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Abstract : A series of Bi
3+

:Tb
3+ 

doped LaInO3 phosphors were synthesized via Polyol method. 

The structure and luminescence properties were investigated. The optimum concentrations of 
Bi3+and Tb3+ were 3mol% and 3mol%, respectively. Furthermore, LaInO3:3Bi

3+
 

andLaInO3:3at%Tb
3+ 

phosphors emitted blue and green light and the emission color of 

LaInO3:Bi3+, Tb3+could be tuned from blue to green through the energy transfer. This energy 
transfer from Bi

3+
 to Tb

3+
wasconfirmed and investigated by photoluminescence spectrum and 

decay lifetime. With constantly increasing Tb
3+

concentrations, the energy transfer efficiency 

from Bi
3+

 to Tb
3+

 in LaInO3 host increased gradually and reached as high as 64%. The energy 
transfer mechanism (Bi

3+
-Tb

3+
)was proved to be dipole–dipole mechanism. Moreover, the 

phosphor of LaInO3:3at% Bi
3+

, 3at%Tb
3+

could exhibited strong green emission with good 

CIE chromaticity coordinate. The results indicate thatLaInO3:3at% Bi
3+

, 3at%Tb
3+

is a 

potential green emitting phosphor for the application in LED and display field. 
Keywords : Bi

3+ 
Co-doping, LaInO3:Tb

3+
, Photoluminescence, Spectral overlap, Energy 

Transfer. 
 

1. Introduction 

Recently development of phosphor materials for field emission display (FED) technology is highly 
focused due to several interesting properties when compared to the traditional cathode ray tube (CRT) 

phosphors, such as high electric conductivity, low surface recombination velocities, vacuum compatibility, 

hazardlessness to cathodes, and theability to withstand high current densities[1]. However, highly efficient 
phosphors are desired for FEDs to have decrement in energy consumption, higher resistance to current 

saturation, and higher chemicalstability.Many reports [2–4] indicate that oxide based phosphors, which are 

semiconductor shave shown remarkable field emission properties. Among many semiconductor based 
oxidephosphors, Lanthanum Indium oxide (LaInO3)with a bandgap of 3.2 eV have been found to be the 

promising candidate, with sufficient conductivity to overcome the charge build-up on the phosphor 

surfaces[5,6]. Rare-earth doped LaInO3 phosphors have been reported as an alternative luminescence material 
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due to their high thermal and chemical stabilities. Silicon coated core-shell structured LaInO3: Sm

3+
, Tb

3+
 

phosphors have been used for their diverse luminescent properties[7-9].LI.vanSteenselet.al showed that 
LaInO3:Bi

3+
 is an efficient, blue-emitting phosphor material[10].  

 It is well-known that the Tb
3+

 ion is a most important green light emitting luminescent activator, the 
5
D4–

7
F5 transition peaking around543 nm leads to the predominantly green emission. Nevertheless, due to the f–

f forbidden transition, the intensities of Tb
3+

absorptionpeaks in the NUV region are quite weak and the width is 

very narrowsoa sensitizer ion which strongly absorbs excitation energy in the NUV region is necessary [11–13]. 

In order to enhance Tb
3+

 absorption in the NUV region, one of the most feasible way is to introduce(such as 
Ce

3+
, Eu

2+
, Sb

3+
 and Bi

3+
) sensitizer to transfer energy to Tb

3+
 effectively. The Bi

3+
 can serve as sensitizer in 

phosphors with their large cross- section to capture excitation energy efficiently and then transfer it to the 

activator ions (Tb
3+

 ions)[14-17].Moreover emission spectrum of Bi
3+

 ion varies from blue to green region for 
different host lattices[18]because outer 6s

2 
electronic configurations of Bi

3+
 depend strongly on their 

environmental conditions, such as covalence, coordination number and site symmetry[19-22]. 

