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Abstract 

Because of the spectroscopic properties of Ce3+ with favorable response and the ability to 

integrate the Ce3+ ion into diverse host inorgnaic material which was activated with cerium 

ion cover transformed interest for most of the applications . Therefore, with the suport of 

outstanding luminescence properties, inorganic materials activated with Ce3+ ions are applied 

in lightings industries, detectors with display systems for ionizing radiation .Here synthesis 

and photoluminescence (PL) investigation of LiSiO3:Ce3+  carried out using combustion 

synthesis method. The structural and morphological studies and confirmation of phase and 

purity were done using XRD and SEM. PL spectra of Ce3+  due to the 4f–5d transition of 

Ce3+ ions peaking at 332 nm. The photoluminescence emission spectra of LiSiO3:Ce3+ 

phosphor exhibit blue emission band centered at 440 nm. Usually, configuration of  Ce3+ ion 

in ground state is divide into two levels viz., 2F5/2 and 2F 7/2 whereas the 5d1 excited 

configuration is divide by the crystal playing field ranging from 2 to 5 components 

Keywords:-  Photoluminescence , XRD, SEM,CIE  
 

Introduction 

Cerium ions can be stabilized in host material in trivalent oxidation state. The 

stabilization and incorporation of Ce ions in the sample was studied and confirmed by 

the investigations of luminescence. Because of the spectroscopic properties of Ce3+ with 

favorable response and the ability to integrate the Ce3+ ion into diverse host inorgnaic 

material which was activated with cerium ion cover transformed interest for most of 
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the applications [1]. These materials recombine with high light capitulate, constructive 

emission wavelength, faster fluorescence decay with stability of temperature which 

make them attractive for useful in detectors for elevated energy physics [3] and also 

medical imaging [2]. Therefore, with the suport of outstanding luminescence properties, 

inorganic materials activated with Ce3+ ions are applied in lightings industries, detectors 

with display systems for ionizing radiation [3]. To calculate the 5d energies of another 

rare earth ion in same host lattices material trivalent cerium ion also is used as a 

reference ion [4]. So, the spectroscopic properties investigation of trivalent cerium ion 

in various host material is important for both the actual applications and the 

fundamental research. Generation of white light either by combination of basic 

fundamental colors or corresponding colors due to white light obtained from UV-blue 

LED by covering on LED suitable inorganic phosphors excitable by LED lights, For such 

inorganic phosphor transformed LED generating white light concluding development of 

suitable phosphor materials.  

Experimental   

The Ce3+ activated LiSiO 3 phosphor were prepared via combustion  synthesis 
method. The starting AR grade materials (99.99% purity) were taken as follows: All 

ingredients used in the synthesis are of analytical reagent grade. Phosphors were 
synthesized by high temperature solid-state method. Silicate samples were obtained 
from the raw materials of metal carbonates with silicic acid (SiO2.9H2O), LiCO3 and  

Tb4O7 which were stoichiometrically weighed out. All the ingredients were mixed  
according to stochiometric ratio in agate mortar and  crushed it for 60 minutes to form 

a  pasty  solution  ,  the  solution  was  then transferred  to  silica  crucible  and  kept  
inside  a  muffle furnace  which  is  maintained  at  a  constant  temperature 8000C for 
24hrs duration. For preparing various activated phosphors, appropriate metal 

carbonates was added in the desired quantity to the starting material and similar 
procedure was followed. X-ray diffraction patterns were recorded on Philips PAN 

analytical X’pert Pro diffractometer Cu line (1.54056  ̊A) was used.  
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Results and discussion 
X-ray diffraction pattern  

. It is carefully observed X ray diffraction pattern of the prepared LiSiO3 host material 

compound does not shows any existence or subsistence of other raw material which is 

not direct confirmation of formation of desired compound. It is found that the XRD 

pattern of LiSiO3  phosphor is well matched with standard JCPDS data file available i.e 

83-1517 which shows that the final host product obtained is in crystalline and 

consistent homogeneous forms.  

