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The focus of this study are the spectral properties of undoped and zinc oxide
(ZnO) doped cadmium oxide iron phosphate (CdO-FePO,) nanocomposites
synthesized through a sol-gel approach. Doping of ZnO into the CdO-FePO,
matrix is confirmed through various spectroscopic techniques at room tem-
perature for 0.3 mol.%, 0.6 mol.%, and 0.9 mol.% of ZnO concentration. X-ray
diffraction (XRD) pattern indicates that prepared CdO-FePO, nanocompos-
ites doped with ZnO correspond to the cubic crystalline nature of CdO,
hexagonal amorphous nature of FePO, and tend to form nanometer size of
about 21 nm. The morphological analysis of the produced nanocomposites is
done via scanning electron microscopy and transmission electron microscopy
(TEM) images. The particle sizes found from TEM images are in the
nanometer regime and are in good agreement with the results obtained from
XRD. The functional groups corresponding to CdO bands and PO, groups are
observed for the prepared samples from Fourier transform infrared (FT-IR)
and Raman spectra. The optical bandgaps of CdO-FePO, nanocomposites
doped with ZnO are deduced by diffused reflectance measurements. The
photoluminescence spectrum exhibits bands in the visible range signifying the
quantum confinement-induced photoluminescence, and the resultant CIE
coordinates and CCT values are explored in search of their applicability in

home appliances.
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INTRODUCTION

One of the essential goals of materials research is
to expand ways of attaining materials with distinct
applications based on their peculiar properties.’
Nanomaterials have revealed intense interest dur-
ing recent years due to their remarkable chemical
and physical properties that differ considerably
from the bulk form of the same materials. Further-
more, nanoscale semiconductors permit greater
absorption of photons, thereby improving the sys-
tem efficiency and resulting in novel developments
in various fields of nanotechnology.? In the current
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work, the significance, synthesis, and characteriza-
tion of semiconducting CdO-FePO,4 nanocomposites
with ZnO for advanced technological applications
are discussed. Cadmium Oxide (CdO) in nanocrys-
talline form is an important n-type metal oxide
semiconductor with a direct and indirect bandgap of
2.2-2.7eV and 1.36-1.98 eV, respectively.” The
bandgap value also depends on the preparation
conditions. CdO nanomaterials and metal-doped
CdO nanomaterials have a broad range of optoelec-
tronic applications such as flat panel displays,
optical communications, photo-diodes, photo-tran-
sistors, smart windows, solar-cells, transparent
electrodes, and transparent conducting oxide
(TCO). CdO is also used in different types of
applications such as IR heat mirrors, gas sensors,
low-emissive windows, and thin-film resistors.>*
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Particularly, CdO shows potential applications in
solar cells owing to its high optical transmittance in
the visible range of solar spectrum and high elec-
trical conductivity.* In recent times, metal-based
nanostructured materials in an oxide matrix are
broadly analyzed for diverse applications on account
of their novel physiochemical properties. Moreover,
the ferrites substituted in cadmium act as n-type
semiconductors, and the increase of cadmium con-
tent results in a gradual decrease of the Seebeck
coefficient. Typically, cadmium-iron (Cd-Fe)-based
complex oxides exhibit selectively high sensitivity to
ethanol gas over hydrogen, isobutene, and carbon
monoxide.”® Also, metal phosphates are of immense
interest in catalytic applications because of their
desirable properties such as acid stability, catalytic
activity, high proton conductivity, and open frame-
work structures.” Among various phosphate-based
materials, iron phosphate (FePO,) is a white,
weakly soluble Fe compound of slight nutritional
value caused by its low bioavailability.® In general,
FePO4 may be considered a charge-transfer insula-
tor with a wide bandgap energy of ~ 4 eV.%!°
Although FePO,4 has low electrical conductivity, en-
hancing the properties of stability, cost-effective-
ness and low-toxicity attempts are made to advance
the performance as cathode material for recharge-
able batteries.!! Further, it is also essential to
prepare and examine the nanostructured electrodes
for their prospective use in fuel cells, since their
performance depends not only on the characteristics
of the phosphate matrix but also on the composite
nanostructures of metal nanophase. Also, there
have been many research attempts to design hybrid
nanostructures of FePO, upon substitution of sup-
porting matrices or by coating conductive materials
such as metal oxides, metals, and polymers using
diverse synthetic routes to improve the conductivity
of FePO,.'>!3 In this study, we have synthesized
CdO-FePO,4 nanocomposite for its possible use in
various potential applications (viz., as cathode
material in rechargeable batteries, photo-catalysis).
The applications of synthesized nanocomposites can
be improved via a process of doping with diverse
metallic ions.*

