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Abstract

Two rare-earth compounds containing selenium atoms, La(HSeO3)(SeO4) with a new open framework structure and KNd(SeO4)2
with a layered structure, have been synthesized under ‘‘sol–gel’’ hydrothermal conditions for the first time. Single-crystals of

La(HSeO3)(SeO4) crystallize in the monoclinic system (P21, a ¼ 8:5905ð17Þ (A; b ¼ 7:2459ð14Þ (A; c ¼ 9:5691ð19Þ (A; b ¼ 104:91ð3Þ1;
Z ¼ 2; RAll ¼ 0:032). The structure contains puckered polyhedral layers made of LaOx (x ¼ 9; 10) and SeO4 groups, which are

connected via SeO3-uints to the 3D structure. The crytal structure of KNd(SeO4)2 (monoclinc, P21/c, a ¼ 8:7182ð17Þ (A; b ¼

7:3225ð15Þ (A; c ¼ 11:045ð2Þ (A; b ¼ 91:38ð3Þ1; Z ¼ 4; RAll ¼ 0:051) contains honeycomb-like six-ring NdO9 polyhedra forming layers

which are further decorated with SeO4 tetrahedra. The K+ ions occupy the interspaces of these layers and provide the charge

balance.

r 2004 Elsevier Inc. All rights reserved.
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1. Introduction

Rare-earth compounds containing selenium Se(IV)
and Se(VI), have been known for well over 100 years [1].
Although the literature and applications of the rare-
earth selenates and selenites are not nearly as extensive
as those of their phosphor containing counterparts, they
have been studied as potential precursors in the
synthesis of rare-earth phosphor and as ion exchangers
[2]. Of particular interest is the family of selenites due to
their stereochemically active lone pair of electrons on
the selenium atom. Thus, during the past decades,
considerable efforts have been devoted to the investiga-
tions on the structure chemistry of selenates and
selenites, and yielded a large number of rare-earth
e front matter r 2004 Elsevier Inc. All rights reserved.
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selenates and selenites compounds with varied and
interesting structures. These have included one-
dimensional structures, such as La2(SeO4)3(H2O)12 [3],
RbNd(SeO4)2(H2O)3 [4], CsNd(SeO4)2(H2O)4 [5],
layered structures, such as KPr(SeO4)2 [6], LaH(SeO3)2
[7], Pr2(HSeO3)2(SeO3)2 [8], and three-dimensional
structures such as La(HSeO4)3 [9], La(SeO3)2 [10],
NaLa(SeO3)2 [11]. Up to the present day, there have
also been three examples of compounds containing both
Se(IV) and Se(VI) oxyanions in the crystal structures,
La(HSeO3)(SeO4)(H2O)2 [12], NaSm(SeO3)(SeO4) [13]
and Er(SeO3)(SeO4)0.5(H2O) [14].

Although the hydrothermal method has played an
important role in the preparation of the selenates and
selenites owing to its advantages with respect to growth
and isolation of the single crystals, some disadvantages
are obvious. For example, to withstand the pressure
involved in hydrothermal synthesis, a special reaction
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vessel is usually required to avoid an explosion [15–18].
Therefore, the approaches to reduce the reliance
on traditional solvents will be of tremendous importance
in solving these problems. In this paper, we report a
new synthetic method to prepare new materials in
the rare-earth–selenate/selenite system by the sol–gel
process under hydrothermal conditions, which interest-
ingly lead to the isolation of the title compounds,
La(HSeO3)(SeO4), 1 and KNd(SeO4)2, 2, suggesting that
this method may be exploited for the preparation of
novel compounds in metal-oxo-selenium system and
other related systems.
Table 1

Crystal structure refinement data for La(HSeO3)(SeO4) and

KNd(SeO4)2

Structure param 1 2

Empirical formula H2 La2 O14 Se4 K Nd O8 Se2

Formula weight 819.68 469.26

Wavelength (Å) 0.71073 0.71073

Crystal system Monoclinic Monoclinic

Space group P21 P21/c

a (Å) 8.5905(17) 8.7182(17)

b (Å) 7.2459(14) 7.3225(15)

c (Å) 9.5691(19) 11.045(2)

b (1) 104.91(3) 91.38(3)

V 575.6(2) Å3 704.9(2) Å3

Z 2 4

D(calc) (Mg/m3) 4.729 4.422

m(MoKa) (mm�1) 20.048 18.289

F(000) 728 844

y range (1) 2.20–27.05 2.34–27.08

Total data collected 2799 3293

Unique data 1950 1497

Observed data 1840 1175

GOF on F2 1.078 1.00

Final R indices

[I42s(I)]
Ra

1 ¼ 0:030;

wRb
2 ¼ 0:075

Ra
1 ¼ 0:041;