 
                      Fig.1 XRD-pattern of LiSiO3 lamp phosphors. 

Morphology of the combustion synthesized LiSiO3 phosphors  

Scanning electron microscopy (SEM) study was carried out to investigate the 

surface morphology and crystallite sizes of the synthesized phosphor powder.[5] Figure 

2 shows the SEM micrograph of the prepared powder sample. Most of the particle is like 

foam shape. The shape of the phosphor influenced by the host and the activator also. 

The SEM micrograph of the LiSiO3 powder phosphor was checked and the particle  size 

allocation of the prepared phosphor is having significant potential application for lamp 

industries.    
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Fig. 2 Morphology of the combustion synthesized LiSiO3 phosphors. 
Ce3+ luminescence in LiSiO3 phosphors 

Fig. 3 and 4 shows photoluminescence excitation and emission spectra of 

LiSiO3:Ce 3+ phosphors which shows a wide absorption band in the range of 280 to 380 

nm due to the 4f–5d transition of Ce3+ ions peaking at 332 nm. The photoluminescence 

emission spectra of LiSiO3 :Ce3+  phosphor as shown in fig exhibit blue emission band 

centered at 440 nm. Usually, configuration of  Ce3+ ion in ground state is divide into two 

levels viz., 2F5/2 and 2F 7/2 whereas the 5d1 excited configuration is divide by the crystal 

playing field ranging from 2 to 5 components. In this research work, the emission 

spectra of the prepared samples shows broad blue emission band in the range of 400-

650 nm peaking at 440 nm. In accordance to the literature review [6] it is recognized to 

the transition of electron from the excited state of 2DJ to the Ce3+ ions ground states 

viz.,2F5/2,7/ 2 of in the prepared LiSiO3:Ce3+ host materials, the doublet characteristic of 

trivalent cerium ion not observed in the emission spectra. These photoluminescence 

emission spectrum resulting from the spectral overlaping of different emissions peaks 

connected with trivalent cerium ions substituted for five Sr  sites in the T segment[58]. 

The excitation takes place among the maximum ground level spliting to the 5d levels 

while the emission developing from the excited level i.e. lowest level toward the two 

spliting ground levels state. Because of this for  trivalent cerium ion, there are additional 

4f–5d absorption bands in the PLE spectra while the 5d-4f emission observed in the 

photoluminescence emission spectrum is a representative double-band profile. The 5d-

4f emission spectra of trivalent cerium ion which based strongly on the crystalographic 



 

Our Heritage(UGC Care Listed) 
ISSN: 0474-9030 Vol-68, Special Issue-12 

National Conference on Recent Trends in Physics, Chemistry and 
Mathematics (RTPCM-2020) Held on 4th February 2020Organised by:  

Department of Physics, Chemistry and Mathematics, 
SunderraoSolankeMahavidhyalaya, Majalgaon, MS 

 

 

 

 
P a g e  | 706  Copyright ⓒ 2019Authors 

 

field. The trivalent cerium ion emission frequently is in the ultra-violet or blue spectral 

section although shifted toward green to yellow region (eg. Y3Al5O12 :Ce3+), with the 

manipulation of the crystallographic surroundings. Usually, the characteristic emission 

trivalent cerium ions in a specific lattice site happen as doublet bands with the 

transitions observed due to the relaxed lowest 5d state of excitation to the 2FJ 

(J=5/2,7/2) spin–orbit spliting 4f ground state.The separation of energy of the two 

bands corresponding to the common spin–orbit splitting up of (2000 cm-1). The peak of 

excitation, which was expressed by the difference of energy of the lowest 5d level of 

excitation of trivalent cerium ion (332 nm) in the current Sr2+  host material compared 

with the free trivalent cerium ion (6.118 eV) , In present case as explaning in fig 6.22 

and 6.23 .The emission spectra is  clearly from the same observable site. The nine-fold 

synchronization Sr2+ is observed with Cs symmetry in a indistinct tri-capped trigonal 

prismatic geometry. Thus LiSiO3:Ce3+ among blue emission is able to find potential 

applications as a blue emitting lamp phosphor. 