In general, transition metal oxides are used to
dope the nanocomposites because their outermost d-
orbitals are incompletely filled and can easily
receive or donate electrons. Aydin* studied the
structural and optical properties of Fe-doped CdO
nanopowders prepared by the sol-gel approach.
Until now, this type of work has not been done,
i.e., on the synthesis of CdO-FePO, nanocomposites
doped with zinc oxide (ZnO) by sol-gel method. In
this study, ZnO doped CdO-FePO4 nanocomposites
are reported and the doping effects are investigated.
ZnO is an n-type semiconducting material exhibit-
ing piezoelectric or pyroelectric properties and
hence can be used in many devices and electro-
chemical applications.? Nanostructured ZnO is
broadly used as an ideal material in both low-level

and high-level thermo-optical-electronic device cir-
cuits that can be operated reasonably in rigid
environments.'* ZnO-based energy systems have
received much interest in research and development
since the beginning of the nineteenth century.
Advantages related to zinc-based systems are low-
cost, low-toxicity, and highly stable.’® Also, ZnO-
based batteries maintains a huge production to
meet the increasing demand for electric propul-
sion.® Hence, considering the unique optoelectronic
properties and diverse applications of ZnO, it is
interesting to study the influence of ZnO doping on
the CdO-FePO,4 nanocomposite.

The synthesis technique has a considerable
impact on the properties of nanocomposites, and
these properties have a significant impact on the
applications of nanocomposites. The control size and
morphology of the nanocomposites can also be
achieved by choosing a suitable synthetic route. In
general, the citric acid gel method, combustion
synthesis, co-precipitation, hydrothermal method,
sol-gel, and solid-state reaction have been devel-
oped to synthesize the nanocomposite materials.'”
Among these different synthetic routes, sol-gel is a
sensible synthetic approach to attain high-quality
nanopowders for various technological applica-
tions.* Thus, CdO-FePO, nanocomposites doped
with ZnO are synthesized by means of the sol-gel
process and the structural, optical, and magnetic
properties are investigated in the present work.

EXPERIMENTAL
Synthesis of Nanocomposites

Cadmium oxide (CdO), iron phosphate (FePO,),
and zinc oxide (ZnO) of high purity, i.e., 99.9%
analar grade, are used as the starting materials for
the synthesis of the undoped and ZnO doped CdO-
FePO,4 nanocomposites via sol-gel route. According
to the desired stoichiometry, the chemicals were
weighed and dissolved in deionized 240 ml of water
and ethanol in a beaker. The resulting solution was
stirred constantly using a magnetic stirrer at room
temperature, and then an equal molar measure of
sodium hydroxide (NaOH) solution in a deionized
water-ethanol matrix was added dropwise to the
mixture under constant stirring for 8 h touching the
walls of the beaker until an aqueous solution was
attained. The formation of the CdO-FePO,
nanocomposite was evidenced by the formation of
a yellowish-brown colloid. To eliminate impurities,
the solution was washed numerous times with
deionized water and the collection of precipitates
is done via centrifugation process. Further, the
annealing chamber operating at ambient pressure is
used to dry the collected precipitates at 200°C for
2 h. Thus, the CdO-FePO4 nanocomposites doped
with ZnO (0.3 mol.%, 0.6 mol.%, and 0.9 mol.%) are
prepared.
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Characterization Techniques

