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A series of novel borates, MM'4(BOs); (M = Li, M' = Sr; M = Na, M' = Sr, Ba), have been successfully synthesized
by standard solid-state reaction. The crystal structures have been determined from powder X-ray diffraction data.
They crystallize in the cubic space group /a3d with large lattice parameters: a = 14.95066(5) A for LiSr4(BO3)s,
a = 15.14629(6) A for NaSr4(BO3)s, and a = 15.80719(8) A for NaBau(BOs)s. The structure was built up from 64
small cubic grids, in which the M" atoms took up the corner angle and the BOs triangles or MOg cubic octahedra
filled in the interspaces. The isolated [BOsJ*~ anionic groups are perpendicular to each other, distributed along
three [100Cdirections. The anisotropic polarizations were counteracting, forming an isotropic crystal. Sr and Ba
atoms were found to be completely soluble in the solid solution NaSr,—BaxBOs3); (0 < x < 4). The
photoluminescence of samples doped with the ions Eu?* and Eu®* was studied, and effective yellow and red
emission was detected, respectively. The results are consistent with the crystallographic study. The DTA and TGA
curves of them show that they are chemically stable and congruent melting compounds.

Introduction in lamps for medical applications and skin tannirBecause

_ of the similar radii and same valence with*Sand B&",
Inorganic borates have long been a focus of research forEu2+ is easy to replace some sites of Sr and Ba atoms in

their variety of structure type, wide spectrum with high  orvqta) cell and then photoluminescence can be found in
damage threshold, and high optical quality. Studies of alkali- the doped compounds. These properties depend on the crystal
metal and alkaline-earth-metal borates have produced alargestructures of these borates with a variety of BO atomic
family of compounds with outstanding physical propertf€s. 0105 The various structures and properties inspirit us to
Recently, photoluminescence are found in many rare earthexplore more borates in the systems#M'O—B,0; (M

ion doped alkaline-earth-metal borate$: Some have been  _ | Na: M' = Sr Ba) to search for new functional
used as useful phosphors, such as UV-emittintf 81B,0- materials. Six new compounds, LifBOs)s, NaSk(BOs)s,

NaSrBQ, NaSrBsO;0, NaSrB0O,, and NaBaBOs); were
synthesized successfully. The powder XRD patterns of them
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Table 1. Crystallographic Data, Experimental Details of X-ray Powder Diffraction, and Rietveld Refinement Data fgBIOg&, NaSu(BO3)s, and

NaBa(BOs)3
param LiSE(BOs3)3 NaSu(BOs3)3 NaBa(BOs)3

fw 533.85 549.85 748.68
cryst system cubic cubic cubic
space group la3d la3d la3d
a=b=c(A) 14.95066(5) 15.14629(6) 15.80719(8)
V (A3) 3341.80(3) 3474.71(4) 3949.69(6)
z 16 16 16
dc (g cnd) 4.243 4.203 5.034
diffractometer MXP21VAHF/M21X, MAC Science MXP21VAHF/M21X, MAC Science MXP21VAHF/M21X, MAC Science
radiatn type Cu Ka CuKa Cu Ka
wavelength (A) 1.5418 1.5418 1.5418
profile range (deg in @) 10-130 16-120 10-120
step size (deg in@® 0.02 0.02 0.02
no. of observnsN) 6000 5500 5500
no. of contributg reflcns 502 (& + Koy) 452 (Ko + Kow) 509 (Ko + Kaw)
no. of struct paramd™) 12 12 12
no. of profile paramsR.) 16 16 16
Reragg (%) 7.00 7.16 7.43
Rp (%)2 6.09 8.62 10.6
Rup (%0)2 8.11 12.4 14.4
Rexp (%0)2 3.14 3.47 8.57
S2 2.6 3.6 1.7

aNote: Ry = Y |Vio — Yicl/Y IViol, Rup = [ZWi(Yio — Yi)IWiyioZ] ¥ Rexp = [(N — P1 - P2)/Twiyic?]¥2, andS = F[Wi(Yio — Yi)(N — Py - Po) ]*2

crystal system. But in borate, especially when the funda- To exploit the possibility of using the Li%BOs)s, NaSu(BOs)s,
mental building unit is anisotropic polarized planar 8O and NaBa(BOs); as a host of luminescent materials, a series of
groups, isotropic crystals can be expected only if the;BO Eu-doped s+amples LlﬂBoa)aixEUz:, LiSry(BOg)s:XEW*", NaSt-
groups are distributed in a particular manner. Just as that('-blécu);z?x'fu3 »and Na§§303)3:x.t5'“sl Wetr? r;]r_epar'teq. LlszO?)Bl’:]' A
for the three new compounds, isolated [BO anionic ~ Y=Y WETe prepared rom Surable SIoIehiomenic rano ot nigh-
groups are perpendicular to each other, distributed along thepUIrIty Li,COs (AR), SICQ, (AR), ELOs (99.99%), and B8O,