               The compounds LiSiO3:Ce3+  was synthesized by modified wet  chemical  

synthesis method and activated by alkaline earth Ce3+ ion , varies from 1 to 10 mol % 

with respects to corrosponding host material. The crest emission wavelengths of the 

prepared fluoride aluminates based compared with compounds prepared by high 

temperature reaction are summarized through emission  spectrum graphical 

representation. It is going to investigated that, our prepared LiSiO3:Ce3+  blue emitting 

phosphor gives in the emission spectra at 440 nm exhibiting a blue shift moderately 

with commercial available phosphor and have prospective applications for blue lamp 

lighting industries. 
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Fig. 3 Excitation Spectra for LiSiO3 :Ce3+ phosphors, λem= 440 nm. 
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       Fig. 4 Emission spectra for LiSiO3 :Ce3+ phosphor λex=332 nm 

  

 

Chromatic properties of LiSiO3:Ce3+ phosphor 

Herewe determine the coordinate of chromaticity indexed with the help of the emission 

spectra of Ce3+. In 1931 chromaticity coordinate illustration invented by  a renowned 

Commission of International de l’Eclairage (CIE) .It is the two dimensional graphical 
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pictorial illustration of any visible color by the eye system of human being on the x and 

y axis. [7]  Generally illumination of lighting means colors referring lighting in 

conditions of the chromatic color coordinate which recognizes by the  human being 

visualization scheme which use 03 major colors: i.e . blue ,red and green [3]. The CIE 

chromaticity diagram of LiSiO3:Ce3+ blue emitting phosphor shown in Fig 6.25. The color 

coordinates of the LiSiO3:Ce3+ phosphor observed, in blue region (Cx =0.234 Cy =0.035) 

phosphor is also in blue region shown in Fig 5. 

 
 

Figure5 : CIE chromatic diagram for LiSiO3:Ce3+ phosphor. 
 

Because of  the rising consequence of Ce3+ activated LiSiO3:Ce3+ with attractive blue 

emitting optical properties, which compose the prepared inorganic blue emitting  

phosphor become the exceptional prospective candidate for blue emitting phorphor 

industrial  applications. The system of chromaticity coordinates (x, y) calculated with 
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the help of the color calculator program radiant imaging. The leading wavelength of the 

spectrum is the singular wavelength of monochromatic light which appear to have the 

samilar color as the light source. Such a wavelength calculated with the help of by 

sketching a singular line exclusive of delay from one end of the chromaticity white 

illuminants (0.31, 0.32) through the coordinates of x and y axes to be calculated, in 

anticipation of the line intersect the outer area locus point subsequently to the 

boundary of the spectral  region of 1931 C.I.E. chromatic graphical representation 

[5].The result indicated from the spectrum in figure 6.25 is plotted by the Commission 

of Internationale de l'´Eclairage (CIE) 1931 chromaticity graphical representation.    

6.4.4. Conclusion  

1) The study of the photoluminescence characteristics of trivalent cerium  activated 

blue-emitting LiSiO3:Ce3+ phosphors  in the  near UV–vis range shows the 

excitation bands at 332 nm. 

2) Emission characteristics of LiSiO3:Ce3+  shows emission band at 440 nm, because 

of the  corrosponding  energy level.  

3) The influence of activator concentration level on the photoluminescence 

properties of LiSiO3:Ce3+ phosphor realize in conditions of a smaller changes in 

relativistic intensity variation of the 5d-2F5/2 to 5d-2F7/ 2 ascribed to conceit and 

improved spliting of crystaografic field.  
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