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In present investigation, cadmium oxide-iron phosphate (CdO-FePO4) nanophosphors were prepared by chemical precipitation method. 

To understand the internal structural, optical, luminescence variations with effect of annealing temperature, the prepared samples are 

annealed at 200 ºC and 400 ºC for 8 h. X-ray diffractometry (XRD) analysis of the synthesized powder nanophosphors reveals the presence 

of an amorphous FePO4 phase along with a crystalline cubic CdO phase at a calcination temperature of 200 ºC. Upon increasing the 

annealing temperature to 400 ºC, the amorphous FePO4 transitions into a hexagonal crystalline phase, while the CdO phase remains 

unchanged in its cubic structure. The average crystallite size, lattice strain and dislocation density were also calculated to further characterize 

the material structure. Field emission scanning electron microscopy (FE-SEM) images show a heterostructured morphology consisting of 

rectangular flakes surrounded by hexagonal spheres. As the annealing temperature increases, the size of the rectangular flakes decreases 

and the hexagonal spheres develop into a network structure, forming narrow rod-like morphologies that are distributed over the surface. 

Energy dispersive X-ray spectroscopy (EDAX) confirms the presence of all requisite elements in the prepared nanophosphors. Fourier 

transform infrared (FT-IR) spectroscopy indicates vibrational modes corresponding to regular PO4 tetrahedra and metallic Cd-O bonding. 

With increasing temperature, the energy band gap decreases, it confirms the semiconducting behaviour of the CdO-FePO4 

nanocomposites. 
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INTRODUCTION 

 In recent years, the synthesis of nanocrystalline metal 

oxide materials has gained significant attention and emerged 

at the forefront of research, owing to their distinctive proper-

ties and broad technological applications [1-4]. Among these, 

semiconductor metal‑oxide nanoparticles have received parti-

cular focus due to their tunable band gaps, high surface-to-

volume ratios, and versatile physicochemical characteristics, 

which make them highly suitable for applications in sensors, 

electronics, biomedical devices and advanced material techno-

logies [5]. 

 In recent trends, nanohybrid or nanocomposite materials 

have become increasingly important in the development of 

advanced phosphors due to their ability to combine the advan-
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tages of multiple constituent phases, thereby overcoming 

limitations of individual materials [6-9]. In phosphor techno-

logy, composite structures typically consist of a luminescent 

phase of phosphates integrated with supportive matrices like 

polymers, metal oxides or carbon-based materials. This combi-

nation leads to synergistic effects that enhance structural, 

thermal and optical performance [10,11]. 

 Cadmium oxide (CdO) plays a significant role in the 

development and enhancement of luminescent phosphor 

materials. As a wide bandgap n-type semiconductor, CdO 

exhibits favourable optical and electronic properties, including 

high electrical conductivity, good thermal stability and a direct 

bandgap typically ranging from 2.2 to 2.5 eV. When incorp-

orated into phosphor systems, CdO acts as a host matrix or a 

modifying agent that can influence the structural, morpholo-
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gical and luminescent characteristics of the resulting material 

[12,13]. CdO can improve crystallinity and reduce non-radia-

tive recombination centers, thereby increasing the quantum 

efficiency and stability of the phosphor material [14,15]. Simi-

larly, iron(III) phosphate (FePO4) has also gained increasing 

attention as a functional component in phosphor materials 

due to its chemical stability, environmental friendliness and 

structural versatility [16,17]. Nano-FePO4 serves as an effec-

tive host matrix or co-dopant in the development of lumine-

scent phosphors, particularly in applications where non-

toxic, earth-abundant and cost-effective materials [18,19]. 

 In this work, the synthesis of CdO-FePO4 nanocomposite 

as nanophosphors is carried out by chemical precipitation 

method and systematically investigate the impact of annea-

ling temperature on the structural, optical, morphological, 

and magnetic properties. 

EXPERIMENTAL 

 Analytical grade chemicals viz. cadmium nitrate tetra-

hydrate (Cd(NO3)2·4H2O, 99%), iron(III) nitrate nonahydrate 

(Fe(NO3)2·9H2O, 99%) and trisodium phosphate (Na3PO4, 

98%) were used as primary precursors for the synthesis of 

CdO-FePO4 nanocomposites and procured from Sigma-Aldrich, 

USA. Analytical-grade NaOH solution was employed as the 

precipitating agent to adjust the pH during synthesis. Deion-

ized (DI) water was used throughout all solution preparations 

and washing steps to ensure contaminant free processing, 

while absolute ethanol (99%) was used for rinsing and to 

promote drying and prevent agglomeration of the obtained 

precipitates. All chemicals and solvents were used as 

received without any further purification. 

