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Synthesis of a new phosphor based on rare earth oxycarbonate
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Abstract

A new synthesis route to easily obtain the II-type lanthanum oxycarbonate in a single phase has been developed by using a simple
flux method, and photoluminescence properties of Eu3+- or Tb3+-doped La2O2CO3 were characterized. These new phosphors, the II-type
La2O2CO3:Eu3+ and La2O2CO3:Tb3+, were synthesized by the calcination with a flux in a flow of 10%CO2–90%N2 gas, where lithium carbonate
or a 0.476Li2CO3–0.270Na2CO3–0.254K2CO3 eutectic mixture was employed as the flux. The higher emission intensity was observed by
employing the Li2CO3–Na2CO3–K2CO3 eutectic system, which has a considerably lower melting point (663 K) than that of Li2CO3 (999 K).
The red and green emission intensities became maximum at the composition of LaO CO :6at.%Eu3+ and LaO CO :17at.%Tb3+, and the
r ely.
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elative emission intensities compared with the commercial Y2O3:Eu3+ and LaPO4:Ce3+,Tb3+ phosphors were 22.5 and 60.0%, respectiv
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. Introduction

It is well known that trivalent rare earth ions have sharp line
mission spectra because the 4f-elecrons are well shielded

rom the surroundings by the filled 5s and 5p orbitals. There-
ore, rare-earth-doped phosphors have been widely studied
or application to luminescent materials. As host crystalline
hosphor materials, rare earth oxides such as Y2O3, which

s commonly used as a host material of red phosphor in the
ricolor fluorescent lump and color displays, was vigorously
nvestigated. As well as rare earth oxides, various rare earth
ompounds such as borates, phosphates, and aluminates
ave been also extensively investigated as host lattices

1].
It is known that rare earth oxycarbonates have three dif-

erent structures such as tetragonal (I-), monoclinic (Ia-), and
exagonal (II)-RE2O2CO3 (RE: rare earths). The structure
f the phases I and Ia bears very close resemblance to the
are earth oxysalts such as oxyhalides, oxysilicates, oxysul-
ates, and oxymolybdates, while the phase II is similar to the

∗

conventional A-type rare earth sesquioxides which are
known as good hosts of phosphors[2]. Among these struc
tures, the II-type is the most suitable for the host mat
of phosphors because it has the highest thermal stabilit
durability against water and carbon dioxide. However, lu
nescent properties of Eu3+-activated RE2O2CO3 have bee
reported only for the Ia-type material[3].

In the series of rare earth oxycarbonates, lanthanum
carbonate (La2O2CO3) is the most appropriate compound
a host material, because it has the highest thermal sta
among the several rare earth oxycarbonates, and two me
have been reported for the preparation of La2O2CO3 [2]. One
is the thermal decomposition of lanthanum compounds
taining both carbon and oxygen such as oxalates and ace
and the other is the reaction of lanthanum oxide with C2.
However, it is difficult to obtain the II-La2O2CO3 in a single
phase by the conventional methods described above, be
the I- or Ia-type oxycarbonates are produced by the the
decomposition of oxalates and acetates or it is necess
heat lanthanum oxide at 773 K for a week under humid2
to obtain type II oxycarbonate[2,3].

In our previous work, on the contrary, we have fou
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talline II-type lanthanum oxycarbonate in a single phase
by using lithium carbonate as a flux, and photolumines-
cence properties of the Eu3+-doped La2O2CO3 were char-
acterized[4]. In the present study, we have successfully
synthesized the II-type Tb3+-doped La2O2CO3 in a sin-
gle phase by the flux method. Furthermore, we have suc-
ceeded in increasing the emission intensities of the II-type
La2O2CO3:Eu3+ and La2O2CO3:Tb3+ by employing the
0.476Li2CO3–0.270Na2CO3–0.254K2CO3 eutectic system
as the flux.

2. Experimental

An aqueous solution of stoichiometric mixture of
1.0 mol L−1 La(NO3)3 and 0.2 mol L−1 Eu(NO3)3 or
0.1 mol L−1 Tb(NO3)3 was dropped into 0.5 mol L−1 oxalic
acid aqueous solution. The amount of Eu3+ or Tb3+ was
adjusted between 2 and 21 at.%. The precipitate was filtered
and washed for three times with distilled water. After dry-
ing at 353 K, the sample was calcined at 873 K for 6 h in air.
The calcined sample was mixed with 10 mol% Li2CO3 or
50 mol% 0.476Li2CO3–0.270Na2CO3–0.254K2CO3 (these
ratios were optimized to give the highest emission intensities)
and heated at 873 K for 12 h in a flow of 10% CO2 diluted
with N gas. Then, the sample was washed again for three
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Fig. 1. X-ray powder diffraction patterns of standard II-type
La2O2CO3 (a), La2O2CO3:6at.%Eu3+ prepared with Li2CO3 (b) or
Li2CO3–Na2CO3–K2CO3 (c), and La2O2CO3:17at.%Tb3+ prepared with
Li2CO3 (d) or Li2CO3–Na2CO3–K2CO3 (e).

ples prepared using the Li2CO3–Na2CO3–K2CO3 eutectic
system from the X-ray fluorescence analysis. In our previous
work, however, it has been elucidated that a small amount of
flux species remained in the sample did not affect the lumi-
nescence properties[4].