Various characterization techniques were
employed to examine CdO-FePO, nanocomposites
doped with ZnO. Crystallinity of the prepared
samples in 10°-80° (26) scanning range were mea-
sured by an x-ray diffractometer (Philips: PW1830)
with a wavelength of CuKu radiation (1.5406 A) at 2
°/min scanning rate upon maintaining the current
and operating voltage at 30 mA and 40 kV, respec-
tively. The morphology and energy dispersive x-ray
diffraction spectroscopy (EDAX) were acquired from
an S-3400: Scanning electron microscope, with an
accelerating voltage of 10 kV. TEM images of the
nanocomposites were obtained from a Hitachi
HT7700 microscope operated at 100 kV. A Fourier
transform infrared spectrometer (Perkin Elmer
Spectruml: FT-IR Spectrometer) was wused to
acquire FT-IR spectra of KBr mixed synthesized
nanocomposites in the scanning range 4000-—
450 cm™". Raman spectra of the prepared nanocom-
posites were recorded by the FT-Raman spectrom-
eter (BRUKER RFS 27) in the 4500-50 cm '
spectral range. A UV-Vis-NIR spectrophotometer
(Perkin Elmer Lambda 950) was used to obtain UV-
Vis spectra of prepared samples mixed with Nujol
(liquid paraffin) within the wavelength range of
200-1200 nm. A Lambda 900 UV/VIS/NIR spec-
trophotometer with an attached integrating sphere
was used to record the diffused reflectance spectra
of the synthesized samples within the wavelength
region of 200-2500 nm. A PERKIN ELMER LS-55
with a xenon lamp excited at 350 nm as a source
was used to record the PL spectrum. A JEOL JES-
FA200 instrument, operating with X-band fre-
quency (8.75-9.65 GHz), 7 x 10° spins/0.1 mT
sensitivity, and a resolution of 2.35 uT or better was
used to record the room-temperature electron para-
magnetic resonance (EPR) spectra.

RESULTS AND DISCUSSION
Powder XRD Study

The XRD patterns of undoped and CdO-FePO,
nanocomposites doped with ZnO are presented in
Fig. 1. XRD analyses confirm the existence of
nanocrystalline CdO and amorphous FePO, in the
CdO-FePO, nanocomposites.”'®? All the sharp
diffraction intensities correspond to the cubic phase
of CdO. Diffraction patterns corresponding to the
hexagonal phase of FePO, are not noted showing
that FePO, is most likely to be amorphous at the
preferred annealing temperature (200°C).2° No
more impurity diffraction peaks are detected. The
strong diffraction peaks attained in all the produced
nanocomposites at 26 values ~ 33.01°, 38.38°
55.34°, 65.93° and 69.38° related to the lattice
planes (111), (200), (220), (311), (222), respectively,
confirm that the prepared nanocomposites corre-
spond to the crystallographic phase of the cubic
structure of CdO and match with the standard
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Fig 1. XRD pattern of CdO-FePO, nanocomposites doped with
ZnO.

JCPDS No: 05-0640. The prominent diffraction
peak is the (111) plane related preferred orienta-
tion. It is also noteworthy that the foremost diffrac-
tion peaks become sharper and stronger by
increasing the dopant ion concentration, indicating
improved crystallinity of the CdO-FePO, nanocom-
posites. The lattice cell parameters corresponding to
undoped and CdO-FePO, nanocomposites doped
with ZnO show a slight difference in their values,
although the structures are identical indicating the
substitution of ZnO ions in the CdO-FePO, lattice
site. The evaluated values of cell parameters of the
lattice with corresponding unit cell volume and
symmetry axes for undoped and CdO-FePO,
nanocomposites doped with ZnO are given in
Table 1.

The average crystallite size (D) of as-synthesized
CdO-FePO,4 nanocomposites doped with ZnO are
calculated from Debye-Scherrer’s relation,?!

0.891
~ fcos0 (1)

The lattice strain (¢) induced in the nanocompos-
ites is also considered from the Stokes-Wilson
relation,??

B
8_4tan0 2)

where /1 is the incident x-ray wavelength (1.5406 A),
f is high-intensity diffraction peak full width at half
maximum (FWHM) in radians and 0 is Bragg’s
diffraction angle.