000 directi d anisotropi larizati (>99.99%). The well-mixed mixture was baked at 6@in a H
Irections, and anisotropic polarizations were coun- (8%) + Ar (92%) reducing atmosphere for 8 h. The baked sample

tergcted. Beyond Fhe three isostructural novel compounds, a,,,4 thoroughly ground and baked again at 90in the same
solid solution region NagrBa(BOs); (0 = X =< 4) was  atmosphere for 48 h. Etrdoped LiS§(BOs)s, NaSk(BOs)s, and
confirmed as existing. NaBa(BOg3); samples were prepared with the same reagents by
In addition, because of the similar radius of Eu ion and heating mixtures in air.
Sr/Ba ions, photoluminescence was expected in tie &nd Structure Determination. The data for LiS{(BOs)s used for
Ew?* doped new compounds. The broad-band luminescencestructure determination were collected oveifar@nge of 16-130°
afssdt — 4f7 of EW* is strongly host dependent with ip the step scan mode with a step size of 0.82d a measurement
emission wavelengths extending from the UV to the red time of 1 s/step atroom temperature, and the data for N@S)

- . - and NaBa(BOs); used for Rietveld refinement were collected from
zo\gl?a r;igf;;rzfepri(}trlgg'tﬁast ff'gaaﬁngogéflitgr?:g: ;tnf::lls 10 to 120 in the same mode. Additional technical details are given

. L . in Table 1. The diffraction patterns of the three compounds were
quantity of doping is expected to be successful. In this study,

. A A indexed using DICVOL913 This gave out an cubic unit cell with
the photoluminescence of Eudoped LiSKBOs)s and Ed'- a=14.941(2) A for LISKBOs)s, a = 15.138(5) A for NaS(BO3)s
dOpEd MM4(BO3)3 (M = Li, M'"=Sr; M= Na, M = Sr,

anda = 15.796(2) A for NaB#BOs)s. The systematic absences
Ba) was investigated. of hklwith h + k + 1 = 2n+ 1, Okl with k = 2n 4+ 1 andl = 2n
+ 1, hhlwith 2h + | = 4n + m, andh00 withh =4n + m(m=
1—3) suggest that the possible space groufa®s. All the three
compounds are isostructural.

The whole pattern of LiS(BO3); was decomposed using the
Fullprof program* on the Le Bail method® and a total of 397
independentlF,| values were extracted. The finally agreement
factors converged tBs = 2.62%,R, = 5.62%,R,, = 8.29%, and
Rexp = 3.17%. Lattice parameters were refined tcalze 14.95093-
g8) A. Direct method were applied with the SHELXL97 program
packagé® to the extractedF,|. According to the atom distances,

Experimental Section

Solid-State Synthesesolycrystalline samples MM(BOg3)3 (M
= Li, M' = Sr; M = Na, M' = Sr, Ba) were prepared by using
sintering at high-temperature solid-state reaction. Stoichiometric
mixtures of high-purity LiCO;, SrCG;, and HBO; (LiSr), Na-
CO;3, SrCQ;, and HBO3 (NaSr), and NgCOs, BaCG;, and HBOs
(NaBa) were heated at 750, 800, and 880 respectively, with
several grinding steps of the samples between heatings. The powde
samples were characterized by powder XRD. Pure JB%D3)s,
NaSg(BOs)s, and NaBa(BOs); were obtained, and the two sodium
borates were found to be isostructural with LiB0Os)s;. Samples
for the solid solution NaQrBa(BOs); (0 < x < 4) were prepared
with the same reagents and a heating period of 90 h at°’830
The isostructural LiBZBOs); was also confirmed to exist but with
some unconguerably impure peaks.
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E 3 Table 2. Fractional Atomic Coordinates and Equivalent Isotropic

E E Displacement Parameters &or LiSr4(BOs)s, NaSk(BOs)s, and

3 NaBa(BOs)s

E LiSr«(BOs)s 3

E i E site X y z Ug

E N 3 Sr(1) 16a O 0 0 0.0188(10)

