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Abstract 
Modified-polyol protocol was utilized for synthesis 

of green-emitting (5D4-7Fj transitions of Tb3+ ion) 
nanocrystalline LaPO4:Ce3+,Tb3+ phosphors. 
Experimental parameters including chemical 
composition and annealing temperature were 
optimized to produce highly efficient, uniformly sized 
nanophosphors. Spin-deposited layer of 
LaPO4:Ce3+,Tb3+ nanophosphors on glass substrate 
exhibited a transmittance of more than 80 %, 
indicating their efficacy for transparent display. 

 
 

1. Introduction 
 

 In plasma display panels (PDPs), three phosphors 
excited at 147 nm emit red, green and blue light by 
discharging xenon/neon gas. Among these phosphors, 
green phosphors have been widely investigated, and 
Zn2SiO4:Mn with a long decay time is currently 
commercialized. Alternatively, Ce3+ and Tb3+ co-
doped lanthanum orthophosphate (LaPO4:Ce3+,Tb3+) 
has been intensely studied because it possesses 
excellent properties such as chemical, thermal 
stabilities and high quantum efficiency. 
LaPO4:Ce3+,Tb3+ is a highly efficient phosphor due to 
an efficient energy transfer from Ce3+ to Tb3+ [1]. It 
can be applied to plasma display panels and 
fluorescent lamps as a green-emitting component. For 
the application of nano-sized LaPO4:Ce3+,Tb3+ 
phosphors to transparent PDPs, their particle size, 
shape, and degree of agglomeration should be 
carefully controlled. According to Mie’s theory, even a 
low number of aggregates would cause a significant 
scattering effect [1,2]. Therefore, the formation of thin 
uniform luminescent layer consisting of nano-sized 
spherical nanophosphors is a prerequisite task in order 
to ensure as high transparency as possible. Here, a 
highly transmissive LaPO4:Ce3+,Tb3+ nanophosphor 

layer is reported for the potential application to 
transparent PDPs.  

 
2. Experimental  

 
Nanocrystalline lanthanum orthophosphates co-

activated with Ce3+ and Tb3+ ions were synthesized by 
a modified-polyol process. The starting materials were 
La nitrate (3.87 mmol), Ce nitrate (3.87 mmol), Tb 
nitrate (1.93 mmol), phosphoric acid (9.67 mmol), 
citric acid and polyvinylpyrrolidone (PVP). 
Stoichiometric amount of these materials were 
dissolved in de-ionized water and stirred for 12 hr at 
room temperature. This solution was heated at 80oC 
for 2 hr and subsequently heated to 150oC for 12 hr in 
an oven. The resulting solidified powders were 
grinded and then post-annealed at 800−1200oC for 4 
hr in an air atmosphere. 

 
 

3. Results and discussion 
 

The X-ray diffraction (XRD) pattern and SEM 
image of La0.4PO4:Ce0.4,Tb0.2 nanocrystalline 
phosphors are shown in Fig. 1(a) and (b), respectively. 
The XRD patterns of the nanophosphors post-
annealed at 800oC and 1200oC showed similar XRD 
patterns with that of 1000oC-annealed sample. The 
representative XRD pattern of 1000oC-annealed 
phosphor can be well-indexed with JCPDS no. 84-
0600, consistent with a LaPO4 phase of a monoclinic 
structure (space group P21/n) [3]. The particle size of 
1000oC- annealed sample can be calculated from the 
Scherrer’s equation, D=0.941λ/βcosθ, where D is the 
average grain size, λ is the X-ray wavelength 
(0.15405nm), θ and β are the diffraction angle and 
full-width at half-maximum (FWHM, in radian) of 
observed peak, respectively [4]. Using the highest 
intensity XRD peak at 2θ=28.82o, an average grain 
size (D) was calculated to be about ~40 nm. The SEM 
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image in Fig. 1(b) shows that particles are a nearly 
spherical shape and their size is consistent with that 
calculated from XRD broadening. 
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Fig. 1. (a) Typical X-ray diffraction pattern and (b) 

SEM image of La0.4PO4:Ce0.4,Tb0.2 
nanocrystalline phosphors annealed at 
1000oC.  

