Inorg. Chem. 2005, 44, 9314-9321

Inorganic:Chemistry

* Article

Luminescent Lanthanide Selenites and Tellurites Decorated by MoO 4
Tetrahedra or MoO ¢ Octahedra: Nd ;Mo0Se;019, Gd,M0Ses01,
L&2MOT83012, and Nd 2MOT€3012

Yue-Ling Shen, T Hai-Long Jiang, T Jian Xu, * Jiang-Gao Mao,* - and Kok Wai Cheah *

State Key Laboratory of Structure Chemistry, Fujian Institute of Research on the Structure of
Matter, The Chinese Academy of Sciences, and The Graduate School of Chinese Academy of
Sciences, Fuzhou 350002, P. R. China, and Department of Physics, CentrevéorcAd
Luminescence Materials, Hong Kong Baptist kersity, Kowloon Tong, Hong Kong, P. R. China

Received August 11, 2005

Solid state reactions of lanthanide oxide, MoO; and SeO, (or TeO,) at high temperature in an evacuated quartz
tube lead to four new Ln—Mo—Se(Te)—O quaternary phases with four different types of structures, namely, Nd,-
MoSe;01, Gd,M0Se;012, La;MoTes0q2, and Nd,MoTe;0q2. The structure of Nd,MoSe,O, features a 3D architecture
built by the intergrowth of the Nd—Se—O layers with the Nd—Mo—O layers. The structure of Gd,M0Se;0;, contains
a 3D network of gadolinium selenite with the MoOg octahedra occupying the cavities of the structure. The structure
of La,MoTe30;, features a 3D network of La,(TesOg)?* with the tunnels along the a axis occupied by the MoO,
tetrahedra. Nd,MoTe;0;, features a 2D layer built by the lanthanide ions interconnected by tellurite groups and
ditellurite groups, with the MoOj, tetrahedra as the interlayer pendant groups. Room temperature and low temperature
luminescent studies indicate that Nd,MoSe, 01 and Nd,MoTez0, exhibit strong luminescence in the near-IR region.

Introduction introduced to the selenite or tellurite systems in order to

: . obtain compounds with good SHG propertie$.Most of
Selenites and tellurites can adopt many unusual structure .
. . “these research efforts have been focused on alkali and
due to the presence of the stereochemically active lone pair : 4
alkaline earth compounds? Although a number of lan-

lectrons.Th mmetri rdination polyhedron t . . X .
electrons: The asymmetric coordinatio poly edron adopted thanide selenites and tellurium(lV) oxides have been re-
by the Se(IV) or Te(lV) atom may result in noncentrosym- 156 : : .
. . . . . ported!>® reports on lanthanide selenites or tellurium(IV)
metric structures with consequent interesting physical prop- " . . o I ; .
erties. such as nonlinear ontical second harmonic aeneratio oxides with additional transition metal ions are still rare.
. P 9 r\_anthanlde compounds such as Er(lll) and Nd(lll) com-

(SHG)2* Transition metal ions with Helectronic config- L . o
. RN or ; pounds exhibit good luminescent properties in the near-IR
uration (such as 1, Nb>", Wé*, Mof, etc.) are susceptible . . X i S ! !
region which are important in applications as optical signal

to second-order JahiTeller distortions, and they have been amplifiers and laserlt is hoped that the use of two types

@ Of anions (Seg¥~ or TeQ?" anion and Mo(VI) oxygen
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Table 1. Crystal Data and Structure Refinements for the Four Compounds

NdzMOSQOm GdzMOS%O;Lz LazMOTe3012 NdzMOTEgO]_z
fw 702.34 839.32 948.56 959.22
space group P1 P1 Pnma Pnma
a, 5.3582(7) 6.557(1) 7.3150(6) 17.701(2)
b, A 6.892(1) 7.117(2) 11.7110(9) 11.359(1)
c, A 12.576(3) 10.879(2) 13.602(1) 5.3230(4)
a, deg 85.80(1) 85.225(6) 90 90
p, deg 83.97(1) 72.752(5) 90 90
y, deg 70.07(1) 86.546(6) 90 90
V, A3 433.9(2) 482.8(2) 1165.1(2) 1070.3(2)
z 2 2 4 4
Dcalca grcm—3 5.376 5.773 5.407 5.953
w, mnrt 21.641 26.229 15.679 18.787
GOF onF? 1.039 1.022 1.395 1.184
R1, wR2 ( > 20(1))? 0.0405, 0.1021 0.0301, 0.0698 0.0479, 0.0622 0.0325, 0.0648
R1, wR2 (all data) 0.0440, 0.1038 0.0347,0.0720 0.0528, 0.0633 0.0380, 0.0667

AR1L= 3 [|Fo| — |Fell/ZIFol, WR2 = { IW[(Fo)? — (F)AZ 3 W[(Fo)33 /2.

anion) for activation the lanthanide(lll) ions can improve
their luminescent properties. Our research efforts with this

MoO; (0.0862 g, 0.6 mmol), and Se@®0.1329 g, 1.2 mmol) at
700 °C for 6 days.

aspect lead to four new lanthanide selenites and tellurites Preparation of Gd.MoSe;O1.. Light yellow single crystals of

(or polytellurites) containing Mo tetrahedra or Mo@
octahedra, namely, NWMoSe0O,,, GM0SgO;, Las-
MoTe;0;1,, and NdMoTe;O;,. Herein we report their
syntheses, crystal structures, and luminescent properties.

