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The present investigation aims at the synthesis of (&uwBiy)O; red phosphor materials using the
combinatorial chemistry method. We developed square-type arrays consisting of 90 compositions to obtain
the optimum composition of co-dopants in @04 host. The optimized composition was found to be
(Y2-xEuBiy)Os (x = 0.16-0.18,y = 0.08-0.10). The screening of the compositions was investigated by
analysis of the emission spectrum under 365 nm UV excitation arising from the energy transfer between
Bi®" and Ed' ions. The results of the photoluminescence excited by ultraviolet agree well with the
conventional-scale synthesis results, indicating that the combinatorial screening method is fast, reliable,
reproducible, and applicable to the study of powder materials with relatively quick calcinations at high
synthesis temperatures.

Introduction Pulse generator,
White light-emitting diodes (LEDs) have attracted interest ~LZmetfer ind fredack
because of their most challenging application as a replace- "
ment for conventional incandescent bulbs and fluorescent u

lamps? It is generally accepted that white-light generation
is likely to be achieved in one of two ways. First, blue, green,
and red diodes can be combined to yield white light, and
second, in a very cheap way, a single white LED can be
obtained from the combination of an LED chip with
phosphors. A device has been successfully developed, using -
the latter approach, by using YAG:Ce as a broadband yellow Substrate
phosphor coated on a blue LED chip. However, this phosphor NEIITLIIL
faces serious problems of thermal quenching, poor colorIl : a—
rendition, and a narrow visible range. As an alternative, a " -
novel approach has been suggested which uses a vacuum o.
near-UV excitation instead of a blue LED in combination Figure 1. Schematic diagram of the drop-on-demand inkjet
with red, green, and blue phosphors to generate white [ZEDs. 9€!lVery system
Among the various red phosphors, ZE.ujoped Y.0; is excited by 356-400 nm UV ||ght and used in white LEDs.
considered to be the most promising candidate, compared!t was observed that when the concentration of*Bons
with other sulfides$2° because of its chemical stability. Red increased gradually, the lattice constant and color purity were
phosphors (YsaElo16Biy03) (0 <y < 0.12) were synthe- increased because of the increased energy-transfer rate.
sized by homogeneous coprecipitation and solid-state reac- Recently, combinatorial chemistry has been widely applied
tions in one of our previous investigatioisWe found that ~ to the synthesis of a variety of materials, such as drugs in
the efficiency of the phosphor can be enhanced by energyPharmaceutical analysis or various inorganic functional
transfer from B¥* to EW?*. These red phosphors could be Mmaterials?™**The use of a combinatorial approach will make
it possible to search a fairly large phase space rapidly and
:To whom corresponde_nce should be addressed. E-mail: rsliu@ntu.edu.tw. exhaustively. The present investigation aims at the applica-
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tion of the liquid-state combinatorial chemistry method to

* National Synchrotron Radiation Laboratory and Structural Research h ) | i
Laboratory. the synthesis of phosphor materials. Combinatorial methods
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Figure 3. Composition map and photoluminescence photography
of the library excited under 365 nm UV light for (Y,Eu,Biy)Os.
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make it possible to rapidly synthesize, process, and analyze .
large libraries (with hundreds to thousands of members), 450 500 550 600 650 700
dramatically accelerating the rate at which these experiments
can be designed, executed, and analyzed. Thus, the aim 0}‘:_ 6. Emissi ‘ £ (Y ELBINO- (X = 0. = 0.04
this article is to further investigate our previously reported 9" ¢ ©: SMISSION SpECiim o (*,EuBi,)Os (x =0,y = 0.09),

” L iy (Y2—xEuBiy)Os (x = 0.16,y = 0), and (Y>—yEuBiy)Os (x = 0.16,
work™! on the optimization of ¥O,:Bi, Eu red phosphors  y = 0,08) phosphors measured under 365 nm UV excitation.
using the combinatorial chemistry method. To the best of

our knowledge, this is the first report to use a combinatorial . . L
chemistry mgtlethod to study Et a?nd B#* ions co-doped independent piezoelectric inkjet heads and theYXstage