The dislocation density () is approximated from
the crystallite size (D) value®® using the Williamson-
Smallman equation,

é=1/D? (3)
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The resultant values of D, ¢, and ¢ for undoped
and CdO-FePO4 nanocomposites doped with ZnO
are deliberate in Table II. The substitution of zinc
ions in the CdO-FePO, lattice site is shown by the
slight difference in lattice cell parameters as in
Table I. From Table II, it is seen that lattice strain
decreases as the crystallite size increases. Also,
dislocation density depends purely on the D value of
the as-synthesized samples. From Table II it is
found that the sample with 0.9 mol.% of ZnO has
the lowest value of 20.22 nm signifying that it has a
larger surface area compared with other samples.

Morphological Studies (SEM with EDAX
and TEM)

SEM is a vital technique to study the morphology,
topography, composition, and distribution of parti-
cles in the sample. Figure 2 demonstrates the SEM
images of undoped and CdO-FePO4 nanocomposites
doped with ZnO. The SEM images of the prepared
sample exhibit spherical like agglomerations with
some rod-like structures for undoped CdO-FePO,
nanocomposite. It is been observed that by increas-
ing the ZnO concentration (i.e., 0.3, 0.6 mol.%) the
spherical agglomerations form a network with rod-
like structures. Further, the increase in the concen-
tration of ZnO (i.e., 0.9 mol.%) leads to an increase
of rod-like structures forming a network with few
spherical agglomerations. This indicates that the
doping of ZnO has a strong influence on the
morphology of CdO-FePO, nanocomposites.

The elemental compositions of the prepared
nanocomposites are further studied by the EDAX
spectrum. The EDAX spectra of undoped and CdO—
FePO,4 nanocomposites doped with ZnO are pre-
sented in Fig. 3. The spectra indicate the presence
of Cd, Fe, P, O, and Zn species in the nanocompos-
ites and the elemental composition of undoped and
0.3 mol.%, 0.6 mol.%, 0.9 mol.% of ZnO doped CdO—
FePO4 nanocomposites indexed in the table in Fig. 3
which is in good agreement to the chosen stoichio-
metric ratio. It has also been noticed from the
compositional analysis that upon an increase of ZnO
doping concentration from 0.3-0.9 mol.% the Zn
content increases, indicating the substitution of Zn
ions with other ions of the host lattice. Thus, it is
clear that doping of ZnO has a strong influence on
the host lattice structure. Also, from EDAX spectra,
it is clear that our host lattice contains mostly light
and intermediate elements (since only the K and L
series of x-rays are emitted).

The TEM micrographs shown in Fig. 4 demon-
strate the shapes of CdO-FePO, nanocomposites
doped with ZnO. They formed spherical agglomer-
ates and rods of various diameters. Interestingly,
there is an immense variation in morphology with
an increase in ZnO concentration in accordance
with the results obtained from SEM. The particle
size distributions relating to the measured diame-
ters of spheres and measured widths of rods from
TEM micrographs for all synthesized nanocompos-
ites are presented in Figs. 5 and 6, respectively.
From the comparative analysis of Figs. 5 and 6 it
has been noted that although the size of the particle

Table I. Lattice cell parameters, unit cell volume and axes of symmetry for CdO-FePO, nanocomposites

doped with ZnO

CdO

Lattice cell parameters A)

Sample Code A=b=c Unit cell volume V (A)3 Axes of symmetry a = =7y
Zo 4.691 103.210 90°
74 4.692 103.354 90°
Zso 4.690 103.210 90°
Zs3 4.692 103.344 90°

Table II. Average crystallite size, strain and dislocation density for CdO-FePO4 nanocomposites doped with

ZnO

Sample Position FWHM  Crystallite size (d) Lattice strain [(¢) X Dislocation density () (li-
Code (20) ® (nm) 1074 nes/m?)

Zo 33.02 0.4019 20.39 59.13 2.40 x 10'®

A 32.97 0.3798 21.57 55.98 2.14 x 10'®

Zs 33.01 0.3977 20.60 58.53 2.35 x 10'®

Zs 33.13 0.4055 20.22 59.45 2.44 x 105
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Fig 2. SEM images of CdO—FePO, nanocomposites doped with ZnO.
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is not uniform, most of the spherical agglomerates
have dimensions between 15 and 30 nm and most of
the rods have dimensions between 10 and 20 nm.
In addition, the particle size of both spherical
agglomerates and rods structures for CdO-FePO,
nanocomposites doped with ZnO given in Table III
are evaluated from the solid line represented in all
particle size distribution graphs which correspond
to the log-normal distribution fit. The particle sizes
of spherical agglomerates and rods varied between
21.04 and 24.70 and 11.62—-14.66 respectively which
are consistent with the crystallite sizes evaluated
from XRD and also there is an influence of the
increase in ZnO concentration on the particle sizes.

