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Abstract 

Alkali metal ions codoped CaZrO3:Eu
3+ 

nanophosphors series prepared by sol gel technique were further reheated to 750 
o
C 

to improve crystallinity of the product. The crystal structure and surface morphology of materials were determined by X-ray 

diffraction (XRD) and scanning electron microscopy (SEM) technique. XRD results confirmed orthorhombic perovskites 

structures of CaZrO3:Eu
3+

. The surface morphologies of materials were consisting of small, coagulated, cubical particles 

with smooth and regular surfaces. The characteristic strong red emissions of Eu
3+

 ions in CaZrO3:Eu
3+

, M (M=Li
+
, Na

+
, K

+
) 

mainly at 613nm is due to
 5
D0→

7
F2 transitions and other weaker emissions were also observed at 575, 592, 654, and 698-705 

nm corresponding to 
5
D0→

7
FJ (where J = 0, 1, 3, 4) transitions respectively. The remarkable increase of photoluminescence 

intensity corresponding to 
5
D0→

7
F2 transitions was observed in CaZrO3:Eu

3+
 if co-doped with Li

+
 ions. 
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Introduction 

In the present time, researcher had major focus on the synthesis 

of trivalent rare earth ion doped perovskite-type phosphors due 

to their excellent luminescent property
1-3

. Thus various kinds of 

ABO3 type perovskites
4-13

 had been synthesized. As no major 

work for alkali metal ions codoped AZrO:Eu
3+

 type perovskite 

phosphors prepared  by sol gel synthesis have been reported till 

now. In these perovskites phosphor, Eu
3+

 ion act as a good 

activator
14-16

 for red emission due to the shielding effect of 5s 

and 5p electrons around the 4f shell of Eu
3+

 ion. Here, the series 

of CaZrO3:Eu
3+

, M (M =Li
+
, Na

+
, K

+
) phosphors is prepared by 

sol gel method. The substitution of trivalent dopant by 

monovalent or divalent metallic ion leads to the formation of 

intrinsic defects which affect the luminescence intensity of 

phosphor. Hence to enhance the luminescence intensity, some 

alkali metal ions co-doping is done for compensating charge in 

the host lattice. I was guided to synthesize and characterize 

CaZrO3:Eu
3+

 by sol gel technique as this technique had already 

been used by us for preparing phosphor materials, because of its 

various attractive advantages
17,18

 such as simple experimental 

set-up, easy gel preparation and  less time consuming as 

compared to traditional solid state method
19

. The gel 

combustion reaction occurring inside muffle furnace involves 

reaction between required metals and citric acid releases various 

gases and heat within a very short time, resulting product is 

fluffy, crispy and white crystalline powder containing nano-

sized crystallites after sintering at 750
0
C had been prepared and 

characterized. The effect of co-doping of monovalent alkali ions 

(Li
+
, Na

+
, K

+
) into CaZrO3:Eu

3+
 to enhance the photo 

luminescence intensity had been discussed and the possible 

mechanism has been proposed.  

Material and Methods 

Synthesis of Nano-phosphors: High purity (99.9%) chemicals 

like Ca(NO3)2, Zr(NO3)4 [1mol], Eu(NO3)3, NaNO3, KNO3, 

LiNO3, and Citric acid (C6H8O7) from Aldrich were used to 

prepare a series of nano-materials having general formula Ca(1-x) 

ZrO3:xEu
3+ 

and  Ca(1-x+y)ZrO3:xEu
3+

, M  [M=Li
+
, Na

+
, K

+
] where 

x is 5 mol% and y is 1 mol% were prepared by heating slowly 

an aqueous concentrated mixture containing a calculated 

amount of metal nitrates and citric acid on a magnetic stirrer 

maintained at 150
0
C. The mixture undergoes slow dehydration 

and resulting viscous gel calcined inside muffle furnace 

maintained at 750
0
C for 3h to increase the crystallinity of the 

product.  

 

Characterization of nanophosphor: The crystal structure 

characterization was performed by high resolution X-ray 

diffraction (XRD) using Rigaku Ultima IV diffractometer in the 

θ-2θ configuration and using Cu Kα radiation (0.154184 nm). 

The surface morphology of the phosphors was studied by using 

scanning electron microscope. Photoluminescence (PL) were 

examined using a He-Cd laser (325nm). Color purity was 

determined by using CIE 1931 chromaticity coordinates. All 

measurements were carried out at room temperature.  