. . are controlled by the computer via the driving circuit and
efficiently in a Y205 host, motor controller. Each inkjet head is connected to a suspen-
sion reservoir through a tube, and the substrate with a
microreactor array is fixed on the stage. Moreover, the

The schematic diagram of the drop-on-demand inkjet emission spectra of the samples in the library were measured
delivery system developed is shown in Figure 1. The eight using an automatic system. The main parts of the system

Wavelength (nm)

Experimental Section
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Table 1. Crystallographic Data for (X-xEuBiy)Os (x = 0.16,y = 0.16) Phosphor, Constraints on Atomic Position, &hg?

atoms X y z occupancy Uiso (A2
Y(1) 0.25 0.25 0.25 0.84 2.89(6)
Eu(1) 0.25 0.25 0.25 0.08 2.89(6)
Bi(1) 0.25 0.25 0.25 0.08 2.89(6)
Y(2) —0.0309 (6) 0 0.25 0.84 2.67(3)
Eu(2) —0.0309 (6) 0 0.25 0.08 2.67(3)
Bi(2) —0.0309 (6) 0 0.25 0.08 2.67(3)
o 0.3917(4) 0.1510 (5) 0.3807(4) 2.80(2) 2.80(2)
reliability factors interatomic distances (A)
space group a3 (Cubic) 22 0.68% M(1)-M(1) (x3) 3.5506(4)
cell params a=b=c=10.6822(9) A R, 1.82% M(1}-M(1) (x3) 4.0174(5)
a=pf=y=90° Rup 3.11% M(1}-M(2) (x2) 3.5493(4)
cell vol 1218.93(2) A M(1)—M(2) (x2) 4.0310(4)
M(1)—O (x2) 2.2877(2)
M(1)—O (x2) 2.3150(2)
M(1)—O (x2) 2.3566(2)
M(2)—0 (x2) 2.2884(2)

aY = Eu=Bi; M =Y, Eu, and Bi.

consist of an Hg Lamp, a portable optical fiber spectrometer selected bond lengths are given in Table 1. The atomic

(Ocean Optics, Inc., model SD2000), and an ¥ stage. position of M(1) (M =Y, Eu, and Bi) corresponds to the

More details can be found in a previous repdrVith the 24d site withC, symmetry which does not have inversion

aid of a homemade inkjet delivery system, precursors symmetry, and the atomic position of M(2) (M Y, Eu,

(>99.99% purity) such as 0.1 M Y(Ng-6(H.0), 0.01 M and Bi) is the 8b site witlss symmetry which has inversion

EwOs;, and 0.01 M Bi(NQ)s-5(H.0) were dissolved in nitric ~ symmetry. As seen from Table 1, the firRalfactors of the

acid and deionized water. Then the correct amount of eachrefinement areR, = 1.82%, R, = 3.11%, andy = 0.86

solution was collected in an AD; ceramic substrate accord- and the lattice constants ase= b = ¢ = 10.6822 (9) A.

ing to the composition map with the assistance of a computer The composition map and luminescent photograph of

programmed inject system. The substrates containing thethe (Y.-xEuBiy)Os library under 365 nm UV excitation are

solutions were first dried at 100C for 1 h in anoven and shown in Figure 3. The square-type arrays consist of 90

then placed in an electric furnace where the temperature wascompositions with co-doped different Eucontents from

slowly increased to 508C at the rate of 3C min~*. Finally, x = 0 to 0.18 and Bi* contents fromy = 0 to 0.16. The

the dried samples were pulverized and successively sinteredamp light was illuminated evenly over the library to obtain

at 1300°C for 3 h in anambient atmosphere. a relative comparison. It is apparent that the color change
Some of the chosen samples among those in the libraryis from blue— violet — pink — red with increasing Eu

were taken out of the AD; ceramic substrate and then content.