FT-IR Spectroscopy

FT-IR spectra of CdO-FePO, nanocomposites
doped with ZnO recorded in the middle infrared
(IR) range of 4000 to 400 ecm ! are shown in Fig. 7,
which confirms the synchronization environments

of CdO, FePOy,, and ZnO groups. The characteristic
CdO metallic bonding appears at 470 cm ! as a
weak band.?* The band at 634 cm ! refers to the
symmetric stretching mode of P-O. The band
appearing at 1062 cm ' is due to intramolecular
anti-symmetric stretching vibrations of the PO}
group.>?® The two higher wavenumber bands
1431 cm™! and 2925 cm™! are attributed to the
bending vibrational mode of CHy molecules and CH
aliphatic stretching respectively.?® The bands at
1631 cm ! and 3424 cm ™! are ascribed to bending
and stretching vibrational modes of hydroxyl
groups.? The band locations shift to smaller
wavenumbers to a small extent with increasing
ZnO content. The consequent frequencies of differ-
ent peak positions in IR spectra of CdO-FePO,
nanocomposites doped with ZnO are specified in
Table IV. It is evident from Table IV that there is a
redshift (i.e., the spectral lines move to longer
wavelengths) by increasing the dopant ion concen-
tration. This redshift could be due to the CdO-
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Element | Weight % | Atomic %

OK 39.14 66.77
PK 17.83 15.711
FeK 28.77 14.06
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Fig 3. EDAX spectra of CdO-FePO, nanocomposites doped with ZnO.

FePO,4 nanostructure change, morphology, and sur-
face microstructure. The presence of impurities
relating to the C-H group may have originated
from the starting precursor. This can be avoided by
further annealing or improving the cleaning pro-
cess.?” The influence of environmental factors, i.e.,
temperature and concentration cause the positional
fluctuation of peaks of IR spectra. The peak position
change may be caused by the actual frequency shift
of a single absorption band or alternatively by the
relative intensity changes of overlapped bands or
changes in bond length. The literature proposes
that the shift in the peak of FT-IR spectra results
from the changes in the strength of hydrogen bonds.
Further, the frequency shift of —OH stretching
under temperature or concentration change may
be attributed to the gradual weakening of such
interactions and thus results in the frequency of the
band shift.?5-3°

Raman Spectroscopic Studies

Figure 8 depicts the Raman spectra of CdO-
FePO,4 nanocomposites doped with ZnO. The Raman
peak observed at 3177 cm ! is due to O-H stretch-
ing vibrations.?>*? The peak at 2125 cm ' may be
ascribed to the bending of the O—H...O bond.?? The
peaks at 1967, 1782 and 1602 cm ! are most likely
due to C=0 stretching and C-C stretching, respec-
tively.?® For both IR and Raman spectra, the
bending vibrations for CHy; and CHj groups are
observed in the spectral region between 1450 and
1300 cm . Here the peak at 1474 cm ™! in Raman

spectra and 1431 cm ™! in IR spectra is certainly due
to the bending mode of CHs molecules, while the
peak at 1389 cm ! is most likely due to the bending
of the anti-symmetric mode of CHs molecules.?® The
peak at 1050 cm ! is ascribed to the anti-symmetric
stretching vibrations of the PO, group.®? Sharp and
broadband peak is detected at 267 cm ™' which is
spanned from 150-500 cm!. The other two weak
peaks are also detected at 797 cm ™! and 900 cm 1.
In addition to these, another shoulder peak at
341 cm ™! of the major peak of 267 cm~'. All four
peaks occur due to the stress induced by nanostruc-
ture surface effects and are assigned to transverse
and longitudinal optical modes (i.e., TO and LO) of
cubic phase CdO nanostructures.®*>° It is also
observed that by increasing the dopant concentra-
tion the intensity of some Raman bands decreases
and some bands disappear. The tentative assign-
ments of Raman bands in the spectral region of 50—
4000 cm ! are given in Table V.

