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Abstract
The Ce3+ substituted CaSiO3 nanophosphors (1-7 mol %) have been synthesized by using
solution combustion technique. Phosphors have been well reported by Powder X-Ray
Diffraction, Field Emission Scanning Electron Microscope, Fourier Transform Infrared
Spectroscopy and Ultra Violet Visible Spectroscopy. Powder X-Ray Diffraction patterns
reveal monoclinic CaSiO3 phase which can be obtained for calcining the samples at 900 ◦C
for 3 h and average size of the samples is (34-42) nm as calculated by Scherer’s formula
and Williamson-Hall plots. Field Emission Scanning Electron Microscope micrographs
show that crystallites are of agglomerated and irregular in shape. Fourier Transform
Infrared spectroscopic analysis is to determine the chemical functional groups in the
sample. The band gap was evaluated by Kubelka-Munk method is in the range of (3.3-3.4)
eV shows semiconducting nature. Photoluminescence of the phosphors were recorded for
excitation wavelength at 350 nm show characteristic emission 483 nm of transition 5d
4f of the Ce3+ ions. Commission International De I’Eclairage and Coordinated Color
Temperature values are situated in the blue regions, prepared phosphor might be useful in
Blue component of White Light Emitting Diodes and solid state display applications.
Keywords: DRS; FTIR; Emission spectra; Quenching; WLED; Display applications;

1. INTRODUCTION
The advance of environmental p r o t e c t i o n a n d energy conservation awareness, developing
green and environment-friendly lighting source becomes increasingly important. White-light
emitting diodes (W-LEDs), more preferable candidates for replacing conventional
incandescent and fluorescent lamps, have gained considerable attention owing to their
attractive advantages of excellent stability, high luminous efficiency, long service life as
well as environmental friendliness. Ce3+ substituted CaSiO3 nanophosphors prepared by
Solution Combustion technique is low temperature (500 0C) with calcined (heating/sintered)
at 900 0C for 3 hr. compared to solid-state process and Sol-gel method [1-5]. Recently
growing academic interest has been focused on the research of pursuing single-component
white-light emitting phosphors to gain better color rendering index and small color
aberration [6-9].
The properties of the Ce3+ ions were directly affected by the static and dynamic properties of
their environment and the associated optical spectra was characterized by both sharp and
broad emission bands since 5d electrons was outside of the ion core [10]. The improvement of
luminescence materials dealt with CaSiO3: Ce3+ as an outstanding host due to Ce3+ ions cans easily
alternative in CaSiO3 and an appropriate host lattices crystal area strength around Ce3+ ions. For blue
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photoluminescence, trivalent cerium ion (Ce3+) turned into an emitting center because of its emission
from 700 to 1400 nm, which contain the R-line narrowband emission around 700 nm and the
broadband 483 nm emission from the 5d - 4f transition relying on the host crystal field strength [1113].

The present work CaSiO3:Ce3+ (1-7 mol %) phosphor has been synthesized by self
propagating combustion synthesis (CS) method. The CS technique turned into rapid and able to
generating manoclinic section compounds at nano level. There are no reports available on the
synthesis and photoluminescence study of CaSiO3:Ce3+ (1-7 mol %) via CS process with
Citric acid as a fuel. The character and structural information of the synthesized phosphor become
examined by way of powder X-ray diffraction (PXRD), Field emission scanning electron microscopy
(FESEM), Fourier transform infrared spectroscopy (FT-IR) techniques. The properties of

CaSiO3:Ce3+ nanophosphor was investigated by diffused reflectance spectra (DRS) of UV –
Visible Spectrophotometer and photoluminescent (PL) studies.