; L Lo n ’II LRI UL TR L lllﬂé ﬂli—i_i——‘—é -I-A—lli-g Sr(z) 48f 0 0.25 0.00242(8) 0.0106(3)

3 N 4 N E O(1) 96h 0.1335(5) 0.2714(3) 0.1286(6) 0.007(1)

3 - 3 O(2) 48g 0.1769(4) 0.4269(4) 0.125 0.024 (3)

E B 48g 0.1086(7) 0.3586(7) 0.125 0.003(5)
’5 E 3 Li 16b 0.125 0.125 0.125 0.033(13)
EE 3 Sr(1) 16a O 0 0 0.0318(9)
zE NaSr«(BOs)s Sr2)  48f 0 0.25 0.00209(9)  0.0221(3)
§ 3 R 3 O(1) 96h 0.1357(5) 0.2751(3) 0.1324(5) 0.028(2)
;E E Ol DO O O O O O o O T T T Ty 0(2) 489 01773(5) 04273(5) 0.125 0029(3)

3 B 48g 0.1096(7) 0.3596(7) 0.125 0.012(6)

E Na 16b 0.125 0.125 0.125 0.017(3)

E Ba(l) 16a O 0 0 0.0218(10)

3 Ba(2) 48f 0 0.25 —0.00224(15) 0.0104(3)

NaBa«(BOs)3 O(1) 96h 0.1297(13) 0.2728(7) 0.1278(14)  0.017(3)

E O(2) 48g 0.1716(9) 0.4216(9) 0.125 0.029(7)

E B 48g 0.109(2) 0.359(2) 0.125 0.035(13)

E " l: tn Ii " I:IIII |:um-|n e N I-Iﬂl-m—‘-“-ll-lllllmrﬂlll Na 16b 0125 0125 0125 0021(6)

E ! 3

26 (deg) Differential Thermal Analysis. The melting behavior of the title

|(=igcl;r)e 1 sFir(]aloR)ietvelg refinz(m%n; plgts Olfl the Ithre(g)compoundsd LISt compounds was investigated by differential thermal analysis (DTA).
BOs)3, NaSu(BOs)3, and NaBa(BOs)z. Small circles Q) correspond to . . e hinh

experimental values, and the continuous lines, the calculated pattern; verticaIA_ DTA measuremer_ﬂ was carried out W'th "?ICP G high-temperature
bars () indicate the positions of Bragg peaks. The hottom trace depicts the differential thermal instrument. The. precision of measurement was
difference between the experimental and the calculated intensity values. +3 °C. The heating rate was 2€/min from room temperature to

. . . 1250°C.
three peaks listed in thE-map were likely to correspond to the

correct positions of atoms; two were assigned to Sr atoms, and theResuylts and Discussion

other was assigned to the Li atom. The other atoms were located o

by using difference Fourier synthesis. In this course, once an atom Description of Crystal Structures. The MM'4(BOs)s (M
was located, it would be used for the next run of difference Fourier = Li, M" = Sr; M= Na, M' = Sr, Ba) compounds crystallize
synthesis. At last, a satisfactory rough structure was obtained, andin the cubic space groufa3d. As expected, the volume
then it was refined using the Rietveld methetwithin the Fullprof evolution follows the values of the ionic radii of the various
program. In the final cycles of refinement a total of 28 parameters M and M ions (Li* < Na™ and S# < Ba?"): Visr < Vasr
were refined (12 structural parameters and 16 profile parameters) < v/ . (Table 2). They show a novel structure type, and
and the finally agreement factors convergedgo= 7.00%R, = no other member of this structural family is found previously

6.09%,Rup = 8.11%, andRexp = 3.14%. Lattice parameters were . . R
refined to bea = 14.95066(5) A. The structures of Na@Os)s g]utl)lglrr?;ejnﬁss glful\s/ltll\r/?:?;é:)?(ﬁrisj a,\;],dj;?e l\l;luidsr;ental

and NaBga(BOs); were determined by Rietveld method on the basis =" . _ .
of the structural model of Lig(BOs)s. In the final cycle of M" = Sr'. Ba) are isolated planar [3}9 .groups, which are
refinement a total of 28 parameters were refined (12 structural P€rpendicular to each other and distributed along the three