Optical Absorption Spectroscopy

The analysis of optical absorption spectra offers a
very useful model to investigate optically induced
electronic transitions.*® The optical absorption spec-
tra of CdO-FePO4 nanocomposites doped with ZnO
recorded in the wavelength region of 200-1200 nm
at room temperature is shown in Fig. 9. The
absorption bands corresponding to the undoped
sample are not attained. The absorption behavior
of ZnO dominated on the valence band to conduction
band transition. ZnO has a good light absorption
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Fig 4. TEM images of CdO-FePO, nanocomposites doped with ZnO.
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nature in the wavelength range of 220-350 nm.3”

The single broadband absorption is obtained for
synthesized CdO-FePO, nanocomposites doped
with ZnO, i.e., around 345 nm.>®

Diffused Reflectance Spectroscopy

The optical absorption technique on diffused
reflectance is used to obtain the accurate value of
the optical bandgap of CdO-FePO4 nanocomposites
doped with ZnO. The diffused reflectance spectra of
CdO-FePO,4 nanocomposites doped with ZnO are
shown in the inset of Fig. 10. Kubelka-Munk func-
tion is applied in order to convert the reflectance
values to absorbance. In general, Kubelka-Munk’s

theory is applied for analyses of the diffuse
reflectance spectra of weakly absorbing samggles.
Kubelka-Munk (K-M) relation is expressed as®> 2

= )

where R is the diffused reflectance, F(R) is K-M
function related to absorbance, the relation trans-
forming F(R) value to the linear absorption coeffi-
cient is as follows®?#%43

F(R) Absorbance
¢ ¢

o=

(5)
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Fig 5. Particle size distribution of spherical agglomerations (nm) in CdO—FePO, nanocomposites doped with ZnO.

The equation relating absorption coefficient (o)
and bandgap (E,) is

(ah) =A(h — Eg)n (6)
This equation can be rewritten as
(uh) = F(R)h = A(h — Ey)" (7)

where hAv is the incident photon energy, A is
transition probability reliant constant, n depends on
transition type (i.e., 2 for indirect and 1/2 for direct
allowed transitions). The plot of (F(R)hv)? versus
photon energy is shown in Fig. 10. The optical
bandgap values for CdO-FePO, nanocomposites
doped with ZnO are obtained by extrapolating to
the linear segments of these plots to the x-axis
(photon energy). The bandgap values E, obtained
for CdO-FePO, nanocomposites doped with ZnO
are given in Table VI. It is apparent that the optical
bandgaps of the prepared nanocomposites are
decreased for high dopant concentrations. The
decrease of optical bandgap could be caused by the
existence of intrinsic crystal defects and quantum
confinement effects.** The optical bandgaps of the

studied CdO-FePO, nanocomposites doped with
ZnO are close to the results published on Fe-doped
CdO nanopowders.* There is no existing data so far
about the diffused reflectance calculations for
bandgaps of CdO-FePO, nanocomposites doped
with ZnO. Thus, from the obtained results of optical
bandgaps, it may be considered that the as-synthe-
sized CdO-FePO4 nanocomposites doped with ZnO
are promising semiconducting materials.

PL Studies

The PL spectra of CdO-FePO, nanocomposites
doped with ZnO excited at a wavelength of 350 nm
are shown in Fig. 11. PL intensity in the visible
range can be directly related to the defect density
within a nanomaterial. For CdO-FePO, nanocom-
posites doped with ZnO five emission peaks appear
at 382 nm, 390 nm, 402 nm, 430 nm, 455 nm. No
significant transformation in the intensity of the
peaks is observed upon increasing dopant ion
concentration. The small peak near 455 nm can be
attributed to the intrinsic defects viz., interstitial
defects particularly. In the case of CdO based
nanocomposites, the occurrence of PL spectra in
the visible range is ascribed to structural defects
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Fig 6. Particle size distribution of rods (nm) in CdO-FePO,4 nanocomposites doped with ZnO.