Experimental Section

Materials and Instrumentation. All chemicals were obtained
from commercial sources and were used without further purification.
X-ray powder diffraction (XRD) patterns (Cud§ were collected
in a sealed glass capillary on a XPERT-MPB 20 diffractometer.

IR spectra were recorded on a Magna 750 FT-IR spectrometer
photometer as KBr pellets in the 400800 cnt! region. The
luminescence lifetimes for NMoSe0,o and NgMoTe;0,, were
measured at room temperature with a pulsed Q-switched Nd:YAG
laser =355 nm, Quantel Brilliant B) as a light source. The
luminescent signal was dispersed through a 0.5 m focal length Acton
monochromator with 1200 line/mm grating. The data were collected
by a cooled PMT (Hamamatsu, R636-10) detector and then capture
by an Agilent Infiniium oscilloscope (600 MHZ, 4 GSa/s). The IR
emission measurements employed the 514.2 nm line of an Ar ion
laser (Spectral Physics Stabilite 2017) as excitation light, using the
same 0.5 m focal length Acton monochromator, but with 1200 line/
mm or 300 line/mm gratings. The signal was detected by a liquid
nitrogen cooled InSb IR detector (EG&G). For low-temperature

measurements, the samples were mounted in a closed-cycle cryosta’\t/I

(Oxford Instruments CC1104). All spectra were taken through a
780 nm cutoff filter. For all luminescent measurements, three

independent experiments have been performed, and the results ar

reproducible. Magnetic susceptibility measurements on polycrys-
talline samples were performed with a PPMS-9T magnetometer at
a field of 10000 Oe in the range-300 K.

Preparation of Nd,M0oSe&,015. Nd;,M0Se0,, was obtained in
our attempt to prepare a NdCu—Mo—Se—0 phase. Light purple
single crystals of NgMoSe0O;, were initially obtained by reaction
of a mixture of NdO3 (0.1347 g, 0.4 mmol), M0gX0.0578 g, 0.4
mmol), CuC} (0.0536 g, 0.4 mmol), and Se@.1780 g, 1.6 mmol)
which was ground, pressed into a pellet, and sealed in an evacuate
quartz tube at 750C for 7 days. Results of single-crystal X-ray
diffraction studies indicate the absence of Cu and CI elements in
Nd,MoSeO;q; hence, the compound was then resynthesized without
the addition of CuGl The pure phase of NMoSeO,, was
obtained by reaction of a mixture of Md; (0.2019 g, 0.6 mmol),

Gd,MoSe0;, were prepared in a procedure similar to that obNd
MoSe&0;,, using GdO; (0.1452 g, 0.4 mmol) instead of MNQOs.
Efforts to synthesize a pure powder sample ofl@dSe0,, were
unsuccessful; hence, single crystals that were manually selected
were used for its XRD and IR studies.

Preparation of La,MoTez0;,. Colorless crystals of La
MoTe;0,, were obtained by solid-state reaction of,0g (0.0978
g, 0.3 mmol), MoQ (0.0864 g, 0.6 mmol), and Ted0.2400 g,
1.5 mmol) in an evacuated quartz tube at 760for 7 days. After
proper structural determinations, a pure powder sample was
synthesized from a mixture of k@3 (0.1306 g, 0.4 mmol), Mo®
(0.0580 g, 0.4 mmol), and Ted0.1918 g, 1.2 mmol) at 700C
for 7 days.

Preparation of Nd,MoTe301,. Light purple NgMoTe;0;, was
obtained by the solid state reaction of a mixture ofGl(0.0673
g, 0.2 mmol), MoQ (0.0863 g, 0.6 mmol), and Ted0.1914 g,
1.2 mmol) in an evacuated quartz tube at 7@0for 6 days. The