 In this study, Bi
3+

, Tb
3+

 co-doped LaInO3 phosphors have been prepared by polyol method, and their 

structural, morphological, luminescence properties, decay lifetime, energy transfer, color chromaticity have 

been systematically studied. Bi
3+

, Tb
3+

 co-doped LaInO3 phosphors can be effectively excited by NUV(Near 

Ultra-Violet)  light and emit visible light from blue to green by changing the concentrations ratio of Bi
3+

. The 
results show that it may have potential applications in white light-emitting phosphor for display applications. 

2. Experimental details 

2.1 Preparation of the particles 

For preparation of pure and doped LaInO3 samples, La(NO3)3.6H2O [Sigma-Aldrich 99.9%], 

In(NO3)3.H2O [Alfa Aesar 99.99%], Bi(NO3).5H2O[Sigma-Aldrich 99.9%], Tb(NO3)3.6H2O [Sigma-Aldrich 

99.9%] were used as starting materials without any further purification. Polyol route was adopted for synthesis; 

ethylene glycol serves as the solvent and urea for hydrolysis. For preparing the undoped lanthanum indate 
(LaInO3), initially Stoichiometric amounts of La(NO3)3.6H2O and In(NO3)3.H2O  was transferred into a two-

necked RB flask containing solution of 20ml ethylene glycol. The solution was kept under magnetic stirring and 

continuous heating. When the temperature was at 100
o
C, around 2 gram urea was added and temperature was 

raised further to 120
o
C and kept up at this temperature for 2 hours. The formed precipitate was cooled, 

centrifuged, washed thrice with methanol, twice with acetone and allowed to dry overnight at room 

temperature. Then the samples were sintered in a muffle furnace at a temperature of 1000 °C for 5h. Finally, the 

samples are naturally cooled down to room temperature and fully ground for further investigations. The above 
procedure was repeated for the preparation of Bi and Bi-Tb LaInO3 samples by dissolving required amount of 

Bi(NO3)3.5H2O Tb(NO3)3.6H2O in ethylene glycol. 

2.2 Characterization Techniques 

X-ray diffraction (XRD) studies were carried out using a Philips powder X-ray diffractometer (model 

PW 1071) with Ni filtered Cu-K radiation. For calibration purpose, diffraction peak corresponding to the 

(111) plane of Si at a 2 value of 28.442° was employed. The lattice parameters were obtained from the XRD 
patterns using POWDERX software. SEM instrument used was from Seron Inc. (Model AIS 2100) having 
standard tungsten filament. An accelerating voltage of 20 kV and magnification of 10 kx was used for recording 

the micrographs. All luminescence measurements were carried out at room temperature with a resolution of 5 

nm, using Edinburgh Instruments FLSP 920 system attached with a 450 W Xe lamp as the excitation source. A 
micro second flash lamp and a nanosecond hydrogen flash lamp was used for lifetime measurements. 
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3. Results & Discussion 

3.1 Phase identification, Structure and Morphology 

 

 

 

 

 

 

 

 

 

Fig 1. XRD patterns corresponding to pure LaInO3, Bi
3+

 doped LaInO3, LaInO3: 3 at.% Bi
3+

, 3at.% 

Tb
3+

at 1000 
o
C 

 Fig. 1shows the diffraction patterns of the undoped and LaInO3: 3 at.%Bi
3+

, LaInO3: 3 at.% Bi
3+

, 3 at.% 

Tb
3+

nanophosphors sintered at 1000 
o
C.All X-ray diffraction patterns are indexed to pure orthorhombic phase 

(JCPDS No. 08–0148) with Pnma space group and there are no formations of impurity phases. In general the 
crystallite size is estimated from the Scherrer’s equation, Dh k l = 0.9λ/βcosθ, where D is the average crystallite 

size, λ is the X-ray wavelength (1.5406A˚ ), θ is the diffraction angle and β is the full-widths at half-maximum 

(FWHM) of observed peak (30.29
o
). The strongest diffraction peaks are used to calculate the crystallite size of 

the samples. The calculated average crystallite size is 100 nm.The lattice parameters of the synthesized 

nanophosphors calculated by least square fitting using POWDERX software are illustrated in Table 1. 

