nm
wavelength region at room temperature. Fig 4 shows the
absorbance spectra of Fe doped CuO NPs.

a (d) CuO:Fe nanoparticles

Absorbance (%)
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Fig 4: Absorbance spectra for (a) 0%, (b) 2.5%, (c) 5%,
and (d) 7.5% Fe doped CuO NPs

The optical gap was calculated by using Tauc relation:
(ehv) = A (hv - Eg) "

Where A is a constant, E4 is band gap represents the
absorption coefficient, is the photon energy n equals 1/2 and
2 for direct and indirect band gap respectively and by
extrapolating the curve in the photon energy axis. The band-
gap energy (Eg) values were evaluated by using Tauc’s plot
as shown in Fig. 5. An obvious blue shift of the absorption
edges can also be observed in the Fe-doped CuO system. The
direct band gap energy of pure CuO is found to be 2.38 eV
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which is in good agreement with the value reported in the
literature. The Optical band gap value is increased up to 3.46
eV for 10.0 mol% of Fe, with increasing Fe doping
concentration.
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Fig. 5: Tauc plot of (a) 0%, (b) 2.5% (c)5 % and (d) 7.5 % Fe
doped CuO NPs

3.4.21 Photoluminescence (PL) studies

The room temperature photoluminescence (PL) spectra of the
pure as well as Fe-doped CuO samples are shown Fig.6 the
peak at 488 nm (blue emission) can be attributed to the
transitions of trapped electrons from the donor levels to the
valence band [24] The green emission band was observed at
520 and 530 nm in the visible region. The intensity of this PL
band increases as the amount of the Fe content increased for
5 and 7.5 mol%. The green emission band reported at 530
nm for deep level defects of CuO. As a result of the
recombination of electrons with the holes trapped in singly
ionized oxygen vacancies. The band at 530 nm matches well
with the above reported emission band of CuO.

—2— Undoped (o0 aanoparticies

S
e

PL intensity (a.u)

1
Y
\ 18 A
m
L - "
SN
. A A
bl " yd % ""‘ i Lo L o “~ o8 - Qs “ o “- o “
Wavelength (nm) Wavelength (om)
o] 3 'l —t— Fe:CuO nanoparticles| o q e (Fe:CuO aasoparticles)
i (Fe- 7.5 mol%) (Fe- 10 mol%)
w A 5 VR S
u“ 1 '} s
[ Wl oA
g Vo SNENANE
2 4 44 \/,’ { |
N ol V)
E Ew W
= T s
1
n
- \-\\‘\M
LL}
o
"~ s - 2 L s o o -

Wavelength (am)

Fig. 6: Photoluminescence spectra of Undoped and Fe doped CuO
Nanoparticles
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IV. CONCLUSION

In summary, we have studied the effect of Synthesis and
characterization of different percentage (Fe®*) doped copper
oxide (CuO) NPs prepared by chemical method. X-ray
diffraction patterns confirmed the formation of pure CuO
monoclinic phase monoclinic phase of copper oxide (CuO)
that was confirmed from JCPDS card No. 89 — 0076 with Ni
content up to (2.5, 5, and 7.5 ) wit%, where Ni** replaces
Cu?* ions. SEM analysis having uneven shape and the
grains is closely packed and average particle size upto 10-15
nm. The absorption peaks at 517 and may be associated
with the characteristic stretching mode of the Cu-O bond.
The Optical band gap value is increases up to 3.46 eV for
7.5 % of Fe, with increasing Fe content band gap values
increases. The band at 530 nm matches well with the above
emission band of CuO NPs.
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