parameters and 16 profile parameters) and the finally agreementdirections: (100 The B-O bond lengths vary from 1.344-
factors converged tBs = 7.16%,R, = 8.62%,Ryp, = 12.4%, and (12) to 1.451(13) A with an average value of 1.387 A, and
Rexp = 3.47% for NaSy(BOs); andRs = 7.43%,R, = 10.6%,R, the O-B—0 angles are between 117.5(3) and 124.51(9)
= 14.4%, andRexp = 8.57% for NaBa(BOs)s. Lattice parameters ~ These values are normal in a B@lane triangle. The M
were refined to be = 15.14629(6) A for NaS(BOs); anda = atoms are coordinated with six oxygen atoms, forminggMO
15.80719(8) A for NaB4BOs)s. The final refinement patterns are cubic octahedra (M= Li or Na in the following text). The
given in Figure 1. The crystallographic data, fractional atomic perigdic characteristic of the structure can be seen with more
coordlnat_es, and equivalent |_sot_r_op|c displacement parameters areClarity from Figure 3. The B@triangles and M@ cubic
reported in Tables 1 and 2; significant bond lengths and angles are . . L
listed in Table 3. octa_hedra are located at the_centers of Cl_Jblc grids consisting
Element Content Determination. The Li, Na, Sr, Ba, and B of eight M (M" = Sr or Ba,'n the following text) atoms;
content in the compounds was determined by using the inductivity MOreover, every two M@cubic octahedra are separated from

coupled plasmaatomic emission spectrometry (ICP-AES) tech- three interperpendicular BQriangles along any one of the
nique. three directions and share corners with the adjacery BO

Optical Measurement. The photoluminescence (PL) spectra triangles. The Matoms appear in two crystallographically
were taken on a PTI-C-700 fluorescence spectrometer with a Xe different environments, as shown in Figure 4. Thg Wl
lamp @ = 400 nm) as the excitation source. atoms (in the 16a position) are coordinated to six oxygen

IR Spectra Measu.rement.lnfrared spectra were recorded with  atoms, forming distorted octahedral, while thé&(®) atoms
a Pjrkm-Elmer 983 infrared spectrophotometer in the=38D0- (i, the 48f position) are eight-coordinated to oxygen atoms,
cm* wavenumber range using KBr pellets. forming two-capped trigonal prisms and sharing planes and

(17) Rietveld, H. M.Acta Crystallogr.1967, 22, 151—152. edges with the adjacent '2)Os polyhedra and M1)Os
(18) Rietveld, H. M.J. Appl. Crystallogr.1979 12, 483-485. octahedra, respectively. In the three compounds, the obvious
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Table 3. Selected Interatomic Distances (A) and Angles (deg) for J(B8D3)s, NaSk(BOz)s, and NaBa(BOz)3

Wu et al.

LiSr4(BO3)3 NaSu(BOz)s NaBa(BOs)s

Sr(1)-0(1)6 2.535(7) S(BHO(1)6 2.512(6) Ba(HO(1)6 2.733(17)
Sr(2-0(2)2 2.442(5) Sr(230(2)2 2.465(6) Ba(2)0(2)2 2.624(12)
Sr(2-0(1)2 2.619(6) Sr(2y0(1)2 2.682(6) Ba(2y0(1)2 2.793(16)
Sr(2)-0(1)2 2.693(7) Sr(230(1)2 2.725(6) Ba(2)0(1)2 2.864(17)
Sr(2)-0(1)2 2.765(8) Sr(2y0(1)2 2.875(7) Ba(2)O(1)2 2.927(22)
Li—O(1)6 2.193(7) N&O(1)6 2.283(5) N&O(1)6 2.35(1)
B—O(1)2 1.358(12) B-O(1)2 1.344(12) B-O(1)2 1.39(4)
B—0(2) 1.444(12) B-0(2) 1.451(13) B-0(2) 1.41(4)
O(1)-B—0(2) 119.04(9) O(1yB—0(2) 117.74(10) O(BB-0(2) 121.3(2)
O(1)-B—0(2) 119.04(9) O(1yB—0(2) 117.74(10) O(1B—0(2) 121.3(2)
0O(1)-B—0(1) 121.92(9) O(1yB—0(1) 124.51(9) O(1yB—0(1) 117.5(3)