 

Fig. 2. SEM images and EDAX spectra’s of Bi
3+

, Tb
3+

 doped LaInO3 

Table.1 Unit cell parameters of LaInO3, LaInO3:Bi
3+

:Tb
3+ 
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o
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o
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o
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LaInO3 5.782 8.336 5. 999 

LaInO3:Bi
3+
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Fig. 2shows the morphology and chemical composition of LaInO3: 3 at.% Bi

3+
, 3 at.% Tb

3+ 

nanophosphors. The LIO (Lanthanum Indium oxide) powder particles are in nanometerrange and nearly all of 
the particles are spherical morphology, which agglomerate to larger material. The average particle size is 

between 100 and 200 nm. It is well known that, particles with spherical shaped (<2 µm) are of great importance 

because of their high packing density, lower scattering of light, brighter luminescent performance, high 
definition and more improved screen packing density [23].Energy dispersive X-ray spectrometroscopy (EDS) 

analysis was used to determine the composition of the samples and it shows good agreement with the nominal 

sample composition. 

3.2 Photoluminescence and Lifetime measurements 

 1, 3 and 5 % bismuth doped LaInO3 samples were heated at 1000 
o
C and also investigated for their 

emission, excitation and decay spectra. All samples have broad emission band centered at 432 nm which is 

attributed to 
3
P1 - 

1
S0 transition of Bi

3+ 
ions on excitation with 330 nm [24] and observed the intensity of the 432 

nm emission band with increasing Bi
3+

 concentration and reaches a maximum at 3 at.%, and then afterwards 
emission intensity decreases due to concentration quenching effect. The respective steady state, decay graphs 

and life time values were reported by our group previously[25]. 

 Fig. 3 represents excitation spectra of LaInO3:Tb
3+

(3 at. %) (λem monitored at 543 nm)and emission 

spectra of (excited with 330nm) LaInO3:Bi
3+

(3 at%) samples. The considerable spectral overlap of an emission 

band and the excitation band indicates an effective radiative energy transfer (ET) is possible. Therefore, it was 

expected that an efficient energy transfer can occur from Bi
3+

 to Tb
3+

. Apart from the spectral overlap, the 
evidence for the energy transfer occurring between Bi

3+
 to Tb

3+
is been explained in the flowing section. 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Spectral overlap of excitation spectra of LaInO3: Tb
3+

(3at%)  and emission spectra of 

LaInO3:Bi
3+

(3 at%) samples heated up to1000 
o
C 

 In order to further study the ET from Bi
3+

 to Tb
3+

, a series ofLaInO3: 3 at.% Bi
3+

, 1, 3, 5 at.% Tb
3+ 

 
samples have been prepared. The PL emission spectra of samples sintered at 1000 

o
C, excitation with 330 nm 

were presented in Fig. 4(a). On increasing of Tb
3+

 ions concentrations, the Tb
3+

 emission intensity persistently 

increases until the Tb
3+

 concentration is above 0.03, and then decreases because of concentration quenching 

effect, while the intensity of the Bi
3+

 emission decreases although the content of Bi
3+

wasfixed. As shown in Fig. 
4(a), the emission intensity bands of Tb

3+
were obviously enhanced as Bi

3+
 incorporated. The above variations in 

the emission intensities of the Bi
3+

and Tb
3+

ions strongly proved the occurrence of the ET from Bi
3+

 to 

Tb
3+

ions.Theexcitationspectra (Fig.4(b)) of LaInO3: Bi and Tb co-doped samples were wider than 3at% Tb 
doped LaInO3 sample indicated that the absorption band of LaInO3: 3 at.% Bi

3+
, 1, 3, 5 at.% Tb

3+ 
 samples 

consist of a Bi
3+

excitation band, which can predict that Bi
3+

 can transfer energy to Tb
3+

 in LaInO3host.The 

relative emission intensities of Tb
3+ 

ions at 543 nm and Bi
3+

ions at 432 nm as a function of Tb
3+

 concentration 
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were shown in Fig. 5(a).In order to further verify the effect of Bi

3+
 doping in enhancing the PL intensity, single 

doped Tb
3+

: LaInO3 emission spectra are shown in Fig.5(b).  