 

Results and discussion 

Crystal structure determination: XRD spectra of the 

CaZrO3:Eu
3+, 

M (M = Li
+
, Na

+
, K

+
) phosphors are shown in 

Figure-1(a, b) indicate the presence of two extra phase like ZrO2 

[JCPDS No. 17-0923] and Eu2O3 [JCPDS Card No. 34-0392] 

and one main orthorhombic phase CaZrO3 [JCPDS No. 35-

0790] which accommodate the Eu
3+

 ions at Ca
2+ 

site of matrix. 

http://www.isca.in/
http://www.isca.in/
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Some alkali ions like Li
+
, Na

+
 and K

+ 
were co-doped in CaZrO3 

lattice successfully yet Li
+
 and K

+
 have large difference in ionic 

radii from that of Ca
2+

. The ionic radii of Li
+
, Na

+
 and K

+  
is 

76nm, 102nm, and 138 nm respectively,  due to this difference 

of ionic radii of co-doped ions, the CaZrO3 lattices have slight 

deformations leading to the variation in the heights of 

diffraction peaks. Thus effect of co-doping of alkali ions on 

CaZrO3:Eu
3+

 lattices had also been investigated to study the 

enhanced photo-luminescent intensity of the lattices. 

 

 
   Figure-1(a):  XRD spectra of CaZrO3:Eu

3+
 [Li

+
, Na

+
, K

+
]. 

 

 
 Figure-1(b): Orthorhombic phase structure of CaZrO3:Eu

3+
.
 

 

Because of smaller ionic size of Li
+
, there is a possibility of 

some of the Li
+ 

ions to reside in the interstitial sites between or 

among the host ions. This observation can be assigned due to 

the enormous changes in lattice constants of these samples. The 

unit cell constants and unit cell volumes of CaZrO3:Eu
3+

 

samples as well as co-doped samples are calculated from the 

distance between the adjacent (200), (121), and (002) planes 

corresponding to diffraction peaks in Table-1. 

 

Mari et al and coworker
20

 observed that cell volume of the host 

compound increased if the larger ion like Eu
3+ 

replace Ca
2+

, Sr
2+

 

cations in the host lattice,. Therefore, as shown in Table-1, the 

cell volumes of CaZrO3:Eu
3+

,
 
Na

+
 and CaZrO3:Eu

3+
, K

+
 after 

doping with Na
+ 

and K
+
 ions increase, but decrease with the 

doping of Li
+
 due to its smaller size. The cell volumes of 

CaZrO3:Eu
3+

, co-doped with mono-valent ions also follow the 

sequence, CaZrO3:Eu
3+

, K
+
 > CaZrO3:Eu

3+
, Na

+ 
> CaZrO3: Eu

3+
, 

Li
+
; having the increase in size of co-doped ions. The 

substitution of Li
+
 at Zr

4+
 site causes more point defects in 

crystal lattice hence decrease the emission intensity of 

CaZrO3:Eu
3+

 materials. But the substitution of Li
+
 at Ca

2+
 sites 

or at interstitial positions is more favorable and thus 

photoluminescence intensity also enhanced much more with the 

co-doping of Li
+
 ion in CaZrO3:Eu

3+
. 

 

Table-1: Calculated lattice parameters of CaZrO3:Eu
3+

 co-

doped with Li
+
, Na

+
, K

+
. 

Phosphor a/nm b/nm c/nm v/nm 
Crystallite 

size 

CaZrO3:  

Eu3+ 
0.57579 0.80181 0.55911 0.25808 20nm 

CaZrO3: 

Eu3+,Li+ 0.57519 0.80111 0.55679 0.25738 10nm 

CaZrO3: 

Eu3+,Na+ 0.57571 0.80241 0.55959 0.25850 20nm 

CaZrO3: 

Eu3+, K+ 0.57739 0.80389 0.56049 0.26015 20nm 

 

SEM micrograph and particle size analysis: In Figure-2 (a, b) 

show the SEM micrograph of CaZrO3:Eu
3+

 and CaZrO3:Eu
3+

 

co-doped with Li
+
 ions containing smooth uniformity with 

agglomerated particles nearly cubical shape. The average size of 

particles in their SEM images lies between 10nm to 20nm. 

 

 
Figure-2: SEM micrograph of (a) CaZrO3:Eu

3+
, (b) CaZrO3: 

Eu
3+

, Li
+
.
 

 

Photoluminescence analysis :Figure-3 show room temperature 

emission spectra of CaZrO3:Eu
3+

[Li
+
, Na

+
, K

+ 
] were obtained 

using ultraviolet light at 325nm and emitted the red 

luminescence of varying intensities showed that the activator 

Eu
3+

 had successfully entered the host lattice of CaZrO3. These 

luminescence spectra of Eu
3+

 peak at 575nm, 592nm, 613nm, 

654nm, and 698-705nm corresponding to 
5
D0→

7
F0, 

5
D0→

7
F1, 

5
D0→

7
F2, 

5
D0→

7
F3, and 

5
D0→

7
F4 transitions

21-24
 respectively. 

The exact positions of emission peaks in various lattices are 

shown in Table-2. 
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 Table-2: Position of various emission peaks (nm), India. 