 Characterization: X-ray diffraction (XRD) was perfor-

med on a PANalytical X’Pert PRO diffractometer using CuK 

radiation ( = 1.5406 Å) over a 2θ range of 20-90º to deter-

mine phase composition, lattice parameters, crystallite size, 

strain and dislocation density. Surface morphology was anal-

yzed using a TESCAN VEGA3 LMU SEM operated at 15 kV 

and particle size distribution was further evaluated using ImageJ 

software. Elemental composition and purity were confirmed 

through EDAX attached to the same SEM instrument. FTIR 

spectroscopy (4000-400 cm-1) was used to identify the funct-

ional groups and monitor structural changes with temperature, 

whereas optical properties were studied by UV-Vis diffuse 

reflectance spectroscopy using a Specord 210 Plus spectro-

photometer in the 300-1000 nm range, with band gaps esti-

mated via the Kubelka-Munk function. Magnetic behaviour 

was assessed using a vibrating sample magnetometer (VSM) 

by recording M–H hysteresis loops to extract saturation mag-

netization, remanence and coercivity. 

 Synthesis of CdO-FePO4 nanophosphors: To synthe-

size CdO-FePO4 nanophosphors, 2.3642 g of Cd(NO3)2·4H2O 

was dissolved in 20 mL of distilled water and magnetically stir-

red for 15 min. In a separate beaker, 2.4186 g of Fe(NO3)2·9H2O 

and 1.6394 g of Na3PO4 were dissolved in 20 mL of distilled 

water. The resulting solution was then added dropwise to the 

cadmium nitrate solution under continuous stirring. The com-

bined mixture was magnetically stirred at 700 rpm for 24 h, 

promoting homogeneous mixing and particle-size reduction 

through continuous internal collisions. A dark brown precipi-

tate gradually formed during this process. The precipitate was 

collected and washed several times with distilled water to 

remove residual impurities. The final product was dried and 

then annealed at two different temperatures, 200 ºC and 400 ºC, 

to obtain CdO-FePO4 nanophosphors with controlled cryst-

allinity and phase formation. 

RESULTS AND DISCUSSION 

 XRD analysis: The XRD pattern of CdO-FePO4@200 ºC 

sample displays broad and intense peaks, suggesting the pres-

ence of both crystalline and amorphous phases. The major peaks 

matched well with the standard JCPDS card no. 01-075-0591 

for CdO (Fig. 1a). However, FePO4 peaks are not distinctly 

visible indicating that FePO4 is either poorly crystallized or 

present in minute amounts at this temperature. The broad hump 

in the background baseline also suggests amorphous content 

or poor particle ordering, typical of low-temperature synth-

esis. With increasing of annealing temperature, CdO-FePO4 

@400 ºC sample (Fig. 1b) shows sharper and more intense 

diffraction peaks indicating enhanced crystallinity and well-

formed crystal structures due to higher calcination temperature 

and gradually amorphous FePO4 transformed into hexagonal 

FePO4 after annealing at 400 ºC as supported with JCPDS 

card nos. 00-017-0837 for FePO4 [20-24]. The peaks corres-

ponding to CdO also remain consistent with the CdO standard 

(JCPDS card no. 01-075-0591), confirming phase stability 

upon heating. The disappearance of a broad amorphous back-

ground and the increased number of well-resolved peaks phases 

purity and crystalline domain growth. 