  

 

 

 

 

 

 

 

 

 

 

   (a)       (b) 

Fig. 4. Plots representing intensity of the (a) emission and (b) excitation spectra of  LaInO3: 3 at.% Bi
3+

 

(1, 3, 5 at.%) Tb
3+

. 

 

 

 

 

 

 

 

    

    

   (a)       (b) 

Fig. 5.(a) Intensity variation of Bi
3+

 as a function of  Tb
3+

 ions (b) Comparison of single doped (a) Tb
3+

 

(Ex at 286 nm and monitored at 543 nm) and LaInO3 Bi
3+

: Tb
3+

 co-doping heated up to 1000 
o
C. 

 In order to certify and investigate the ET from Bi
3+

 to Tb
3+

further,the decay curves of  Bi
3+

and Tb
3+

 

emission of LaInO3: 3 at.% Bi
3+

, 1, 3, 5 at.% Tb
3+ 

phosphors have been measured and shown in Fig. 6(a) and 

(b)respectively. The decay curves were well fitted with a double-exponential rule according to the following 
equation: 

       (
  

  
)       (

  

  
)(1) 

whereI is the luminescence intensity at the time t,   and   are two components of the decay time, A1 and A2 are 

constants.  
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According to these parameters, the average decay times of LaInO3: 3 at.% Bi

3+
, 1, 3, 5 at.% Tb

3+ 
can be 

calculated according to the following formula: 

  
       

       
 

         
(2) 

with increasing the concentrations of doped Tb
3+

, there is a decreased life time of Bi
3+

 (from 181 to 126 

ns)Fig.6(b).The decay times of corresponding Tb
3+

 are 219, 858, 772 µs shown in Fig. 6(a). The corresponding 
energy level diagram of LaInO3:Bi

3+
, Tb

3+
 with optical transitions and energy transfer process are displayed in 

Fig.7. 

 

 

 

 

 

 

 

 

 (a)        (b) 

Fig. 6(a & b). Decay curves of Tb
3+

and Bi
3+

in LaInO3 

 

 

 

 

 

 

 

 

Fig 7. Energy level diagram of LaInO3: Bi
3+

, Tb
3+

 

3.3 Energy Transfer (ET) mechanism 

 The schematic diagram of ET between Bi
3+ 

and Tb
3+

was presented in Fig. 7. Firstly, the Bi
3+

 ion was 

excited by the UV light to a high erenergy level and then relaxes to a lower energy level 
3
P1. Partial of the 

absorption energy has been released in the form of broad-band emission of 432 nm light; the other part was 
contributed by the energy transfer process from Bi

3+
 to the Tb

3+
. Subsequently, the absorbed energy can be 

transferred to the 
5
D3, which relaxed to 

5
D4 later, or directly to the 

5
D4 level of Tb

3+
. Finally, the 

5
D4 level gives 

the strong emission of Tb
3+

 (
5
D4-

7
FJ).  

The ET efficiency ηET of Bi
3+

 - Tb
3+

 can be calculated using the following equation [26]  

      
  

   
                        (3) 
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Where τs and τs0 represent the life time values of sensitizer Bi

3+
 in the presence and absence of Tb

3+
. The energy-

transfer efficiency ηET values from Bi
3+

to Tb
3+

 for LaInO3 are tabulated in Table 2. 