ure powder sample was synthesized from a mixture ofQyd

0?0.1006 g, 0.3 mmol), Mo©(0.0432 g, 0.3 mmol), and TeO

(0.1437 g, 0.9 mmol) at 708C for 7 days. For powder samples of
Nd,M0Se0;q, LapMoTe;0;,, and NdMoTes0s,, their measured
X-ray powder patterns match with XRD powder patterns simulated
from their single-crystal data. Thus, these powder samples are single
phases and were used for subsequent luminescent and IR studies.
Single-Crystal Structure Determination. Single crystals of Ng
0Se0;0, GLM0Se01,, LaoMoTes01,, and NgMoTes0,, were
mounted on a Rigaku Mercury CCD diffractometer equipped with
raphite-monochromated Mo K radiation ¢ = 0.71073 A).
tensity data were collected by the narrow frame method at 293
K. The data sets were corrected for Lorentz and polarization factors
as well as for absorption by the multiscan metfodll four
structures were solved by the direct methods and refined by full-
matrix least-squares fitting dfF? by SHELX-979 All atoms except
O(4) of Nd-MoTe;0,, were refined anisotropically. Crystallographic
data and structural refinements for the four compounds are
summarized in Table 1. Important bond distances and angles are
RIivsted in Table 2. More details on the crystallographic studies as
ell as atom displacement parameters are given as Supporting
Information.

(9) (a)CrystalClearver. 1.3.5; Rigaku Corp.: Woodlands, TX, 1999. (b)
Sheldrick, G. M. SHELXTL Crystallographic Software Package
SHELXTL, version 5.1; Bruker-AXS: Madison, WI, 1998.
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Table 2. Important Bond Lengths [A] for the Four Compoufds

NdzMOSQO]_o
Nd(1)-O(9)#1 2.407(7) Nd(BO(5)#2 2.426(7)
Nd(1)-O(7)#3 2.458(7) Nd(B0(9) 2.458(6)
Nd(1)—0(10) 2.495(8) Nd(BO(7)#4 2.512(7)
Nd(1)-O(8)#5 2.514(7) Nd(BO(5) 2.529(7)
Nd(2)—0(4)#6 2.407(7) Nd(ZyO(2)#7 2.409(7)
Nd(2)—0(10) 2.420(7) Nd(2yO(4)#8 2.443(8)
Nd(2)—0(6) 2.462(7) Nd(2yO(1)#9 2.484(7)
Nd(2)—O(8)#5 2.489(8) Nd(2yO(3) 2.540(7)
Mo(1)—0(2) 1.740(7) Mo(1}O(1) 1.752(7)
Mo(1)—0(3) 1.764(7) Mo(1}O(4) 1.816(6)
Se(1-0(9) 1.704(7) Se(HO(8) 1.713(6)
Se(1-0(10) 1.730(6) Se()0O(6) 1.680(7)
Se(2-0(7) 1.723(6) Se(20(5) 1.754(6)

GbMoSe0s2
Gd(1y-O(1)#1 2.351(13) Gd(BHO(9)#2 2.360(13)
Gd(1)-O(10)#3 2.392(13) Gd(DHO(4)#4 2.400(12)
Gd(1-O(4)#5 2.436(12) Gd(BHO(9) 2.459(13)
Gd(1)-0(6) 2.461(11) Gd(BO(5)#3 2.493(12) Figure 1. ORTEP representation of the selected unit inMdSeOx,.
Gd(2)-0(11)#6 2.350(13) Gd(2)0(8) 2.348(12) The thermal ellipsoids are drawn at 50% probability. Symmetry codes for
Gd(2-0(12)#1 2.394(13) Gd(DO(5)#3 2.384(12) generated atoms: (a)x, =y +1, -z (b) —x, =y + 2, -z (c) X,y — 1,
Gd(2-0(7)#7 2.419(12) Gd()0(2)#1 2.421(14) zZ(d)-x+1-y+2 -z ()x+1yz ) -x+1-y+2-z+1
Gd(2)-0(3) 2.481(12) Gd(2y0(1)#1 2.488(12) (@) —x+1,-y+1-z+1(Nx—-1Lyz(®{ X -y+2-z+1()
Mo(1)—0(11) 1.725(13) Mo(1yO(10) 1.773(13) Xxy+1z
Mo(1)—0(12) 1.777(13) Mo(150(3) 2.120(12)
Mo(1)—O(7)#7 2.186(12) Mo(BO(6)#3 2.361(11)
Se(1-0(2) 1.677(5) Se(HO(1) 1.720(5)
Se(1-0(3) 1.756(5) Se(2)0(4) 1.705(5)
Se(2)-0(6) 1.713(5) Se(20(5) 1.728(5)
Se(3y-0(8) 1.666(5) Se(3)0(7) 1.742(5)
Se(3y-0(9) 1.745(5)

