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The New Orthosilicate Li4SrCa(Si04),: Structure and Eu?™ Luminescence
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The structure and Eu?* luminescence of the compound LisSrCa(SiOs); are described. Crystal data: fw = 339.63,
orthorhombic, a = 4.983(2) A, b = 9.930(2) A, ¢ = 14.057(2) A, V = 695.5(4) A3, Z = 4, Pbem (No. 57), R =
0.056, Ry = 0.063 for 996 averaged reflections. The structure is a condensed system of Sr-centered distorted
bicapped square antiprisms, Ca-centered distorted octahedra, and Li- and Si-centered distorted tetrahedra. When
doped with the lanthanide Eu?*, the material produces a blue photoluminescence with maximum intensity at 430

nm.,

Introduction

While attempting to prepare derivatives of the silicate fluoride
Sr;LiSiO4F,' we have identified the new, complex orthosilicate
LisSrCa(SiOy4),. Silicates have, for some time, been important
in the development of the earth sciences and the technology of
cement. In addition, a few examples, such as Zn,Si04, Mg»-
Si0,4, and Y,SiOs, have found use as phosphors,>™* laser
crystals,>® or scintillators” when doped with a suitable transition-
metal or lanthanide ion. In this contribution, we describe the
crystal structure of the title compound and its luminescence
characteristics when doped with the ion Eu?*.

Experimental Section

Synthesis. A powder sample of Li,SrCa(SiO4), was prepared from
the molar quantities of 2 Li,COs3 (AESAR, 99.9%), 1 SrCO; (AESAR,
99.9%), 1 CaCO3 (AESAR, 99.9%), and 2 SiO; (ALFA, 99.98%). The
mixture of carbonates and SiO; was heated at 873 K for 1 h; then the
sample was reground and heated at 1273 K for 12 h. A crystal was
obtained for X-ray structure analysis from a stoichiometric melt that
was contained in a Pt crucible and slowly cooled from 1280 to 773 K
at 6 K/h, followed by rapid cooling at 50 K/h to room temperature.

Crystallographic Study. A colorless, transparent crystal of dimen-
sions 0.12 x 0.12 x 0.15 mm was selected and mounted on a glass
fiber with epoxy for structure determination. All measurements were
made on a Rigaku AFC6R diffractometer with graphite-monochromated
Mo Ko radiation. Cell constants and the orientation matrix for data
collection were obtained from a least squares refinement with 19
automatically-centered reflections in the range 30 < 26 < 36°. The
cell constants correspond to an orthorhombic cell; Laue symmetry mmm
was determined on the diffractometer. Intensity data were collected
over the range of indices 0 < h < 16,0 = k=23, -8 =<1 < 8 by
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Table 1. Crystallographic Data for Li,SrCa(Si0s),

chem formula  LiSrCa(SiQ4), Z 4

fw 339.63 Qcaled 243 gem”?
space group Pbcm (No. 57) 4 0.71069 A
a 4.983(1) A T 298K

b 9.930(2) A linear abs coeff #  85.89 cm™!
¢ 14.057(2) A R(Fo)° 0.056

Vv 695.5 (4) A® Ru(F,Y 0.063

“R = X||Fo = |FJ/Z|Fo|. * Ry = [Zw|Fo| — |Fe[)/Zw|Fo[*]"".

using the w scan technique to a maximum 26 value of 73°, and from
3686 measured reflections a total of 2006 were observed [F,2 = 30-
(Fo»)]. The intensities of three representative reflections measured after
every block of 200 data varied by an average of 2% during the
collection.

The structure was solved by using the TEXSAN crystallographic
software package.® The crystal was found to form in the centrosym-
metric space group Pbcm. The positions of the Sr, Ca, and Si atoms
were derived from the direct methods program SHELXS,” while the
remaining atoms O and Li were located from difference electron density
maps. After a full-matrix, least-squares refinement of the model with
isotropic displacement coefficients on each atom, an absorption
correction was applied by using the program DIFABS' (transmission
factors = 0.87 —1.11). The data were averaged (R, = 0.10), and the
model was refined with anisotropic displacement coefficients on each
atom. Final least-squares refinement resulted in the residuals R = 0.049
and R,, = 0.058. The largest peak in the final difference electron density
map corresponds to 0.59% of the Sr atom. Crystal data are outlined
in Table 1, and atomic positional parameters are listed in Table 2.