Table 2. ET efficiency of the phosphors 

    

 

 

 

The resonant energy-transfer mechanism from a sensitizer (Bi) to an activator (Tb) in a phosphor 

consists of two interaction types: exchange and multipolar interaction. If energy transfer takes the exchange 
interaction, the critical distance between sensitizer and activator should be shorter than 5Å. When the value 

reaches the critical transfer distance, the electric multipolar interaction will take place. The critical distance Rc 

between Bi
3+

 and Tb
3+

 in the LaInO3 host can be estimated by the following equation [27]:           

     
  

     
                             (4) 

where, V is the volume of the unit cell, Xcis the total critical concentration of dopant ions, while Z represents the 
number of the activator ions in the unit cell. Using the parameters of LaInO3 host (V = 289.63 Å

3
, Z = 2) and the 

estimated critical concentration of dopant ions (Bi
3+

-Tb
3+

) (Xc = 0.06 (As Bi
3+

 optimum is 3% written in decimal 

form 0.03, similarly for Tb
3+

 optimum is 0.03 adding together Xc = 0.06)), the critical distance RBi –Tb is 
calculated to be 16.64Å,which is much longer than 5 Å, implying that little possibility of ET via the exchange 

interaction nmechanism. Consequently, the transfer between the Bi
3+

 ions andTb
3+

 ions mainly takes place via 

electric multipolar interactions. 

 To further research the ET mechanism from Bi
3+

 to Tb
3+

 ions, it is well-know that the impurities can 

affect the luminescence properties, but it has the minute influence. Therefore, the interaction type between 

sensitizers or between sensitizer and activator can be calculated by the following equation[28]: 

/3 1[1 ( ) ]
I

K x
x

  
                   (5) 

where x is the concentration of the activator ions (Bi
3+

 and Tb
3+

 ions), I is the emission intensity, K and β are 
constants for the same excitation condition for a given host lattice, and θ is a function of multipole–multipole 

interaction. When the value of θ is 6, 8, or 10, the interaction types correspond to dipole–dipole (d–d), dipole–

quadrupole (d–q), and quadrupole– quadrupole (q–q) interactions, respectively. The dependence of log (I/x) on 
log (x) was found to be relatively linear, and it yields a straight line with a slope equal to θ/3, so we can obtain 

the θ value to study the energy-transfer process between Bi
3+

 and Tb
3+ 

in LaInO3 host. As shown in Fig. 7 the 

slope of the straight line is -θ/3 = -1.70 based on the PL data of this series of LaInO3:3at%Bi
3+

, (1, 3, 5 at %) 

Tb
3+ 

samples. The calculated value of θ is 5.10, which is close to six, meaning that the dipole–dipole interaction 
is the dominant mechanism for the interaction of Bi

3+
 and Tb

3+
 in the LaInO3 phosphors. 

 The color coordinates are shown in Fig. 9. With the increasing of Tb
3+

 concentrations, the chromaticity 
coordinates systematically change from A to C points which are shown in CIE diagram and point @ is 

representative of Bi single doped in LaInO3 phosphor. Corresponding color can be changed gradually from blue 

to green by adjusting the doping concentrations of Tb
3+

. The tuned luminous color with codoped Bi
3+

 provides a 
promising application of Tb

3+
 activated LaInO3 phosphors in LEDs and FEDs applications. 

 

 

 

Phosphor X ηET(%) 

LaInO3: 3at.%Bi
3+

, 
x Tb

3+
 

1 46 

 
3 55 

5 64 
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Conclusions 

The novel green tunable phosphors, LaInO3: Bi
3+

:Tb
3+

have been synthesized via polyol method and the 

structure, luminescence properties were investigated. TheET from Bi
3+

 to Tb
3+

 in LaInO3 host was confirmed. 

The relativeintensity of LaInO3:Tb
3+

 phosphor can be enhanced significantly withthe Bi
3+

 co-doping due to ET 
between Bi

3+
 and Tb

3+
 ions. Furthermore,the phosphor LaInO3:3at% Bi

3+
, 3at%Tb

3+
 exhibited a strong 

greenemission with good CIE chromaticity coordinate. After co-dopingBi
3+

, Tb
3+

, the color rendering, luminous 

intensity and the absorptionintensity in the ultraviolet area were improved through the ET. All theresults 
indicated that LaInO3: Bi

3+
:Tb

3+
 can be efficient green-emittingphosphors for field emission display device 

(FEDs) applications. 
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