Lap;MoTe;012
La(1)-O(1)#1 2.451(8) La(BO(4)#2 2.477(7)
La(1)-0(2) 2.500(8) La(1>O(6)#3 2.524(8)
La(1)-0O(5) 2.545(7) La(LyO(1)#4 2.610(8)
La(1)-0O(8) 2.634(8) La(1yO(2)#4 2.681(9)
La(1)-O(3)#2 2.821(8) Te(BHO(1) 1.848(8)
Te(1)-0(2) 1.858(8) Te(BHO(3) 1.898(8) ) ) )
Te(2)—O(4) 1.869(12) Te(2—}O(5) 1.882(11) Flgure 2. View of the structure of NQMOSQO;LO down thea axis. The
Te(2-0(3) 2.183(7) Te(2rO(3)#5 2.183(7) MoO; tetrahedra are shaded in cyan. Nd, Se, and O atoms are drawn as
Mo(1)—O(6)#5 1.754(8) Mo(1O(6) 1.754(8) green, pink, and red circles, respectively.
Mo(1)—O(7) 1.755(14) Mo(1}O(8) 1.793(11)

Nd:MoTesO12 network in which the Nd(lll) ions are interconnected by
Nd(1)-O(4)#1 2.324(4 Nd(BO(8)#2 2.334(4 .
NdElg—O§7; 2.396((3)) NdégOéS;#S 2.46054; SeQZ* anions and MoQtetrahedra. Both Nd(l) and Nd(2)
Nd(1)-O(8)#3 2.524(4) Nd(EyO(2)#2 2.547(3) are 8-coordinated by eight oxygen atoms (Figure 1). The
L\‘A((’)((ll))_%((i)) i:?%gg ,’\\‘A‘i((%%(é)) » 21'.‘;%3;((1)) Nd—O distances are in the range 2.40%Z)540(7) A (Table
Mo(1)—0(3) 1.782(4) Mo(1}-0(2) 1.802(5) 2), comparable to those reported in other neodymium(lil)
Te(1)-0(4) 1.838(4) Te(1yO(5) 1.891(4) selenites® The Mo atom is in a slightly distorted tetrahedral
$Zg)):8% 1-23%; lg%ggg#“ 11'98322((53)) coordination environment with MeO distances in the range

1.740(7)-1.816(6) A (Table 2). The coordination geometry

aSymmetry transformations used to generate equivalent atoms: for ;
NGMOSEO0 #1 X, —y - 1 —2. #2 —x, —y + 2. —2 #3%,y — 1.2 #4 around both Se(1) and Se(2) can be described as a8 SeO

X+ 1, —y+2 -7 #5x+1,y,2 #6—x+ 1, —y + 2, —z+ 1, #7—x trigonal pyramid. The SeO distances are in the range 1.680-
+1,-y+1 -z+1 #x—-1yz# —x —y+ 2 -z+ 1, for (7)-1.754(6) A. Bond valence calculations indicate that the
CAMOSEOw, BLXF Ly, 2 #2 x4 L 7y b2, "2 P2 887X+ L7y Mo atom is in an oxidation state of6 and the Se atoms
F1-z+1#Txy— 1, Z;yfor LagMOTesOno, ;,31/ X+ Yy —y +1,’ZJ¥ are+4; the calculated total bond valences for Mo(1), Se(1),
Yp, #2% + Yp, y, =2+ 112, #3—%, =y + 1, —z+ 1, #4x — Yy, y, —2 + and Se(2) are 5.84, 3.88, and 3.86, respectitely.
Z2+ Xt :/21 7 for NAMOTe0wz #1 7 + 17y, m2+ 2, #2x.Y, The interconnection of Nd(1) atoms via bridging selenite
' - v S yriaz groups leads to @01 layer (Figure 2), whereas Nd(2) atoms
Results and Discussion are bridged by MoQ@tetrahedra to form @02 Jayer (Figure
Structural Descriptions. Nd,M0oSe0;, GM0SeOx», 2). The above two types of layers are further interconnected

La,MoTe:0y,, and NdMoTesOy, represent the first examples Vi@ the Nd-O (selenite) bonds (Nd(2)0(6), Nd(2)-0O(8),
of lanthanide selenium(IV) or tellurium(lV) oxides decorated

(10) (a) Stancheva, M.; Petrova, R.; MacicekAdta Crystallogr.1998

by MoQ, tetrahedra or Mo@octahedra. They belong to four C54, 699. (b) Depedro, M.; Enjalbert, R.; Castro, A.; Trombe, J. C.;
different structural types. Galy, J.J. Solid State Chen1994 108 87. (c) Wickleder, M. SZ.
Naturforsch.2002 B57, 1414.
Nd:MoSeO,, can also be formulated as NW¥0Ox)- (11) (a) Brese, N. E.; O'Keeffe, MActa Crystallogr.1991 B47, 192. (b)
(SeQ),. The structure of NgMoSeO;, features a 3D Brown, |. D.; Altermatt, D.Acta Crystallogr.1985 B41, 244.

9316 Inorganic Chemistry, Vol. 44, No. 25, 2005



Luminescent Lanthanide Selenites and Tellurites

Figure 4. View of the structure of G#MoSeO;, down theb axis. The
MoOgs octahedra are shaded in cyan. Gd, Se, and O atoms are drawn as
green, pink, and red circles, respectively.

Figure 3. ORTEP representation of the selected unit in@aSe;01o.