The luminescence measurement was performed with a powder
sample nominally doped with 2 mol % Eu?*. The preparative procedure
was that described above [Eu03 (99.99%, MOLYCORP)], except the
final heating was done in an atmosphere of 25:1 Ny:H,. The room-
temperature luminescence spectrum was obtained on a computer-
controlled, right-angle spectrometer. Excitation provided by an Oriel
300-W Xe lamp was passed through a 50-cm water filter, focused onto
the slits of a Cary Model-15 prism monochromator and then onto the
sample. Luminescence was collected at a near-right angle to excitation,
dispersed through an Oriel 22500 !/s-m monochromator, and detected
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LisScCa(SiOq)»

Table 2. Positional and Equivalent Displacement Parameters (B.q)
for LiSrCa(SiOy)>

site sym x ¥ z B (AY)
Sr m 0.0553(2) 0.23147(8) 0.7203)
Ca 2 JA 0 A 0.43(5)
Sil m 0.4732(4) -0.0253(2) Ya 0.31(M
si2 2 0.0174(4) ', 0 0.36(7)
o1 m —0421(1)  031286) 0.5(2)
o2 m —-0.203(1) —=0.0001(6) Ma 0.6(2)
03 0.333R8(8) (.0448(4) 0.6558(3) 0.5(1)
04 0.2000(8) 0.3350(4) 0.9274(3) 0.6(1)
0s —-0.1782(9) 0.1503(4) 0.5616(3) 0.6(2)
Lil —0041(2) —0002209) 08731(7) 0.1(1)
Li2 0.521(2) 0.225(1) 0.6275(8) 0.71(2)
= (87% J)LZ, Uai*a*aa;.

l-‘tgure 1. Unit-cell drawing of LuSrCa(SIOOa The view is along the
a axis. Large open circles represent O atoms, small filled cireles Li
atoms, medium shaded circles Ca atoms, medium open circles with
open bonds Sr atoms, and medium open circles with filled bonds Si
atoms, here and in Figure 2.

with a Hamamatsu R636 photomultiplier cube. The signal was collected
and amplified with a Keithley Model 602 picoammeter and then
converted to a digital signal for computer acquisition. Spectrometer
control and data acquisition were achieved with computer programs
written in this laboratory. The excitation spectrum was corrected by
using rhodamine B as a quantum counter. The emission spectrum was
comected with a tungsten lamp that has been calibrated at Eppley
Laboratories, Inc.

Results and Discussion

A view of the contents of the unit cell is given in Figure 1.
The structure contains a 10-coordinate Sr atom, a 6-coordinate
Ca atom, two nonequivalent 4-coordinate Li atoms, and two
nonequivalent 4-coordinate Sj atoms. The O environment about
the Sr atom is best described as a distorted bicapped square
antiprism, and the polyhedron about the Ca atom is a distorted
octahedron. Each of the Li and Si atoms occupies a distorted
tetrahedron. While it is difficult to describe the structure in
terms of a closest packing of spheres, it is useful to pote the
layered stacking of the metal atoms. These atomic sheets extend
in the ab plane and stack along [001). The repeat sequence i8
sso(Ca, Si2ye~(Lil, Li2) v«Sr, Sil) *«Lil, Li2) ¢, i.e., atoms
Ca and Si2 commix in one plane, atoms Lil and Li2 in another,
and atoms Sr and Sil in apother.

The Sr-centered polybedra condense only in the ab plane,
and this occurs by sharing vertices Ot and O2, In contrast the
Ca-centered octahedra are completely isolated from one another.
The two pelyhedra, however, are connected by sharing vertices
03, 04, and O5. Again, within the ab planes, the Sr and Sil
atomns share vertices O1 and O2 and an edge O3---03, while
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Figure 2. Polyhedral drawing of condensed Li—O system. Tetrahedra
represent LiO, units.

the Ca and Si2 atoms share vertices O4 and O5. The Sil atoms
also share O3 vertices with the Ca atom, and Si2 atoms bridge
the O4:+-0O5 edges of the Sr-centered polyhedra. Each Sr-
centered polyhedron is capped by 8 Li atoms. Two each of
atoms Lil and Li2 span edges and triangular faces. Likewise,
the Ca-centered octahedron is surrounded by 8 Li atoms. Four
of these share vertices O3 and 04, and the others bridge edges
03-¢-05 and O4-=-O5. Interestingly, there is no metal atom
directly bridging the two triangular faces O3+¢ 0405 of the
octahedra. The Li-centered tetrahedra share all of their vertices
to form a thick, two-dimensional substructure of formula
(Li;04)% that extends parallel to the ab plane (Figure 2). Sr
and Sil atoms occupy sites within the slabs, and the Ca and
S$i2 atoms occupy sites between the slabs.

The overall structure bears some resemblance to that of Lis-
CaSiO4.!"" Although the Ca atom occupies an 8-coordinate,
distorted dodecahedral site in this structure, the metal atoms
occupy layers in a manner similar to that of the title structure.
The Ca and Si atoms occupy one layer and the Li atoms another.
Likewise, the Li-centered tetrahedra condense into a two-
dimensional system by sharing vertices.

Selected interatomic distances and angles are listed in Table
3. The average Sr—O distance is 2.76 + 0.16 A, which
compares to Sr—O distances of 2.70 £ 0.22 and 2.86 + 0.19 A
for the two 10-coordinate Sr atoms in o’-Sr>Si04.'? The average
Ca—0 distance is 2.384 + 0.026 A, which compares to Ca—0O
distances of 2.30~2.44 A for the 6-coordinate Ca atoms in Cay-
Si04.!3 The Ca site symmetry is Cy; modest deviation from
orthogonality is seen with the O3—Ca—04 angle = 93.0(2)°,
while the angle O3—Ca—05 = 77.3(1)° represents a more
severe distortion.