2 EXPERIMENTAL
2.1 Preparation of CaSiO3:Ce3+ nanophosphor
(1-7 mol %) Ce3+ substituted Calcium silicate nanophosphors were prepared by combustion
technique by Citric acid as a fuel [14]. The flow chart for the preparation of CaSiO3:Ce3+ (1-7
mol %) was revealed in Fig.1. Analar grade Calcium nitrate (Ca (NO3)2·4H2O; Sigma
Aldrich, 99.9 %), fumed silica (SiO2, 99.9 %), Cerium nitrate (Ce (NO3)3, 99.9 %) and Citric
acid (C6H8O7) have been used because the starting materials. The stoichiometric quantity of
Ca(NO3) 2·4H2O, SiO2 and C6H8O7 (1:1:1.25 in mole ratio) have been well dissolved in ~100
ml of deionized water and stirred nicely the usage of magnetic stirrer to get homogenized aqueous
solution. The combination was heated in a muffle furnace temperature at 500 ± 10 oC. The last
product became similarly calcined at 900 oC for 3 h for the formation of properly crystalline sample.
The chemical reaction equation is,
3 x
(1  x) C a(NO3 ) 2  x RE (NO3 )3  C6 H8O7  SiO2  C a1 x REx SiO3(s)  2 CO 2(g)  3 H 2O(g)  
 N 2(g)
 2 
------------- (1)

Fig.1. Flow chart of preparation of (1-7 mol%) Ce3+ substituted CaSiO3 nanophosphor
calcined at 900 oC for 3 h.
Table.1. Estimated structural parameter values in undoped and (1-7 mol%) Ce3+ substituted
CaSiO3 nanophosphor.
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2.2 Characterization
Powder X-ray diffraction (PXRD) analysis was performed using X’PERT pro Philips
analytical diffractometer (operating at 50 KV & 20 mA by means of CuK (1.541Å) radiation
with an nickel filter at a scan rate of 2o min-1). The data were collected within the range of 200 to
600. Morphology of the samples was examined by means of the use of a field emission scanning
electron microscope (FESEM) (ULTRA55, FESEM (Carl Zeiss) with EDS). Fourier transform
infrared (FTIR) spectra had been recorded in absorption mode with Perkin Elmer spectrometer
(Spectrum 1000) together with KBr pellets. The UV visible optical absorption examine of the sample
was made in the range (200 - 800 nm) using Perkin Elmer Lambda 19 to attain diffused reflectance
spectra (DRS). Photoluminescence (PL) research are made the use of Agilent technologies, model
Cary Eclipse, Spectrofluorimeter at room temperature (RT).

3. Results and Discussion
3.1 Powder X-Ray Diffraction (PXRD)
In Fig. 2 PXRD patterns of (1-7 mol %) of Ce3+ substituted Calcium silicate calcined at 900
o
C for 3 h. Diffraction peaks of Ce3+ substituted Calcium silicate were properly-matched with
the JCPDS card No. 84-0655 [15] and shows well crystalline and single phase. The average
crystallite size was predicted by using the Scherrer’s formula [16, 17]. Average crystallite
size of Ce3+ substituted Calcium silicate calcined at 900 oC for 3 h was in the range 34 - 40
nm.

Fig.2. PXRD patterns of undoped and (1-7 mol%) Ce3+ substituted CaSiO3 nanophosphor
calcined at 900 oC for 3 h.
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Fig.3. W-H plots of undoped and (1-7 mol%) Ce3+ substituted CaSiO3 nanophosphor the
lattice strain is extracted from the slope and the crystalline size is extracted from the
y-intercept of the fit.

Lattice strain present in the (1-7 mol %) CaSiO3:Ce3+ nanophosphor calcined at 900 oC for 3
h nanophosphor synthesised was predicted by using Williamson–Hall (W–H) plots [18, 19].
The particle size and lattice strain were taken into consideration may be predicted from the
extrapolation of the plot as shown in Fig.3. The average crystallite size and lattice strain predicted
from these techniques of the linear fit had been proven in Table 1 and show nano in size.

3.2 Morphological analysis

Fig.4. FESEM micrographs of (a) 1 mol% (b) 3 mol% (c) 5 mol% (d) 7 mol% and (f) EDAX (3
mol%) and inset table shows elemenst with atomic weight % of Ce3+ substituted
CaSiO3 nanophosphor.
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Field effect electron scanning microscopes (FESEM) had been an essential tool for the
characterization of nanomaterials, as they provide data about the synthesized samples . FESEM and
energy dispersive X-ray analysis (EDAX) of CaSiO3: Ce3+ (1-7 mol %) nanophosphor
calcined at 900 oC for 3 h were showed in Fig.4 (a-e). It was determined that the sample was
enormously porous, agglomerated, voids and fluffy with polycrystalline in nature. The pores and
voids may be attributed to the massive number of gases escaping out of the reaction mixture
throughout combustion.