 The relevant lattice parameters, unit cell volume and 

symmetry axes of prepared samples derived from the XRD 

spectra are listed in Table-1. These values are well correlated 

with the conventional JCPDS values. The average crystallite 

size (D), lattice strain (ε), dislocation density (δ) values of the 

prepared CdO-FePO4 nanophosphors were deduced using 

 

TABLE-1 

PARAMETERS CALCULATED FROM XRD SPECTRA 

Sample 

name 
2θ (º) 

Crystallite 

Size, D (nm) 

Strain 

ε × 10–4 

Dislocation 

density (δ) 

(lines/m2) 

Lattice parameter (Å) 
Unit cell 

volume, V (Å)3 

Percentage of 

crystallinity (%) 

CdOFePO4 

(200 ºC) 
33.02 20.39 59.13 2.40 × 1015 CdO: a=b=c=4.691 CdO: 103.210 36.71 

CdOFePO4 

(400 ºC) 
33.01 29.12 53.8 1.173 × 1015 

CdO: a=b=c=4.689 

FePO4: a=b=5.033, c=5.595 

CdO: 103.159 

FePO4: 122.777 
88.96 
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Debye-Scherrer’s, Stokes-Wilson and Williamson-Smallman 

equations by using eqns. 1-3, respectively [25-27]. 

  
0.89

D
cos


=
 

  (1)  

  
4tan


 =


  (2) 

  
2

1

D
 =   (3) 

where λ = incident X-ray wavelength (1.5406 Å),  = FWHM 

(full width half maxima) of most prominent peak in radians 

and  = Bragg’s diffraction angle. The resultant values of D, 

 and  for CdO-FePO4 nanophosphors at two different tem-

peratures are also shown in Table-1. The variation in crystallite 

size and lattice parameter at two different temperatures can 

be described on the basis of synergic effect due to thermal 

excitation of the nanoparticles [28]. The observed increase in 

strain and dislocation density reflects the lattice distortions 

induced in the nanophosphors as a result of the change in 

annealing temperature. 

 The determination of the percentage crystallinity or crys-

tallinity index, is of significant interest due to it direct influ-

ences the optoelectronic properties of the material and provides 

insight into the degree of structural purity. The relative percen-

tage crystallinity of the samples was calculated using eqn. 4, 

which evaluates the ratio of the total area of crystalline peaks 

to the total area under the XRD diffractogram [29,30].  

  c

c a

Crystallinity
I

I I
 (%) =

+
 (4) 

Here Ic is the total intensity of the crystalline peaks; Ia is the 

total intensity of the amorphous peaks. 

 The determined values of relative percentage crystall-

inity of CdO-FePO4 nanophosphors annealed at 200 and 400 

ºC are also given in Table-1. The XRD analysis confirms that 

calcination temperature plays a vital role in the structural evo-

lution of the CdO-FePO4 nanophosphors. The sample prepared 

at 400 ºC exhibits superior crystallinity, well-defined CdO 

and FePO4 phases and greater structural order compared to the 

200 ºC sample. These features are crucial for optimizing the 

properties in applications like phosphors, catalysts and elec-

tronic materials. 

 Morphological studies: The SEM micrograph images 

of prepared samples are shown in Fig. 2. The microstructures 

of CdO-FePO4 ~200 ºC shows high surface roughness with a 

loosely packed, irregular morphology. Particles appear to be 

fine, highly agglomerated and less defined, indicating incom-

plete crystallization. The presence of many smaller grains with 

uneven shapes suggests that the material is still undergoing 

growth and phase development. The observed texture is typical 

of materials calcined at lower temperatures, where volatile 

 

Fig. 1. XRD pattern of CdO-FePO4 nanophosphors annealed at 200 ºC and 400 ºC 
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residues (e.g. hydroxyls, nitrates) may not be fully eliminated, 

leading to porous and disordered morphology. The CdO-

FePO4 ~400 ºC sample exhibits a more densely packed and 

consolidated structure. The particles appear larger and more 

well-defined, exhibiting distinct plate-like and crystalline 

features. The observed reduction in porosity and increase in 

grain size indicate grain growth and sintering, facilitated by 

the higher calcination temperature. The relatively uniform morp-

hology reflects enhanced crystallinity and improved phase for-

mation consistent with the thermal decomposition of residual 

precursors and the formation of stable CdO-FePO4 phases 

 By using Image-J software, particle size distribution histo-

grams are drawn for synthesized CdO-FePO4 samples at two 

different temperatures 200 ºC and 400 ºC are shown in Fig. 3. 