 
Fig. 2 shows the effect of annealing temperature 

(800−1200oC) on photoluminescent (PL) emission 
properties of La0.4PO4:Ce0.4,Tb0.2 nanophosphors. The 
PL emission intensity at 543 nm increased with an 
increasing annealing temperature from 800 to 1000oC 
due to an improved crystallinity. 1200oC-annelaing 
gave similar PL results with 1000oC-annelaing. Since 
1200oC-annealing generally produced a larger particle 
size, the annealing temperature was fixed to be 
1000oC hereafter considering the particle size and 
luminescence intensity. 

Fig. 3(a) and (b) show PL properties of 1000oC-
annealed LaPO4:Ce3+,Tb3+ nanocrystalline phosphors 
as a function of host composition with a fixed Ce/Tb 
ratio of 2. As shown in the PL excitation spectra of 
Fig. 2(a), the excitation band is attributed to the 
4f05d1-4f1 absorption of Ce3+ ion, and through a 
subsequent energy transfer from Ce3+ to Tb3+ ion, Tb3+ 
ion generates intense characteristic green emissions 
due to 5D4→7FJ relaxation. In PL emission spectra 
(Fig. 2(b)), the emission peaks at 488, 543, 585, and 

620 nm can be assigned to the 5D4-7F6, 5D4-7F5, 5D4-
7F4, and 5D4-7F3 transitions of Tb3+ ion, respectively. 
The PL emission intensity of LaPO4:Ce3+,Tb3+ was in 
the order of lanthanum composition of 0.4, 0.5, 0.3, 
showing the highest emission intensity from 
La0.4PO4:Ce0.4,Tb0.2 composition. 
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Fig. 2. Comparison of PL emission spectra of 

La0.4PO4:Ce0.4,Tb0.2
 nanophosphors as a 

function of annealing temperature (800-
1200oC) 
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Fig. 3. (a) PL excitation and (b) emission spectra of 

1000oC-annealed LaPO4:Ce3+,Tb3+ 
nanophosphors as a function of host 
composition with a fixed Ce/Tb ratio of 2. 
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Fig. 4 shows the PL emission spectra of 
LaPO4:Ce3+,Tb3+ nanophosphors as a function of 
Ce/Tb concentration ratio, and it was found that PL 
emission intensity increased with an increasing Tb3+ 
concentration up to 0.2 molar fraction, and then 
rapidly decreased at 0.3 molar fraction due to the 
concentration quenching. Excessive Tb concentration 
would reduce the spacing between Tb ions, thereby a 
higher probability of resonant energy migration 
between Tb ions results [3]. 
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Fig. 4.  PL emission spectra of LaPO4:Ce3+,Tb3+ 

nanophosphors annealed at 1000oC as a 
function of Ce/Tb ratio. 
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Fig. 5. (a) Comparison of UV-visible transmittance 
spectra of bare glass and nanophosphor 
layer-coated glass. (b) SEM image of 
spin-coated nanophosphor layer surface. 

To evaluate the efficacy of LaPO4:Ce3+,Tb3+ 

nanophosphors for transparent display, the samples 
were ultrasonically dispersed into 2-methoxyethanol, 
and deposited by spin coating onto bare glass. As 
shown in transmittance spectra (Fig. 5(a)), 
LaPO4:Ce3+,Tb3+ nanophosphor-coated glass showed 
a high optical transmittance of above 80% in the 
entire visible region. As shown in Fig. 5(b) of the 
surface morphology of coated nanophosphor layer, 
the layer showed a more or less discontinuous 
surface coverage. Better surface coverage of 
nanophosphors should be achieved by preparing a 
more stable nanophosphor coating solution and by 
optimizing coating conditions, which are in progress. 

 
4. Summary 

 
Modified-polyol protocol was used for synthesis of 

green-emitting LaPO4:Ce3+,Tb3+ nanophosphors. 
Synthesis of LaPO4:Ce3+,Tb3+ nanophosphors with an 
average diameter of about ~40 nm was optimized 
through the control of phosphor composition and 
annealing temperature toward the highest luminescent 
efficiency, which was obtained from 1000oC-annealed 
La0.4PO4:Ce0.4,Tb0.2 nanophosphors. Nanocrystalline 
LaPO4:Ce3+,Tb3+ phosphor was preliminarily utilized 
to form a transparent phosphor layer via a simple spin 
coating. Uniform nanophosphor emissive layer on 
glass substrate was deposited and a high transmittance 
of above 80% in the visible region resulted.  
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