The thermal ellipsoids are drawn at 50% probability. Symmetry codes for
the generated atoms: (ap-1,y,z (b) —x+ 1, -y + 2,—z+ 2; (c) —X
+2,-y+1,-z+2;(d)—x+1,-y+1,-z+2;(e)xy+1z(f —x
+1,-y+1,-z+1,@xy—1,z(h)x—1yz

and Nd(2)-0O(10)) into a 3D network (Figure 2). The selenite
group containing Se(1) chelates with a Nd(1) atom and also
bridges with two Nd(1) and two Nd(2) atoms. The selenite
group composed of the Se(2) atom bridges with four Nd(1)
and one Nd(2) atoms. The Ma@®etrahedron connects with , _ o
five Nd(2) atoms. The lone pairs of the selenium(lV) atoms iﬁ: {ﬁe?;na?gﬁ Ep-éepreszntat'ontoégge Se'ﬁ"gﬁi “”S" 'QmatTeBolé' f
psoids are drawn al 0 probabllity. symmetry codes tor

are oriented to the cavities of the structure. The effective the generated atoms: (a)x + Yo, =y + 1,z + Yz (b) X + Yo, y, =z +
volume of the lone pair is approximately the same as the "2(0) =% —y+1,=z+ L ([d)x =z, y, =2+ Y5 (€)%, =y + %>, Z ()
volume of an @ anion according to Galy and Anderssén. < fo =yt 12— (@ x = Yo =y + o 24 e

With the molar ratio of Se/Ln increased to 3:2, &d
MoSeO,, with a different structure was obtained. &d
MoSe0;, can also be formulated as @MoO3)(SeQ)s,
which can be considered as on&@nion of NgMoSe0,

in A,SeMoQ (A = Na, K, Rb)*® Such distortion is due to
the second-order JahiTeller effects of the octahedrally
coordinated 8imetals, which are reinforced by the lone pair

bei laced by the third seleni h fSe‘H cationst* Bond valence calculations indicate that the
eing replaced by the third selenite group. The structure o Mo atom is in an oxidation state of6 and the Se atoms

Gd:MoSe0,, features a 3D network of gadolinium selenite ;o 1 4. tha calculated total bond valences for Mo(1), Se(1),
with the MoGQ; octahedra occupying the cavities of the g o) and Se(3) are 5.99, 3.88, 3.89, and 3.88, respectively.
network. Both gadolinium atoms in the asymmetric unit are The Se(1)@ group is a pentadentate metal linker: it
8-coordinated with GetO distances ranging from 2'.337(5) chelates bidentately with a Gd(2) atoms and also bridges with
0 2'48.5(5) A, (_:omparabl_e to thf’se reported in other Gd(1), one Gd(2), and one Mo(1) atom. The Se{2)O
gadolinium selenite$:'3Unlike that in NdMoSeO, the g0, pridges with 4 Gd(1), 1 Gd(2), and 1 Mo(1). The Se-
molybdenum atom in G##10S&0s is octahedra_lly coordi- 3)Os group acts as a pentadenate group and is bonded to 2
nated by threg oxygen atoms from three selenite groups an d(1), 2 Gd(2) and 1 Mo(1). The interconnection of the'Gd
three G anions (Figure 3). The Mopoqtahedron IS ions by selenite groups results in a 3D network with tunnels
severely distorted, and the three MO (selenite) distances running along theb axis (Figure 4). The Mo@octahedra

(2.111(6)-2.353(5) A) are significantly longer than those are located at the tunnels formed by the gadolinium(lll
of three Mo-0 (O (1.736(6)-1.752(5) A) (Table 2). The  ¢oyonite (Figure 4). yhed (i

O~Mo~0 angles are also greatly deviated from 1&d La;MoTe;0;, and NdMoTeO;0;, were obtained in our
90°. The Mo atom is distorted toward an fa(_:e forme_d by attempts to prepare the tellurium(lV) analogue of,Gd
0.(10)’ O(11), and O(12) ‘.ito”.‘s (locak d|re9t|on) but is MoSe0O;,. Although their chemical compositions are com-
distorted away from the oxide ligands that bridge to the lone parable to that of G#MoSeOx, each of them belongs to a

: . 4 S .
pair cations, Se(IV)! Taking mt_o gccount the six MeO unique structural type. LB oTe;0,, has a three-dimensional
bond lengths as well as the deviations from <L80the three network structure whereas MdoTesOs, is layered

trAans O—Mol—OI bogd atr:gllei,gtge T]f"‘%n,'tUde of thebtlmstor‘cr:on The structure of LaMoTesO1, is composed of two LA
(Ad) was calculated to be 1.492, which is comparable to ¢ 95€ons, one MoG?~ anion, and one T®¢*~ anion (Figure 5).