The synthetic temperature significantly impacts particle size 

distribution of CdO-FePO4 nanophosphors. Lower tempera-

tures yield more non-uniform and smaller particles, while higher 

temperatures lead to broader and more varied particle sizes due 

to increased grain growth or agglomeration effects. The aver-

age particle sizes, determined from histogram of measured 

diameters and widths of spheres and rods (Fig. 3), are 34.98 

nm and 32.60 nm for samples annealed at 200 ºC and 400 ºC, 

respectively. These values are larger than the corresponding 

crystallite sizes reported in Table-1, suggesting that each particle 

is composed of multiple crystallites rather than a single cryst-

alline domain [31]. 

 Fig. 4 represents the EDAX spectrum of CdO-FePO4 nano-

phosphors annealed at 200 and 400 ºC. The results show the pre-

sence of Cd, O, Fe and P elements without any other impurity, 

showing the high pure nature of the prepared nanophosphors. 

 FTIR spectral studies: FTIR spectra of the CdO-FePO4 

nanophosphors annealed at 200 ºC and 400 ºC are shown in 

Fig. 5. The FTIR spectra of CdO-FePO4 nanophosphors cal-

cined at 200 ºC and 400 ºC exhibit significant differences in 

band intensity and sharpness indicating temperature depen-

dent structural and bonding changes. 

 

Fig. 2. SEM micrographs of CdO-FePO4 nanophosphors annealed at (a) 200 ºC and (b) 400 ºC 

 

 

Fig. 3. Size distribution plots of CdO-FePO4 nanophosphors annealed at 200 and 400 ºC 
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 For 200 ºC sample, a broad and intense absorption band 

appears around ~3400 cm–1, corresponding to O–H stretching 

vibrations from physically adsorbed water or residual hydroxyl 

groups. This band is significantly weakened in the 400 ºC 

sample indicating the removal of moisture and hydroxyl species 

due to high-temperature-induced dehydration or condensation. 

Moreover, a band near 1630 cm–1 in the 200 °C spectrum is 

assigned to H–O–H bending vibrations, confirming the presence 

of adsorbed water. This feature is diminished or absent in the 

400 ºC sample, reflecting improved water removal upon 

thermal treatment. 

 Both spectra show strong bands in the 1000-500 cm–1 

region, attributed to P–O stretching and O–P–O bending vibra-

tions, characteristic of FePO4 or phosphate networks. These 

bands become sharper and better defined in the 400 º sample, 

indicating enhanced crystallinity and structural ordering of 

the phosphate framework. Bands below 700 cm–1 correspond to 

Cd–O and Fe–O bond vibrations, and the increased intensity 

and sharpness of these bands in the 400 ºC sample suggest 

improved formation of M-O linkages and higher phase purity. 

 Overall, the 200 ºC sample exhibits broader, less defined 

peaks with prominent O–H and H–O–H signals, indicative of 

structural water and incomplete crystallization. In contrast, 

the 400 ºC sample shows sharper, well-resolved bands with 

reduced water-related absorptions, confirming enhanced crys-

tallinity, stronger bond formation, and fewer defects [32,33]. 

These FTIR results corroborate the local structural environ-

ments and bonding in the CdO-FePO4 nanophosphors. The 

characteristic peak positions and shifts for samples annealed 

at 200 ºC and 400 ºC are summarized in Table-2.  

 DRS study: The optical bang gap values of CdO-FePO4 

nanophosphors were deduced from Kubelka-Munk (K-M) 

function using eqn. 5 [34]: 

  
2(1 R)

F(R)
2R

−
=  (5) 

where F(R) is a K-M function; R is the reflectivity of sample. 

The above equation can be rewritten with the equation 

relating band gap (Eg) as follows [27]: 

  
n

g( h ) F(R)hν A(h E )  = =  −  (6) 

 

Fig. 4. EDAX patterns of CdO-FePO4 nanophosphors annealed at 200 ºC and 400 ºC 

 

 

Fig. 5. FT-IR spectra of CdO-FePO4 nanophosphors annealed at 200 ºC and 400 ºC 
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TABLE-2 

ASSIGNMENT OF VARIOUS BAND POSITIONS  

AND THEIR CORRESPONDING FREQUENCIES IN  

IR SPECTRA OF CdO-FePO4 NANOPHOSPHORS 

Position of bands (cm−1) 

Assignment CdOFePO4 

(200 ºC) 

CdOFePO4 

(400 ºC) 

3424 3420 -OH stretching 

1631 – -OH bending 

1431 1400 -CH2 bending 

1062 1010 Anti-symmetric stretching of PO4
3–: 

F2
(2) 

– 855, 718 P–O bond symmetric stretching 

vibrations: A1 

634 546 O–P–O bending vibrations: F2
(1) 

470 431 Metallic bonding of CdO 

 

where the values of n = 1/2, 2, 3/2 and 3 indicate allowed 

direct, allowed indirect, direct forbidden and indirect forbidden 

transitions, respectively [35]. The band gap values for the pre-

pared samples were extrapolated from the graph drawn between 

(F(R)h)2 versus energy (h) (Fig. 6).  