examined by synchrotron X-ray diffraction (XRD) analysis Figure 4 presents the emission spectra of (FuBi,)Os

with a large Debye Scherrer camera installed at the BLO1C2 (y = 0.04), which varies with the Eticontent in the library.

beam line at the National Synchrotron Radiation Research The normalized intensity from = 601622 nm according

Center (NSRRC) in Taiwan. The synchrotron XRD data were to Figure 4 is also shown in the inset. When phosphors were

collected in a 2 range from 0.16 to 45with a step interval excited under 365 nm, because of the energy transfer from

of 0.02° and1 = 0.7749 A. The GSAS prograffwas used  Bi3* to EW**, Bi®* acted as a sensitizer for Euemission,

for the Rietveld refinements to obtain information on the and these emission spectra consist of lines in the red region

crystal structures of (¥.xEuBiy)Os, of the spectra corresponding to the transition from the excited

Doto 'D; (3 =0, 1, 2, 3, 4) of the EY ion.Y” The most

intense line at 612 nm corresponds to the hypersensitive
Figure 2 shows a typical example of matrix samples of transition between theD, to D, level of the Ed* ion. In

the experimental, calculated, and difference synchrotron XRD addition, as can be seen in Figure 4, the intensity increased

patterns of (¥-xEuBiy)Os (x = 0.16,y = 0.16) at 300 K with increasing E® content, and the maximu intensity

with 1 = 0.7749 A. An ideal crystal structure is also shown observed is fox = 0.16-0.18, which is in good agreement

in the inset. The observed peaks can be indexed on the basisvith results using the traditional solid-state reaction method

of a cubic unit cell (space grou@3). However, we could from one of our previous studiés.The result indicates

not obtain the occupancy refinements for complex cation that an appropriate amount of Euvas properly doped into

substitution because of the difficulty in using the X-ray the Y,O3; matrix and formed homogeneous material in the

powder diffraction data resulting from instrumental limits. library.

Here, we assume that the Ewand B ions substituted into Figure 5 presents the emission spectra of (FuBi,)Os

the Y3* sites follow an ideal distribution. We therefore kept (x = 0.16), which varies with the Bicontent in the library.

the values of occupancies constant for the (Y, Eu, Bi) sites The normalized intensity fromh = 601—622 nm according

in our data refinements. The final structural parameters andto Figure 5 is also shown in the inset. The concentration

Results and Discussion
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quenching effect is clearly exhibited as evident from Figure of Economic Affairs of Taiwan (Grant 95-EC-17-A-078-S1-
5, and the Bi" concentration of maximum intensity is found 043) for financial support.

iny = 0.08-0.10, which is similar to the findings in one of
our previous reports (Bi = 0.06)!* Therefore, the optimum
composition was found to be {(Y,EuBIy)Os (x = 0.16—
0.18,y = 0.08-0.10) using the combinatorial chemistry
method.

Figure 6 shows the emission spectra of (EuBiy)Os (X
= 0,y = 0.04), (Y2xEuBiy)O; (x = 0.16,y = 0), and
(Y2-xEuBiy)Os (x = 0.16,y = 0.08). It is well-known that
the efficiency of the phosphor can be greatly enhanced by
the energy transfer from tH&, — 3Py transition of the Bi*
ion to the EG" ion.1¥1° Here, we can get a good understand-
ing of the energy transfer by comparing the three emission
spectra. For (¥-xEuBiy)Os (x = 0, y = 0.04), the broad
peak located at about 45850 nm was observed clearly and
is caused by the blue-green light radiated by th& Bin.
Thus, in the (¥-xEuBiy)Os (x = 0.16,y = 0) sample, we
did not find this phenomenon. Moreover, in the(EUBI,)Os
(x = 0.16, y = 0.08) sample, with Bi" concentration
increased ty = 0.08, the most intense line at 612 nm was
significantly increased. Such an observation could be key
evidence for the effective energy transfer froni'Bio EL?*.

Conclusion
Red phosphors (¥ «EuBiy)Os (x = 0-0.18,y = 0—0.16)
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