Table III. Average particle size of spherical agglomerations and rods (nm) obtained from TEM images of

CdO-FePO4 nanocomposites doped with ZnO

Sample code

Average particle size of spherical agglomerations (nm)

Average particle size of rods (nm)

Zo 21.04
Z 20.97
Zo 25.00
Zs 24.70

14.66
13.90
12.29
11.625

(vacancies and surface traps).’ The existence of
Fe®* ions in the lattice site can lead to the distinct
excitonic emissions in the 355-430 nm range.*®
Hence, the high intensity and low intensity peaks
at 430 nm and 390 nm, respectively, are ascribed to
the Fe?* ion. The violet emission is due to the peak
at 402 nm. The peak at 382 nm could be ascribed to
near band edge emission.*® The sharp and high
intensity near band edge is observed when the
oxygen vacancy concentration in the prepared
nanocomposites is reduced.*” The sharp emission
near the band edge in the present study confirms
that the prepared samples exhibit fine optical
properties having few structural defects. No

significant transformation in the intensity of the
peaks and shift in peak position is observed upon
increasing dopant ion concentration. The slight shift
of spectral lines might indicate the occurrence of
quantum-confined electronic behavior.
Furthermore CIE (Commission Internationale de
IEclairage) 1931 Chromaticity coordinates are also
considered from the emission spectrum for under-
standing luminescent properties of the as-synthe-
sized nanocomposites. The two-color coordinates x
and y present a point in the chromaticity diagram
that illustrates the colors of the CIE system. This
system offers more accuracy in color measurement
since the parameters depend on the spectral power
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distribution (SPD) of the light emitted from a
colored object. The color coordinates of CdO-FePO,
nanocomposites doped with ZnO are located in the
CIE chromaticity diagram are shown in Fig. 12.
From this figure, it can be observed that the colors
of the prepared nanocomposites are located in the
blue region and the successive CIE coordinates are x
=0.165, y = 0.072 for undoped and x = 0.163, 0.165
and 0.161y =0.079, 0.078 and 0.075 for CdO-FePO,
nanocomposites doped with ZnO (0.3, 0.6,
0.9 mol.%), respectively. The quality of emitted
light is estimated by calculating the CCT (color
correlated temperature) values using Mc Camy’s
approximation™® given by

CCT = —437n® + 3601n%—6861n + 5517  (8)

where n= ¥=% is the inverse slope line. Here x, and

v.=0.332 and 0.1858, respectively. The calculated
values of CIE chromaticity coordinates and CCT of
CdO-FePO,4 nanocomposites doped with ZnO from
their corresponding emission spectra are incorpo-
rated in Fig. 12. The evaluated CCT values are

found to vary from 1822 K to 1945 K. The CCT <
5000 K thus indicates warm white light utilized for
home appliances.*®%°

EPR Studies

To understand precisely the presence of param-
agnetic defects in synthesized CdO-FePO,
nanocomposites doped with ZnO, the EPR studies
are carried out at room temperature. The compar-
isons among the EPR responses of synthesized
nanocomposites for different concentrations of ZnO
are conducted. The first-order differential EPR
spectra of the CdO-FePO, nanocomposites doped
with ZnO are presented in Fig. 13. The EPR signal
is thus an indication of magnetic clustering. In
general, a signal characteristic of a gyromagnetic
factor g = 2 is expected for uncorrelated magnetic
clusters. At the frequency operated in the works,
such a signal is centered at H = 330 mT. The signal
detected in the present work of CdO-FePO,
nanocomposites doped with ZnO is previously
detected in other LiFePO, samples containing

Transmittance (% T)

T T T T T T T
3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Fig 7. FT-IR spectra of CdO-FePO, nanocomposites doped with
ZnO.

Raman Intensity (a.u)

T T T T T T T
3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Fig 8. Raman spectra of CdO-FePO, nanocomposites doped with

ZnO.

Table IV. Assignment of various peak positions and their corresponding frequencies in IR spectra of CdO-

FePO,4 nanocomposites doped with ZnO

Wavenumber (cm™?)