(12) Galy, J.; Meunier, G.; Andersson, S.; AstroA. J. Solid State Chem. It can be viewed as two selenite groups in;MdSeO.o

1975 13, 142.
(13) Wickleder, M. S.; Goehausen, 4. Anorg. Allg. Chem200Q 626, (15) Wong, W.-K,; Liang, H.-Z.; Guo, J.-P.; Wong, W.-Y.; Lo, W.-K.; Li,
1725. K.-F.; Cheah, K.-W.; Zhou, Z.-Y.; Wong, W.-Eur. J. Inorg. Chem.
(14) Halasyamani, P. £hem. Mater2004 16, 3586. 2004 829.
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Figure 6. View of the structure of LeMoTe;0;, down thea axis. The

MoO;, tetrahedra are shaded in cyan. La, Te, and O atoms are drawn as

green, pink, and red circles, respectively.

being replaced by a E&g* anion. The L& ion is
9-coordinated by 7 oxygen atoms from 4;0g* anions
(one of them in a unidentate fashion, two of them forming
two La—O—Te—0 four membered chelating rings, and the
other one forming a LaO—Te—0O—Te—O six-member
chelating ring) and two oxygen atoms from two MgO
anions. The LaO distances range from 2.451(8) to 2.821-
(8) A (Table 2). Te(1) is 3-coordinated whereas Te(2) is
4-coordinated. The Te(2)Qgroup connects with two Te-
(1)Os groups through corner-sharing (O(3)) to form a0~
polytellurium(lV) oxide anion. The TeO distance of the
Te—O—Te bridge (2.183(7) A) is significantly longer than
the remaining Te-O bonds (1.848(8)1.898(8) A). Similar

to that in NgMoSe0,o, the Mo atom is in a tetrahedral
coordination geometry. The MeO distances range from
1.754(8) to 1.793(11) A, which are comparable to those in
Nd:MoSe0,,. The oxidation states of Mo and Te atoms are
+6 and+4, respectively, which are supported by the results
of bond valence calculatiort$.The calculated total bond

Shen et al.

Figure 7. ORTEP representation of the selected unit inbMdTe;012.
The thermal ellipsoids are drawn at 50% probability. Symmetry codes for
the generated atoms: (a)x + 1, -y, —z+ 2; (b)x,y,z+ 1; (c) —x +
1,-y,—z+ 1, d)x -y+¥z@€x -y+¥hz-1xyz—-1

Figure 8. View of the structure of NgMoTe;O;, down thec axis. The
MoOQ, tetrahedra are shaded in cyan. Nd, Te, and O atoms are drawn as
green, pink, and red circles, respectively.

distance (1.987(2) A). Unlike the metal diselenites, reports
on metal ditellurites are much few&?? In addition to the

valences for Mo(1), Te(1), and Te(2) are 5.89, 4.03, and 3.78, Te;Og*~ anion in LaMoTe;01, and ditellurite anion in Ng

respectively. The interconnection of the lanthanum(lll) by
chelating and bridging &®s* anions leads to a three-
dimensional network with tunnels along theaxis. These

MoTe;O1,, the Te(lV) ion can also form several other
polymeric units such as the F@*  anion in CeTgOs and
the linear TgO1:%~ anion in LnTeOy1; (LN = La—Lu).16

tunnels are formed by 20-membered rings (6 La, 4 Te, and Similar to those in NeMoSe0;, and LaMoTe;0;,, the Mo

10 O atoms). The MoQpolyhedra are located at the above
tunnels and connected with the3tdons via corner sharing
(Figure 6).

Nd,MoTes;0;, can also be formulated to be MNioO,)-
(TeOs)(Te;0s); it can be considered as thes0g*~ anion in
La,MoTes0, being replaced by a tellurite group and a
ditellurite group. Different from the La(lll) ion in La
MoTe;0i2, the Nd(l11) ion in NdAMoTe;O; is 8-coordinated
by eight oxygen atoms (Figure 7). The N@ distances in
the range of 2.324(42.603(4) A are comparable to those
in Nd,MoSe0O;,. The Te atoms in the tellurite and ditellurite

atom is in a tetrahedral coordination geometry with-MD
distances ranging from 1.716(6) to 1.802(5) A. The oxidation
states of Mo and Te are€6 and+4, respectively, which are
supported by the results of bond valence calculattéifie
calculated total bond valences for Mo(1), Te(1), and Te(2)
are 5.81, 3.69, and 3.81, respectively.