SEM images of the samples prepared with Li2CO3 and
Li2CO3–Na2CO3–K2CO3 are depicted inFig. 2 with com-
mercially available Y2O3:Eu3+ and LaPO4:Ce3+,Tb3+ phos-
phors. The average particle sizes estimated by measuring the
diameters of 100 particles on the SEM photographs were
3.1 and 2.7�m for the Y2O3:Eu3+ and LaPO4:Ce3+,Tb3+,
respectively, whereas those of the La2O2CO3:6at.%Eu3+

and La2O2CO3:17at.%Tb3+ prepared with the Li2CO3 flux
were 1.03 and 0.77�m, respectively. In addition, the particle
became smaller and more homogenous by the flux treatment
with the Li2CO3–Na2CO3–K2CO3 eutectic mixture. The
mean particle sizes were 0.58�m for La2O2CO3:6at.%Eu3+

and 0.65�m for La2O2CO3:17at.%Tb3+, which were less
than a quarter of that of the commercial phosphor.

Fig. 3 represents the relationship between the lumines-
cent intensity of the La2O2CO3:M3+ (M = Eu or Tb) par-
ticles and the atomic concentration of the activator (Eu3+

or Tb3+). The maximum red and green emission intensities
were obtained at the compositions of La2O2CO3:6at.%Eu3+

and La2O2CO3:17at.%Tb3+, and the relative emission inten-
sities compared with the commercial YO :Eu3+ and
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imes with distilled water and once with ethanol, and drie
oom temperature. The crystal structure of samples was
ified by X-ray powder diffraction (XRD, Rigaku Multiflex
nalysis and the sample composition was determined b
ay fluorescence (Rigaku ZSX100e) analysis. Morpholog
he particles was characterized by means of scanning ele
icroscopy (SEM, Hitachi S-4300SD). Photoluminesce

xcitation and emission spectra of samples were measu
oom temperature with a spectrofluorometer (Shimadzu
300PC). The emission spectra were recorded for excit
t 254 nm, and the excitation spectra were recorded by
uring the emission at 612 nm for Eu3+ or at 543 nm for Tb3+.
he relative emission intensities of the La2O2CO3:Eu3+ and

he La2O2CO3:Tb3+ phosphors were estimated by compa
he integrated areas of the emission peaks at 612 nm (5D0-7F2
ransition of Eu3+) and 543 nm (5D4-7F5 transition of Tb3+)
ith those of the commercial Y2O3:Eu3+ and LaPO4:Ce3+,
b3+ phosphors, respectively.

. Results and discussion

Representative XRD patterns of La2O2CO3:6at.%Eu3+

nd La2O2CO3:17at.%Tb3+ prepared with the flux of Li2CO3
r Li2CO3–Na2CO3–K2CO3 eutectic system are shown
ig. 1. All samples were identical to a single phase of

ype La2O2CO3 and any impurity peaks were not observ
his result shows that the Eu3+ and Tb3+ ions substituted th
a3+ site whose symmetry was C3v [2]. A small amount o
a and K remained (≤1 mol%) was identified in the sam
2 3
aPO4:Ce3+,Tb3+ phosphors were 22.5 and 60.0%, resp

ively. The excitation at 254 nm causes charge transfer
2− to Eu3+ in the case of La2O2CO3:Eu3+ and transition
etween 4f8 and 4f7 5d states of Tb3+ in La2O2CO3:Tb3+.
his might be one of the possible reasons for the co
rable difference between the relative emission intensi
a2O2CO3:Eu3+ and that of La2O2CO3:Tb3+.

Fig. 4 illustrates the excitation spectra of Eu3+ and
b3+ emission in La2O2CO3 prepared with Li2CO3
nd Li2CO3–Na2CO3–K2CO3. The excitation spectra
a2O2CO3:6at.%Eu3+ consists of a strong broad peak w
maximum at 280 nm, corresponding to charge tran
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Fig. 2. SEM photographs of the samples: La2O2CO3:6at.%Eu3+ prepared with (a) Li2CO3 and (b) Li2CO3–Na2CO3–K2CO3; (c) commercial Y2O3:Eu3+;
La2O2CO3:Tb3+ prepared with (d) Li2CO3 and (e) Li2CO3–Na2CO3–K2CO3; (f) commercial LaPO4:Ce3+,Tb3+.