Zo 7 Zo

3424 3416 3410
- 2925 2922
1631 1628 1626
1431 1431 1429
1062 1060 1058
634 632 628
470 468 464

Zs Assignment

3400 —OH stretching

2920 —CH stretching

1626 —OH bending

1429 —CH; bending

1058 Anti-symmetric stretching of PO,*
628 Symmetric P-O stretching

462 Metallic bonding of CdO
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Table V. Assignment of various peak positions and their corresponding frequencies in Raman spectra of

CdO-FePO4 nanocomposites doped with ZnO

Raman Shift (cm™?)

Zo Z, Z, Zs Assignments
3177 3126 3126 3112 —OH stretching
2126 2109 2128 2132 O-H...O bond
1967 1911 - - C=0 stretching
1782 1794
1602 1600 - - C—C stretching
1474 1404 1471 - CH,; bending
1389 - 1398 - CHj; bending
1052 1050 1050 1050 Anti-symmetric stretching of POy group
900 903 906 - Metallic bonding of CdO
797 - - -
341 338 341 -
267 261 263 260

343 '/

Absorbance (a.u)

I I I I
345 350 355 360
Wavelength (nm)

Fig 9. Optical absorption spectra of CdO-FePO, nanocomposites
doped with ZnO.

ferrimagnetic particles®™®? and is of comparable

shape. The structure at 330 mT has the same width.
The signal may occur not only due to ferrimagnetic
clusters but also due to some defects, like an
unpaired electron spin related to an oxygen vacancy
or a defect due to Fe®* ion. This type of defect is
most susceptible to its local neighborhood that may
describe the large broadening of the EPR line.

CONCLUSION

CdO-FePO, nanocomposites doped with ZnO
have been successfully produced by a sol-gel
approach at room temperature. The XRD analysis
reveals that the prepared nanocomposites belong to
a cubic system (CdO) and hexagonal system
(FePO4). SEM analysis showed a morphological

-~
> |
2
N§ ' ' ' .
= Waclength Gy - Z0
~~
3 — 7
=
Z2
Z3
I T T
1 2 3
hv (eV)

Fig 10. Plotting of (F(R)hv)? as a function of the hv for CdO-FePQ,
nanocomposites doped with ZnO. The inset is the diffused
reflectance spectra of CdO-FePO, nanocomposites doped with
ZnO.

Table VI. Energy bandgap values of CdO-FePO,
nanocomposites doped with ZnO

Sample code Energy bandgap value (Eg) eV

Zo 1.96
Zy 1.88
Zy 1.82
Zs 1.75

transformation on increasing dopant concentration
from spherical-like agglomerations to multi-nanor-
ods forming networks with spherical agglomera-
tions of ZnO doped CdO-FePO, nanostructures.
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Fig 11. PL spectra of CdO-FePO, nanocomposites doped with
Zn0.

CIEy 520
0.8 T y =
- Zo - x=0.165,y=0.072, CCT=1822 K
N
Z1 - x=0.163,y=0.079, CCT=1945 K
72 - x=0.165,y=0.078, CCT=1905 K
o
Z3 - x=0.161.v=0.075. CCT=1898 K
0.6 +— 7
,570
500~
.
<
0.4
0.2
0.0
CIE x
T
0.0 0.2 0.4 0.6 0.8

Fig 12. CIE chromaticity diagram of CdO-FePO, nanocomposites
doped with ZnO.

The band positions in FT-IR spectra signify the
existence of phosphate (PO3) groups in the pre-
pared nanocomposites. The Raman bands in the
recorded Raman spectra of the synthesized
nanocomposites show a slight variation in frequen-
cies. Optical absorption spectra show the character-
istic band of Zn?* ions in octahedral site symmetry.
From the diffused reflection spectra, optical band-
gap energies are evaluated. PL spectrum shows the
enhanced blue emission of CdO-FePO,4 nanocom-
posites doped with ZnO. EPR spectra indicate the
presence of ferrimagnetic clusters in the synthe-
sized nanocomposites. It is evaluated that the
obtained nanocomposites can be worn for advanced
technological applications.

—7Z
E\ 0
) —Z
=
—,
5 — %
2
<
)
=)
L
Z
=
=
3
=
2
B
| | |
0 200 400 600 800

Magnetic Field (mT)

Fig 13. EPR spectra of CdO-FePO, nanocomposites doped with
Zn0.
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