The interconnection of Nd(IIl) ions by bridging tellurite
and ditellurite groups lead td 00Cand 200 Jayers (Figure
8). Each tellurite anion bridges with six Nd(lll) ions, whereas
the ditellurite anion bridges with five Nd(l1l) ions. The MO
tetrahedron is connected to four Nd(lIIl) ions within the 2D

groups are each coordinated by three oxygen atoms, and theitayer, and the terminal O(1) atom is orientated to the
coordination geometries can also be described as & TeO interlayer space (Figure 8). The interlayer distance is about

trigonal pyramid in which the Te atom resides in the
pyramidal site. The TeO distances are in the range 1.838-
(4)—1.987(2) A (Table 2). The O6 atom bridging with two
Te atoms in the ditellurite group has the longest-Te

9318 Inorganic Chemistry, Vol. 44, No. 25, 2005

8.85 A.

IR spectra of the four compounds show WMe O stretch-
ing bands at 918933 cm and 846852 cmt. IR spectra
of Nd;MoSe0;0and GdMoSe0;; exhibit the characteristic
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Figure 9. Solid state emission spectrum of MeibSeO;o under excitation atex = 514 nm at (a) room temperature and(b) 10 K. The enlarged views of
the emission bands for (éFsz — 4lo2 and (d)4Fz, — 4112 at 10 K.
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Figure 10. Solid state emission spectrum of MdoTesO;, under excitation alex = 514 nm at (a) room temperature and (b) 10 K. The enlarged views
of the emission bands for (¢fFs2 — “lorz and (d)*Fs2 — “l112 at 10 K.

vibrations»(Se—-0) in the region from 896 to 740 cmh IR spectra are shown in Figures 9 and 10, respectively. Under
spectra of LaMoOTe;0,, and NgMoTe;0,, reveal Te-O excitation at 514 nm, both compounds display three sets of
stretch bands at 783 and 639 thand the vibrations at  characteristic emission bands for the Nd(lIIl) ion in the near-
580 and 466 cm can be assigned to MO—Te bonds?2 IR region (Table 3): ko — *lop, *Farz — 112 and*Fap —
Luminescent Properties. The solid state luminescent 413,581t should be noted that the intensity of tfe, —
properties of NéeMoSe0;o, and NdMoTe;0;, were inves- 4132 band in all spectra cannot be compared with those of
tigated both at room temperature and 10 K. Their emission the other two bands due to two different grating used (1200
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Table 3. Observed Emission Bands (nm) for MioSe0:o and N@MoTe;O;12 at Room Temperature and 10 K

NdzMOSQO]_o NdzMOTe:gOlz
RT 10K RT 10K
“Fap— %oz 880.5,894.0,907.0,917.5 878.7, 880.9, 885.6, 889.5, 894.5, 900.1, 908.5, 916.4  885.5, 893.5, 904.5 883.4,890.9, 898.3, 901.8, 912.1
4Fap— %112 1066.0, 1078.5 1053.9, 1057.9, 1060.9, 1063.7, 1065.4, 1070.1, 1055.5, 1067.0,1081.0 1064.6, 1068.1, 1077.9, 1082.0,
1078.1, 1083.7, 1086.3, 1093.9 1086.8, 1091.5
4F3p— %13, 1342.0,1376.5 1342.2,1351.8,1373.4 1349.0, 1373.0 1347.2,1369.3, 1388.9

line/mm grating for the 8561125 nm range and 300 line/ Nd,MoTe;01,, respectively. The lifetimes for tH&z, — 49
mm grating for the 13061450 nm range). Studies performed transition were not measured due to the limitation of the
by using these two different gratings in the 162550 nm instrument used.

region indicate that luminescence intensity obtained by using Magnetic Properties. Magnetic properties for N
the 1200 line/mm grating is approximately 75% of that MoSeO;0and NdgMoTesO;, have been studied at a magnetic
obtainedwith the 300 line/mm grating (see Supporting field of 10000 Oe in the temperature range3)0 K. Both
Information). NgdMoTe;0,, contains only one independent compounds are paramagnetic over the whole experimental
Nd(l1l) site whereas NgMoSeO1o contains two unique Nd-  temperature range. Since Mo(V), T¢Q TeOs?", and
(1) sites, all of them are in th&€; symmetry. Due to the  SeQ?  are diamagnetic, the paramagnetic contribution is
crystal field effect, each transition band was split into several expected to come solely from the Ndons. At 300 K, the
subbands (Table 3). TH&;, band is expected to splitinto  measuredynT values are 2.97 and 2.74 erfumol 1,

two sublevels whereas the complete degeneratiygf'l 11/, respectively, for NeMoSeO,, and NdMoTe;O;,. Hence,
and ‘13, leads to 5, 6, and 7 sublevels, respectiély. the effective magnetic momentgf's) are calculated to be
Therefore,*Fz;, — *lop, *Fa 2 — 115, and *Fzp — *lap 4.88 and 4.68:z, respectively, for NeMoSe0;0 and Nd-
transitions will have a maximum of 10, 12, and 14 subbands MoTe;O,,, which are slightly smaller than the theoretical
if both the lower and upper levels dFs, are populated.  values (both are 5.2g). At 2 K, theymT values are decreased
When two and more unique Nd(lll) sites are present suchto 1.03 and 0.89 emW-mol™?, respectively, for Ng

as NgMoSe0;,, the spectrum will be even more compli- MoS&010 and N@MoTesO;,, indicating the antiferromag-
cated. Due to the overlapping of some emission bands andnetic interactions between Nd(lll) centers.