Fig. 3. Luminescent intensity variation of the La2O2CO3:Eu3+ (�) and
La2O2CO3:Tb3+ (�) particles prepared with the Li2CO3–Na2CO3–K2CO3

flux as a function of the atomic concentration of europium and terbium ion.

state (CTS) of Eu3+ and some weak peaks in the region
of 350–400 nm. The peaks result from transitions between
the ground state and the excited levels of 4f6 configuration
[5,6], and these peaks shifted to shorter wavelength by using
eutectic mixture as the flux. The excitation spectra of the

Fig. 4. Excitation spectra of the La2O2CO3:M3+ (M = 6at.%Eu or
17at.%Tb) samples prepared with Li2CO3 (broken line) and with
Li2CO3–Na2CO3–K2CO3 (solid line).

La2O2CO3:17at.%Tb3+ also consist of a broad band with
a maximum at 260 nm, corresponding to the energy transi-
tion from the 4f8 to 4f75d configuration of the Tb3+ [6]. The
small peaks in the range of 310–390 nm are assigned to tran-
sitions between the energy levels of the 4f8 configuration. In
both samples, excitation peak intensity is increased by apply-
ing the Li2CO3–Na2CO3–K2CO3 eutectic mixture instead of
Li2CO3.

Fig. 5 shows the emission spectra of La2O2CO3:6at.
%Eu3+ and La2O2CO3:17at.%Tb3+ prepared using Li2CO3
or Li2CO3–Na2CO3–K2CO3. Characteristic luminescence
corresponding to the5D0 → 7FJ transition of Eu3+ and
the 5D4 → 7FJ transition of Tb3+ are observed. Simi-
lar to the results of the excitation spectra described in
Fig. 4, the emission intensity increased by using the
Li2CO3–Na2CO3–K2CO3 flux, although the particle size
becomes smaller than that of the samples prepared with
Li2CO3. These differences can be clearly explained from
the melting point of these two fluxes. The melting points of

F r
1
L

ig. 5. Emission spectra of the La2O2CO3:M3+ (M = 6at.%Eu o
7at.%Tb) phosphors prepared with Li2CO3 (dotted line) and with
i2CO3–Na2CO3–K2CO3 (solid line).
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Li2CO3 and the 0.476Li2CO3–0.270Na2CO3–0.254K2CO3
eutectic system are 999 K[7] and 663 K[8], respectively.
When the flux treatment is carried out at 873 K, the for-
mer is still in a solid state but the latter completely melts
to be the molten state. The surface of the oxycarbonate
covered with the eutectic molten salt partly dissolves into
this liquid phase, diffuses to the particle-particle contact
points, and precipitates there again. As a result, the surface
defects are eliminated effectively by the liquid flux treat-
ment and higher emission intensity is observed by using the
0.476Li2CO3–0.270Na2CO3–0.254K2CO3 flux.

4. Conclusions

New red and green phosphors, II-type La2O2CO3:Eu3+

and La2O2CO3:Tb3+ were synthesized as a sin-
gle phase by the flux method using Li2CO3 and
0.476Li2CO3–0.270Na2CO3–0.254K2CO3. The emission
intensity of these phosphors was increased by employing
Li2CO3–Na2CO3–K2CO3 rather than Li2CO3, even if the
particle size became smaller. The maximum emission was
obtained at the compositions of La2O2CO3:6at.%Eu3+

and La2O2CO3:17at.%Tb3+, and the relative intensities
compared with the commercial Y2O3:Eu3+ and LaPO4:Ce3+,
Tb3+ phosphors were 22.5 and 60.0%, respectively.

Acknowledgements

The authors sincerely thank Dr. Ken-ichi Nakayama and
Prof. Dr. Masaaki Yokoyama (Osaka University) for their
assistance with the SEM observation. This work was sup-
ported by the Industrial Technology Research Grant Program
in 02 (Project No. 02A27004c) from the New Energy and
Industrial Technology Development Organization (NEDO)
based on funds provided by the Ministry of Economy, Trade
and Industry, Japan (METI).

References

[1] C.H. Kim, I.E. Kwon, C.H. Park, Y.J. Hwang, H.S. Bae, B.Y. Yu,
C.H. Pyun, G.Y. Hong, J. Alloys Compd. 311 (2000) 33.
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