 The CdOFePO4 sample annealed at 200 ºC exhibits a 

band gap of 2.26 eV, while the sample annealed at 400 ºC 

shows an increased band gap of 3.0 eV. The lower band gap 

at 200 ºC is attributed to a higher density of defect states and 

the presence of localized electronic states near the band edges, 

typically associated with amorphous or poorly crystallized 

phases. In contrast, the higher band gap observed at 400 ºC 

indicates improved crystallinity and reduced defect density, 

consistent with the XRD analysis. This increase in band gap 

with annealing temperature reflects a reduction in the mid-gap 

states and enhanced phase purity, leading to a blue shift in the 

absorption edge. This shift also indicates controlled tuning of 

optical properties via synthesis conditions. Consequently, the 

400 ºC sample is more suitable for UV-light-driven applica-

tions such as UV sensors and photo-electrochemical devices. 

 Magnetic properties: From the M-H loops of CdO-

FePO4 annealed at 200 ºC exhibits saturation magnetization, 

remnant magnetization and the coercivity were found to be 

0.002405 emu/g, 0.0003352 emu/g, 628 Oe, respectively. This 

sample shows the reasonably high magnetization under strong 

applied fields. A moderate coercive field, implying the mate-

rial has some resistance to demagnetization. This behaviour 

suggest it act as semi-hard magnet suitable for memory appli-

cations or magnetic sensors. Small residual magnetization 

occurs when the field is removed it indicates the material can 

retain some magnetism but not strongly. The magnetic hyst-

eresis loop shown in Fig. 7a exhibits slight asymmetry, which 

may arise from anisotropic magnetic domains or sample imper-

fections. The relatively low saturation magnetization is attri-

buted to the nanostructured nature of the particles and the 

mixed oxide composition of the CdO-FePO4 nanophosphors. 

 The CdO-FePO4 sample annealed at 400 ºC exhibits satu-

ration magnetization, remnant magnetization and the coercivity 

were found to be 0.002731 emu/g, 0.000449 emu/g, 1155 Oe, 

respectively. With increasing annealing temperature, all the 

magnetic parameters show an increase, indicating that the 

magnetic domains become more systematically aligned and 

exhibit enhanced resistance to demagnetization. The Hc value 

increases with particle size, which is possibly due to domain 

wall pinning or reduced surface effects. The EDS analysis 

reveals that CdO-FePO4@400 ºC contains a higher Fe content 

(~34.6 wt.%) compared to the 200 ºC sample indicated that 

Fe incorporation increases with annealing temperature. This 

enhanced Fe content correlates with the observed improve-

ment in the magnetic properties at higher temperatures.  

Conclusion 

 In conclusion, CdO-FePO4 nanophosphors were success-

fully synthesized using a simple and cost-effective chemical 

precipitation method. The annealing process played a key 

role in enhancing the crystalline quality of the nanophos-

phors. X-ray diffraction analysis confirmed the presence of 

two distinct phases and demonstrated that the crystallinity of 

the samples improved with increasing annealing temperature 

The formation of nanospheres with rod like association around 

them is shown by SEM. Elementary mapping through EDAX 

spectrum confirmed that the initial precursors converted into 

final material in accordance to their stoichiometric ratios. 

Peaks related to Cd–O and P bonds were observed in the FT-

 

 

Fig. 6. The optical band gap plots of CdO-FePO4 nanophosphors annealed at 200 ºC (a) and 400 ºC (b) 
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IR spectrum. The indirect band gap calculated from diffused 

reflectance spectra varied as 2.26 eV and 3.0 eV for annealing 

temperatures at 200 ºC and 400 ºC. This means that the 

prepared nanophosphors can efficiently absorb visible light 

photons, which is crucial for many photocatalytic reactions. 
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