resolution limit of the instruments, the observed emission  Plots ofyn* versusT indicate that both compounds obey
peaks are usually fewer than that expected (Table 3). At verythe Curie-Weiss law above 30 K, but slight deviation is
low temperatures such as 10 K, the lower levelfey, is observed below this temperature (see Supporting Informa-
the most likely populated one; hence, the corresponding tion). Linear fitting ofym~* with T above 100 K gave Weiss
emission spectra have much better resolution (Figures 9 andconstants 0f-32(2) and—23(1) K, respectively, for Nd
10). The low temperature emission spectrum for,Nd MoSeO;cand NdMoTe;0s,, indicating significant antifer-
MoTe;0;, displays 5 and 6 subbands for they, — *lgp romagetic interactions between Nd(Ill) ions in both com-
and“Fs, — %11, transitions, respectively, which is in good pounds. The shortest NdNd distance of 3.820(1) A in
agreement with theoretical expectations. Assuming the Nd:MoSeOx, is slightly shorter than that of 3.870(1) A in
energy the lowest sublevel 6fy, is 0 cnT?, the energy of NdMoTe;012, Which is probably responsible for the stronger
the lower level of*F5; is calculated to be 11320 crh and magnetic interactions in NMoSe0,. Another fact may be

the energies of the other four sublevels fbg, are 95.0,  related to the stronger magnetic interaction inMdSe00
188, 231, and 356 cm, respectively. Likewise, we can is that the structure of NMoSeO, is a close-packing 3D
calculate the energies for the six sublevelsigf, which network whereas that of NloTesO, is a more opened 2D

are 1927, 1958, 2043, 2078, 2119, and 2158 ‘cmrespec- layer. More detailed calculations of these magnetic interac-
tively. The energy calculations 63, sublevels are difficult ~ tions were not performed due to the complexity of the
due to the incompleteness of the degeneracy of its sublevelsstructures as well as the lack of suitable models.
and so are the calculations of the sublevels inNf@Se0,o
with two unique Nd(IIl) ions inC; symmetry. The lifetimes
for the*Fs , — 4o transition (YAG laser 335 nm excitation, In summary, the syntheses, crystal structures, IR, and
monitor wavelength 875 nm with PMT detector) were |uminescent properties of four new rare-earth selenites or
determined to be 0.21 and 0.20 ms for,NidSe;0;0 and telluites containing additional MaQtetrahedra or Mo@
octahedra have been described. Their structures can be
(16) (a) Song, J.-L.; Lei, C.; Mao, J.-Gorg. Chem2004 43, 5630. (b) viewed as lanthanide selenite or tellurium(lV) oxide-based
Veool. F. C. 1 M. Phys. Chen2o0a ALO? 2453, () Faulkner S OPen frameworks being decorated by Mo@trahedra or
Pope, S. J. AJ. Am. Chem. So2003 125, 10526. (d) Pope, S. J. A.;  MoOs octahedra. The Mogetrahedra in NgMoSeO;, form
?fa”r:’;”;flgé?é%a Boote, V. A.; Faulkner, Sl. Chem. Soc., Dalton g 2D layer with Nd(lll) ions, and the Moftetrahedra in
(17) Morrison, C. A.; Leavitt, R. P. Spectroscopic properties of triply NO:M0TesO1, act as pendant groups between the 2D layers
ionized lanthanides in transparent host crystalsdémdbook on the of lanthanide tellurium(lV) oxide. The Mofoctahedra in
EQ‘S’.S;'C,\TO?{]&%E%SRgﬂsﬁﬁg E&ﬁ;ﬁg;i’gﬁ&ﬁdrﬁ;'Bé”zr;'g\',(';lj 5, GdMoSe0;; are located at the tunnels formed by lanthani-

pp 461-693 and references therein. de(lll) selenite, whereas the Mq@Qtetrahedra in La

Conclusion
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MoTe;04, are located at the tunnels fifay(Te;Og)} 2" ions. Supporting Information Available: X-ray crystallographic files
Luminescent studies indicate that NEbSe0,o and Ng- and XRD powder patterns for MeloSeO:0, GM0Se0:,, Lay-
MoTe;O;; are possible candidates for 1,0 emission. We ~ MoTeO1, and N3MoTe;Ox,, plots of ymT versusT and ym *
believe that other new lanthanide luminescent compoundsversusT for Nd;MoSeO;o and NgMoTesOr,, as well as the
can be developed by applying two types of inorganic anions luminescent lifetime measurements and the comparison of the

as luminescent activators for lanthanide(lll) ions. luminescence intensity for théFs,; — *l11 transition at two
different gratings. This material is available free of charge via the
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