character of the cations is that the radii of alkali-metal cations at about 708-800 cnt?! should be attributed to the-BO
are small and those of the alkaline-earth-metal cations areout of plane bending, which confirm the existence of the
comparatively large, which make enough interspace for the [BOs]®~ groups!® It is found that there are two peaks above
cubic grids to place the Mg@cubic octahedra. When 1100 cn1?, which is believed to come from the two different
potassium was introduced to replace the lithium and sodium bond lengths of B-O. Figure S1 represents the DTA and
or magnesium and calcium were introduced to replace the TGA curves of LiS§(BOs)s, NaSi(BOs)s, and NaBa(BOs)s.
strontium and barium, no isostructural compound was found. The peaks at about 945, 1175, and 12Q7should be the
We believe that the substitution of a larger alkali-metal melting points of LiS§(BOs)s, NaSi(BOs);, and NaBa
cations for M or the substitution of a smaller alkaline-earth- (BOs)s, respectively. The DTA and TGA curves of them
metal cations for Mwill all make the structure unstable. Of show that they are chemically stable and probably congruent
course, too much difference between the size of M and M melting compounds, which suggest that crystals of them may
atoms will also make the structure unstable, which might be be easily grown.
one of the reasons that the compound L{B&s); is difficult Solid Solution NaSk-xBaB30s (0 < x < 4). Because
to synthesize. of the similar radii of Sr and Ba, we investigated the binary

Infrared Spectra and Thermal Stability Analysis. To phase region of NagiBO3); and NaBa(BOs)s. The powder
further confirm the coordination surroundings of-B in X-ray diffraction patterns of the samples of solid solution
the MM'4(BOg3)s structure, the IR spectra of Li§BOs)s, NaSr-Ba(BOs3); (0 < x < 4) with the increased are shown
NaSn(BOs)s, and NaBaBOs); were measured at room in Figure 6a. The linear relationship of the refined lattice
temperature and given in Figure 5. The IR absorption at parameters (Fullprof) with the solubilitywas presented in
wavenumbers smaller than 500 chmainly originates from Figure 6b. Itis clear that Sr and Ba may completely substitute
the lattice dynamic modes. The strong bands observed aboveach other.
1100 cm! should be assigned to the® stretching mode PhotoluminescenceFigure 7a shows the luminescence
of triangular [BQ]®~ groups, while the bands with maxima spectra of LiSi(BOs)s:xELPT in different EG+ concentrations.

It shows a broad emission band with maximum near 590

Figure 2. Structure projections of the MMBOg3)3 compounds viewed Figure 3. One layer of the crystal structure stacked from thed\(d =
along [001]. Big black balls represent dtoms. Black triangles are planar ~ Li or Na) octahedral and B§triangles. More than one unit cell along the
BO; triangles, and black short lines are their side faces. Grayish balls aandb axis (0.1 < a < 2.1,—0.1 < b < 2.1) and less than one unit cell
represent M atoms (M- Li, M' = Sr; M = Na, M' = Sr, Ba). along thec axis (—0.1 < ¢ < 0.3) are shown here for clarity.

6412 Inorganic Chemistry, Vol. 44, No. 18, 2005



Cubic Borates MM4B30g

Figure 4. Coordination surroundings of MM' = Sr or Ba) with O atoms.
Black balls represent Matoms, and grayish ones depict O atoms. B and M
(M = Li or Na) atoms are omitted, and only one layer of the crystal structure
(-0.2<a<1.2,-0.2<b<1.2,0.1< c < 0.4) is shown here for clarity.

1284
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)= 792
T T T T T
400 600 800 1000 1200 1400
wavenumber (cm™)
Figure 5. Infrared spectra of LiS¢(BOs)s, NaSk(BOs)3, and NaBa(BOs)s.

nm, which is longer than those in the S@ (367 nmY and
BaBe(BOs), (392 nm)8 comparable to those in thes@0s),
(585 nmy and SgpMg(BOs)2 (590 nm)? and shorter than
those in the BaMg(BOs), (617 nm}° and BaLiB Oy, (612
nm)? The E#* luminescence properties in borates can be
correlated to the environment of the O atoms in the hosts.
Materials with O atoms richly coordinated by Ba or Sr atoms
have longer E&r emission wavelengthid. The yellow

a
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©
= 15.3 4
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value of x
Figure 6. (a) Powder X-ray diffraction patterns of the solid solution

NaSr-xBa(BO3)3 (0 < x =< 4) with differentx values. (b) Variation of
lattice parameters on the valuexfn NaSt_Bay(BOs3); (0 < x < 4).