Phosphors 
5
D0→

7
F0 

5
D0→

7
F1 

5
D0→

7
F2 

5
D0→

7
F3 

5
D0→ 

7
F4 I(5D0→7F2)/I(5D0→7F1) 

CaZrO3:Eu
3+

 575 592 613 654 698 - 705 4.92 

CaZrO3:Eu
3+

,Li
+ 

575 592 613 654 698 - 705 4.85 

CaZrO3:Eu
3+

,Na
+ 

575 592 613 654 698 - 705 4.98 

CaZrO3:Eu
3+

, K
+ 

575 592 613 654 698 - 705 4.85 

 

It is well known that luminescence peaks of Eu
3+

 are sensitive to 

the symmetry around Eu
3+

 ions. The transition 
5
D0→

7
F2 have 

dipole electric allowed one as well as dipole magnetic allowed 

when Eu
3+

 locates at a site of non-inversion symmetry, while 
5
D0→

7
F1 magnetic dipole transitions only, at a site of inversion 

symmetry
25

.  

 

 
Figure-3: Photoluminescence spectra of CaZrO3:Eu

3+
 co-doped 

with Li
+
, Na

+
, K

+
.
 
 

 

Usually the luminescence intensity ratio of 
5
D0→

7
F2 to 

5
D0→

7
F1 

is regarded as a probe to detect the inversion environmental 

symmetry around Eu
3+

 in the host
26

. On the basis of emission 

spectra shown in Figure-3, the ratio of transition 
5
D0→

7
F2 to 

5
D0→

7
F1 for CaZrO3:Eu

3+
 samples and co-doped samples were 

calculated shown in Table-2. The intensity (I) ratio values for 

the transition I(
5
D0→

7
F2) / I(

5
D0→

7
F1) are nearly 5 and 1 for 

CaZrO3:Eu
3+

. Hence the photoluminescent intensity of 

CaZrO3:Eu
3+

 is stronger confirming it a more suitable 

luminescent center for Eu
3+

 ions and a strong promising 

candidate for red display applications. The peak intensity is 

maximum in Li
+
 co-doped sample and minimum for K

+
 doped 

ions.  

 

These emission lines were assigned to the f-f transitions of 
5
D3 

→ 
7
F4, 

5
D2→ 

7
FJ (J =1, 2, 3), 

5
D1→

7
FJ (J =1,2). Hence the co-

doping of Li
+
, Na

+
, K

+ 
 ion in CaZrO3:Eu

3+
 phosphor increases 

the photoluminescence intensity in the following order: Li
+ 

> 

Na
+ 

> K
+
. The Li

+
, Na

+
, K

+ 
ion decrease the intrinsic defects and 

increases the energy transfer from host to charge transfer states 

as already observed by Mari et al, Co-worker and many other 

researchers
27-31

 that the incorporation of mono-valent ions in 

CaTiO3:Pr
3+

 creates oxygen vacancies, which might act as a 

sensitizer
32,33

 for effective energy transfer due to strong mixing 

of charge transfer states. Co-doping of mono-valent ions 

(mainly Li
+ 

ion) increases energy transfer from Ca
2+

 to Eu
3+

 by 

reducing the surface defects. Here due to its small size, Li
+
 ion 

is substituted in the interstitial sites and increases the energy 

transfer from CaZrO3 lattice to Eu
3+

 site.  

 

Color purity analysis: Color chromaticity coordinates of 

CaZrO3:Eu
3+

, Li
+
 are shown in Figure-4, calculated by the CIE 

1931 color matching functions. The calculated value for CIE 

coordinates for CaZrO3:Eu
3+

, Li
+
 are found to be x =0.672 and y 

=0.329, similar to the standard red color (0.670, 0.330) as 

observed in the National Television Standard Committee 

(NTSC) system. 

 

 
Figure-4: Color chromaticity diagram of CaZrO3:Eu

3+
, Li

+
. 

 

Conclusion 

The X-ray diffraction study of CaZrO3:Eu
3+

, M (M = Li
+
, Na

+
, 

K
+
) nano-materials prepared by sol gel technique confirm 

orthorhombic phase is the main phase in CaZrO3:Eu
3+

 phosphor. 

The particle size of materials is in-between 10nm to 20nm.  

Hence on the basis of result obtained from characterization, it 
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can be concluded that Eu
3+

 and alkali metal ions substitute Ca
2+

 

sites in CaZrO3 lattices. This increase in the photoluminescence 

intensity of phosphor is due to increase of energy transfer from 

Ca
2+ 

to Eu
3+

 ions mainly by co-doping of Li
+
 ion. This 

remarkable increase in the photoluminescence intensity by co-

doping with Li
+
 ions in CaZrO3:Eu

3+
 lattices make them better 

candidates for various red luminescence display applications. 
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