3.3 Fourier transformation infrared (FTIR) spectroscopy
FTIR analysis is to determine the chemical functional groups in the sample prepared and
recorded in the range 4000-400 cm-1 shown in Fig.5. The region between 1000 and 1500 cm−1
is characterized by an overlapping Si–O. Different bands can be distinguished at 1009, 1081
and 1483 cm−1, which are assigned to various Si–O bonds. The sharp band from 888 cm−1 is
due to asymmetric stretching vibration of Si-O-Si band and stretching vibrations of terminal
Si-O bands. The absorption at 448, 555 and 643 cm−1 is due to symmetric stretching
vibrations Si-O-Si bridges [20]. The absorption peak at 2351 cm-1 shows the existence of
hydroxyl groups.

Fig.5. FTIR of (1-7 mol %) Ce3+ substituted CaSiO3 nanophosphor.

3.4 UV-Visible absorption
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Fig.6. UV Visible DRS spectra of (1-7 mol %) Ce3+ substituted CaSiO3 nanophosphor
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The UV–Vis absorption spectra of CaSiO3: Ce3+ (1-7 mol %) nanophosphor calcined at 900
0
C for 3 h samples were shown in inset Fig. 6. Those outcomes in the formation of voids can
purpose absorption bands within the UV region, the surface of nanoparticles were widely known to
include of numerous defects and absorption of impurity bring about the absorption of nanocrystals.
Band gap (Eg) was evaluated by Kubelka- Munk method, DRS of the material changed into
converted to the absorption spectra by the usage of Kubelka – Munk function [22] and the band
gap value as showed in Fig.7. Predicted value of Eg were in the range of (3.3 – 3.4) eV. Due to
this synthesized sample were indicates semiconductor nature.
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Fig.7. Energy band gap of (1-7 mol %) Ce3+ substituted CaSiO3 nanophosphor

3.5 Photoluminescence (PL) studies
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Fig.8. PL Emission spectra of (1-7 mol%) Ce3+ substituted CaSiO3 nanophosphor excited at
350 nm.

The emission spectra of (1-7 mol %) CaSiO3:Ce3+ nanophosphor measured at 350 nm
excitation was shown in the Fig. 8. The emission bands at 440, 460, 483 and 544 nm
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observed were attributed to Ce3+ ions [23-25]. Strongest emission peak at 483 nm
corresponding to 5d  4f (2F5/2) was due to hypersensitive forced electric-dipole transition.
The configurationally coordinate model was explaining the shape of the broadband transition.
PL intensity variation with different Ce3+ concentration was studied and shown in Fig. 9. The
figure shows that PL intensity increases with increase in Ce3+ concentration up to 3 mol% and
thereafter it decrease with further increase in Ce3+ concentration and this is understood by
concentration quenching due to cross relaxation. As dopant concentration of Ce3+ increases,
5d  4f (2F5/2) transition dominates and the emission intensity increases. As Ce3+
concentration increases the transition centered at 5d  4f (2F5/2) (483 nm) shows an
enhanced emission up to 3 mol % of Ce3+. Similarly, the increase in Ce3+ awareness greater than
3 mol % the PL intensity is lower due to concentration quenching. For this reason, the excited atom
moves to the quenching sites, dissipating the energy non-radiatively. Due to the concentration
quenching the emission intensity decreases. The critical energy transfer distance (Rc) was

calculated by,

 3V 
Rc  2

 4X c N 

1/ 3

     (2)