and shorter distance between two*Eions with increasing
concentration that induced the concentration quenching.
Samples of MNL(BOs)z:XEWT exhibit efficient deep-red
emission as shown in Figure 7b. The emission lines ranging
from 580 to 720 nm originate from the optical transitions
from ®Dg to ’F; (J = 0—4). The®Dy — F; transition is highly
sensitive to structural change and environmental effects and
can be used to detect the change in the crystal field. The
luminescent spectrum of compactByg powder is presented
in Figure 7b, which is obviously different from those of
MM'4(BOs)s:XEWET, and proves that the compounds have
been successfully doped with EuFurthermore, the domi-
nant electric dipoledipole transition at 614 nn?Dy — “F»)

emission is in good agreement with the structural studies of implies that the E# ion is located in a noncentrosymmetric

MM'4(BOs)s, in which O(1) was coordinated by four Sr or
Ba atoms. In addition, the intensity of this yellow lumines-

site in LiSp(BOs)s:xEW and NaSi(BOs)z:XxEWT. In NaBay-
(BOs)a:xELEH, the magnetic dipoledipole®Dy — 7F; transi-

cence is very dependent on the concentration of europiumtion is predominant; thus, Et should be located in a

dopant. With the increasing Euconcentration, the intensity

centrosymmetric position. The Sr/Ba atoms have two sites

of the yellow emission increases and reaches a maximum atin the unit cell; one is centrosymmetric (16a) and the other

about 4 at. %. Above this concentration, the intensity of the

is noncentrosymmetric (48f). We therefore believe that the

yellow emission decreases. It was believed to be the shorterEW** ion prefers to replace the Brin the 48f position in

(19) Rulmont, A.; Alimou, M.Spectrochim. Acta989 45A(5), 603-610.

LiSry(BO3); and NaSi(BOs); and the B&" in the 16a
position in NaBa(BOs)s. All these observations are in good
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Figure 7. (a) EW" concentration dependencies of the luminescence of
LiSry(BO3)3:EL2t (Aexc = 400 nm) (numbers indicate Euat. %). (b) EG+
concentration dependencies of the luminescence of compadt Bawder,
LiSI’4(BO3)3ZXEU?’+, NaSﬁ(BO;:,)gZXEU’H, and NaBd803)3:xEu3+ (Aexc =
400 nm) (numbers indicate Euat. %).

agreement with the structural studies. In addition, the

Wu et al.

the quenching concentrations of thoseeEdoped samples
are lower than that of Bi-doped samples, especially for
the LiSiu(BOs)3 (4% for E?* and only 0.5% for E#). The
reason for so low quenching concentration may be related
to the structural distortion induced by substitution of the
different valent cation EUf for SP*/Ba" in the structure.

Conclusions

Three novel cubic borates, Li$BO3)3, NaSy(BOs)s, and
NaBa(BOs)s, were synthesized by solid-state reaction, and
their structures were solved from powder X-ray diffraction
data. In the unit cell, Matoms are all located at special
positions, separating the unit cell into 64 little cubic grids.
Three interperpendicular B@roups and M@ cubic octa-
hedra alternately filled in the interspaces of the cubic grids.
The M atoms appear in two crystallographically different
environments, forming distorted octahedral and two-capped
trigonal prisms, respectively, sharing edges or planes with
each other. Sr and Ba atoms were found to be able to
completely substitute each other in the solid solution
NaSy-Ba(BOs); (0 < x < 4). A series of E&'- and Ed'-
doped samples were investigated for luminescence properties,
and the results were in good agreement with the crystal-
lographic study. LiS{BOz)s:Ewr" and MM 4(BOs)z:EUE"
show promising yellow and deep-red emission, respectively.
But using these borates as the hosts of luminescent materials
will need further modification and optimization of the
preparation process.

Acknowledgment. This work was financially supported
by the National Natural Science Foundation of China (NSFC)
under the Grant Nos. 59925206 and 50372081. We thank
Mrs. G. R. Liu of the University of Science and Technology
Beijing for her great help in collecting powder diffraction
data and Mrs. T. Zhou for technical help.

Supporting Information Available: DTA and TGA curves and

luminescent intensity increases with the doping concentration CIF files for LiSt(BOs)s, NaSi(BOs)s, and NaBa(BOs)s. This

up tox = 0.5 at. % for LiS§(BO3)3, x = 1.0 at. % for NaSr
(BOg)3, andx = 1.5 at. % for NaB#BOs)3;, beyond which
the luminescence declines very quickly. It is obvious that
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