Atom Lil binds to one each of atoms 02, O3, 04, and OS5,
and atom Li2 binds to one each of atoms O1, O3, 04, and O5.
As noted above, the two-dimensional Li—O substructure (Figure
2) results from a sharing of all of the tetrahedral vertices. The
Lil and Li2 atoms share O3, 04, and OS5, two Lil atoms share
02, and two Li2 atoms share Ol. The average Lil—O distance
is 1.94 + 0.04 A, and the average Li2—O bond distance is 1.99
+ 0.07 A. Each compares to the Li—O distances for 4-coor-
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Table 3. Selected Interatomic Distances (A) and Angles (deg) for
Li4SrCa(Si0s4),

Sr—01 2.505(6) 01-Sr—01 144.0(2)
Sr—01 2.734(6) 01-Sr—02 79.6(2)
Sr—02 2.635(6) 86.6(2)
Sr—02 2.766(6) 01-Sr—03 135.8(1)
Sr—03 x 2 2.667(4) 01-Sr—04 98.1(1)
Sr—04 x 2 2.804(4) 01-Sr—05 73.7(1)
Sr—035 x 2 3.003(4) 02—-Sr—02 166.2(1)
02-Sr—03 69.4(1)
02-Sr—04 116.95(8)
02-Sr—05 64.95(8)
03—-Sr—03 59.5(2)
03-Sr—04 70.8(1)
03-Sr—05 116.9(1)
65.0(1)
04-Sr—04 125.6(2)
04—Sr—05 171.3(1)
05-Sr—05 123.8(2)
Ca—03 x 2 2.384(4) 03—Ca—03 180
Ca—04 x 2 2.414(2) 03—Ca—04 93.002)
Ca—~05 x 2 2.355(4) 87.0(1)
03—Ca—05 77.3(1)
04—Ca—04 180
04—Ca—05 97.7(1)
05—-Ca—05 180
8il—-01 1.629(6) 01-Sil—-02 108.1(3)
Sil—02 1.633(6) 01-8i1-03 110.4(2)
Si1—03 x 2 1.649(4) 02-5i1-03 110.6(2)
03-Sil—03 106.8(3)
Si2—04 x 2 1.632(4) 04-8i2—04 108.4(3)
Si2—05 x 2 1.637(4) 04-8i2—05 109.3(2)
04—S8i2—05 111.5(2)
05-Si2—05 106.9(3)
Lil-02 1.91(1) 02-Li1—03 102.3(5)
Lil—03 1.966(9) 02-Lil—04 100.4(4)
Lil—04 1.98(1) 02-Lil-05 106.0(5)
Lil-05 1.90(1) 03-Lil—05 104.7(4)
04-Li1—05 108.2(5)
Li2—01 1.95(1) 01-Li2—03 106.6(5)
Li2-03 2.06(1) 01-Li2—04 101.9(5)
Li2—04 2.05(1) 03-Li2—04 101.0(5)
Li2—05 1.91(1) 03-Li2—05 96.5(5)

dinate Li atoms in Li,CaSiO4,% 1.969 + 0.014 A, and Li,0,'*
1.997 A.

Atom Sil binds one Ol, one O2, and two O3 atoms. Atom
Si2 binds two O4 and two OS atoms. The average Sil—O
distance is 1.640 &+ 0.010 A, and the average Si2—O bond
distance is 1.635 4 0.003; each is normal, and all O—Si—O
values are near the tetrahedral value.

The composition LisSr ggEug02Ca(SiO4); produces blue emis-
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Figure 3. Emission and excitation spectra of the luminescence of Lis-
Sr1.08Eu0 02Ca(Si104), at 298 K. (Aexe = 335 nm for emission, Aey =
430 nm for excitation,)
sion under ultraviolet excitation. Excitation and emission
maxima occur at 335 and 430 nm, respectively (Figure 3). The
breadth of the bands is consistent with transitions between a
4f7 ground state and a 4f%5d! excited state. Similar behavior
has been reported’> for Eu?t-doped samples of the simple
orthosilicates Ca;SiO; and Sr;Si0O4. The emission, however,
occurs at longer wavelengths. For Ca;SiQO,, the maximum
intensity is at 500 nm, and Sr,SiO4 exhibits a maximum at 550
nm with a shoulder near 500 nm. The higher emission energy
of the title compound may derive from the high concentration
of Li atoms in the structure. These small atoms, surrounding
the polyhedra of the emission centers, likely constrain the
distortion of the excited state which leads to a smaller Stokes
shift.'6

Acknowledgment. This research was supported by the
National Science Foundation (DMR92-21372). Acknowledg-
ment is made to the donors of the Petroleum Research Fund,
administered by the American Chemical Society, for partial
support of the work.

Supplementary Material Available: Listings of complete crystal
data and anisotropic displacement coefficients (2 pages). Ordering
information is given on any current masthead page.

1C941212Y

(15) Blasse, G.; Wanmaker, W. L.; Ter vrugt, J. W.; Bril, A. Philips Res.
Rep. 1968, 23, 189.
(16) Blasse, G. J. Solid. State. Chem. 1979, 27, 3.