Where Xc; the critical concentration, N; the number of cation sites in the unit cell, and V; the
volume of the unit cell. For CaSiO3: Ce3+ nanophosphor the values of N, V and Xc were 6,
409.85 Ǻ3 and 0.03 respectively. Using those parameters, the anticipated Rc is observed to be
16.33 Ǻ. considering Rc was not less than 5Å, exchange interaction become not liable for nonradiative energy transfer method from one Ce3+ ion to another Ce3+ ion on this host.
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Fig.9. The variation of PL intensity with different Ce3+ concentration.
The Blasse theory [26], non-radiative energy among different Ce3+ ions in CaSiO3 phosphor might
also arise through radiative change multipole-multipole interaction. Typically, the radiative reabsorption mechanism comes into effect while there has been an extensive overlap of emission peaks
of the sensitizer and activator. In this example, radiative - reabsorption become completely dominated
out as there have been no wide overlapping peaks. Therefore, multipolar interaction changed into used
to explain the concentration quenching. Multipolar interaction includes several kinds of interaction
consisting of dipole-dipole (d-d), dipole-quadropole (d-q), quadropole-quadropole (q-q) interaction.
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As a result, the energy transfer method of Ce3+ in CaSiO3 phosphor could be because of multipolar
interaction.
In order to decide the type of interaction involved within the energy transfer Van Uitert’s [27]
proposed an equation:



I
 k 1   ( X )Q / 3
X



1

     (3)

Where I; the integral intensity of emission spectra from 550-750 nm, X; the activator
concentration, I/X; the emission intensity per activator (X), β and K; constants for a given
host under same excitation condition. According to above equation, Q = 3 for the energy
transfer among the nearest neighbor ions, while Q = 6, 8 and 10 for d-d, d-q and q-q
interactions respectively. Assuming that β(X)Q/3 >>1, above equation can be written as
Q
 I 
log   K ' log X ( K '  log K  log  )      (4)
3
X
From equation (5), the multipolar character (Q) can be obtained by plot log (I/X) vs log (X)
as shown in Fig.10. Slope and multipolar character ‘Q’ was found to be - 0.94 and 2.565
which was close to 6. Therefore, the concentration quenching in CaSiO3: Ce3+ phosphor
occurred due to dipole to dipole interaction.
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Fig.10. Relation between log (x) vs log (I/x) in CaSiO3:Ce3+ nanophosphor.

The Commission International De I-Eclairage (CIE) chromaticity coordinates for CaSiO3:
Ce3+ (1-7 mol %) nanophosphors as a function of Ce3+ concentration for the luminous color
was depicted by the PL spectra. The CIE coordinates of blue emission of Ce3+ ions not only rely
upon the asymmetric ratio but additionally rely on the higher energy emission levels. Literature
exhibits that the Ce3+ doping effect turns into stronger in the case of particles with higher crystallinity,
resulting in an improved activation degree of Ce3+. Their corresponding places were star marked in
the blue area in Fig. 11(a), their X and Y values had been given in the table inset of Fig. 11(a).

The Coordinated Color Temperature (CCT) values were well located in the blue region
shown in the star mark in Fig. 11(b). The estimated Planckian locus defines the color
temperature of a light source and calculated values of CCT shown inset table of Fig. 11(b) by
using transforming equations 5 and 6 shows the temperature of the closest point of the
Planckian locus to the light source on the (U, V) uniform chromaticity diagram (Fig.11(b)).
4x
U ′ = −2x+12y+3 ------------------------ (5)
9y

V ′ = −2x+12y+3 ------------------------- (6)
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Fig.11 (a). CIE chromaticity diagram of (Inst table: x and y values) (b) CCT (Inst table: u′, v′
and CCT values) of (1-7 mol%) Ce3+ substituted CaSiO3 nanophosphor.

The average CCT value of prepared CaSiO3:Ce3+ nanophosphor is 4132 K which was very
close to standard NTSC values [28]. This shows that the strongest emission peak indicates at
3 mol % CaSiO3: Ce3+ nanophosphor was suitable material for the fabrication of blue element of
WLEDs and additionally solid-state display applications.

4. CONCLUSION
3+

CaSiO3:Ce (1-7 mol %) nanophosphor was successfully synthesized via combustion
method. The average crystallite size was expected from Scherer’s and W-H plots. Emission
spectra show that there's an increase in emission intensity with increase in Ce3+ attention and
beyond 3 mol% concentration quenching is found because of dipole to dipole interaction.
Narrow blue emission peak observed at 483 nm in CaSiO3:Ce3+ is due to 5d  4f (2F5/2)
transition from Ce3+ ions. The CIE chromaticity co-ordinates and CCT situated in the blue
region, hence CaSiO3:Ce3+ the phosphor might be useful in blue component of WLEDs and
also display applications.
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