wRb
2 ¼ 0:098

R indices (all data) R1 ¼ 0:032;
wR2 ¼ 0:076

R1 ¼ 0:051;
wR2 ¼ 0:102

Ra
1 ¼ SjjFoj2jF cjj=SjFoj: wRb

2 ¼ fS½wðF2
o2F2

c Þ
2
	=S½wðF2

oÞ
2
	g1=2; where

w=1/[s2(Fo
2)+(0.0302P)2+5.74P] with P=(Fo

2+Fc
2)/3.
2. Experimental

2.1. Synthesis and characterizations

The reagents used were commercially obtained with
analytical purities and used without further purification.
The synthesis of the title compounds were prepared as
follows: for 1, 0.326 g of La2O3 (acidified with HNO3),
0.1 g of KOH and 0.65mL of H2SeO4 (40 wt%) were
mixed in 5mL of deioned water in molar ratio 1:2:3, and
the solution was stirred for 30min. After this period,
1.34mL of Si(OC2H5)4 (TEOS) was added gradually to
this mixture, and the resulting sol was stirred at a
temperature of 353K till the formation of a wet
colorless transparent gel. A similar process was carried
out for 2 and a pink transparent wet gel was obtained.
These wet gels were sealed in 15mL Teflon-lined
stainless steel autoclaves and heated for 3 days under
autogenous pressure at 473 and 483K for compounds 1
and 2, respectively. The resulting colorless column-like
and pink plate-like crystals, respectively, were isolated
from the residue of these gels. The yields were 80%
based on La2O3 for 1 and 85% based on Nd2O3 for 2.

The products were examined by powder X-ray
diffraction (Rigaku D/max 2550V diffractometer,
CuK) in order to confirm their phase identity and
purity. The experimental diffraction patterns were in
good agreement with the ones calculated from the
structures determined by single-crystal X-ray diffrac-
tion. The EDS analyses (EPMA_8705QH2 electron
microscope equipped with a LINK ISIS) indicated no
presence of Si element in both compounds. Elemental
analysis by ICP-AES (Varian Vista, radial observation):
Found: La, 33.81; Se, 38.59. Calc. for 1: La, 33.89; Se,
38.53. Found: K, 8.27; Nd, 30.66; Se, 33.72%. Calc. for
2: K, 8.31; Nd, 30.74; Se, 33.65%.

Infrared spectra were collected on a Digilab-FTS-80
spectrophotometer using KBr pellets of the samples, and
showed features consistent with the presence of (HSeO3)

�

and (SeO4)
2� anions. Thus, for compound 1, the peaks at

785, 813, and 435 cm�1 were ascribed to the vibrations of
SeO3

2�. Peaks observed at the region 915–845 and
416 cm�1 are associated with SeO4
2� units. The peak at

1342 cm–1 was attributed to the vibrations of the O–H
group. For compound 2, the spectrum exhibits the SeO4

2�

vibrations between 846 and 449 cm�1.

2.2. Crystal structure determinations

Crystals from each compound were selected under a
polarizing microscope, glued to a thin glass fiber with
cyanoacrylate (superglue) adhesive, and inspected
for singularity. Two of them were chosen,
(0.20� 0.10� 0.10mm for 1 and 0.30� 0.1� 0.1mm
for 2), and data sets were collected at 295K on a Nonius
Kappa CCD diffractometer equipped with a normal
focus, 2.4 kW sealed tube X-ray source (MoKa radia-
tion, l ¼ 0:71073 (A) operating at 50 kV and 40mA.
Additional information about the data collection and
structure refinement is presented in Table 1. The data
were corrected for absorption using the SADABS
program [19]. The structures were solved by direct
methods and refined against |F2| with the aid of the
SHELXTL-97 package [20]. For 1, the lanthanum and
selenium atoms were located form the structure solu-
tion, whereas the oxygen atoms and hydrogen atom
were found in the difference Fourier maps. For 2, all the
non-hydrogen atoms were located by the direct methods
and subsequently refined anisotropically. The atomic
positional and displacement parameters are given in
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Table 2

Atomic coordinates (� 104) and equivalent isotropic displacement

parameters (Å2
� 103) for La(HSeO3)(SeO4)

x y z UðeqÞ

La(1) 2551(1) 3986(1) 2989(1) 6(1)

La(2) �2392(1) 2140(1) 2963(1) 6(1)

Se(1) 637(1) 2198(2) 6065(1) 6(1)

Se(2) 5648(1) 3924(2) 6130(1) 6(1)

Se(3) 5102(1) 5597(2) 640(1) 9(1)

Se(4) �409(1) 2972(2) �243(1) 9(1)

O(1) 3732(7) 4515(10) 5902(6) 8(1)

O(2) 3172(8) 582(13) 3092(6) 11(1)

O(3) 1860(8) 548(13) 6797(7) 11(1)

O(4) 917(8) 4032(13) 7063(7) 12(1)

O(5) 736(7) 2599(11) 4399(6) 12(1)

O(6) 3968(8) 7023(13) 2937(7) 13(1)

O(7) �1269(7) 1513(10) 5776(6) 8(1)

O(8) 5689(7) 3531(11) 4437(6) 10(1)

O(9) 3555(7) 5300(11) �810(6) 12(1)

O(10) 6669(8) 4551(11) 17(7) 16(2)

O(11) �310(7) 2544(10) 1524(6) 9(1)

O(12) 1758(7) 2718(10) 97(7) 13(1)

O(13) 4865(8) 3782(13) 1654(7) 13(1)

O(14) 951(7) 5982(10) 1061(6) 13(1)

H(1) 7503(3) 4572(2) �140(4) 50

H(2) 4452(3) 6877(8) 2100(2) 50

Table 3

Atomic coordinates (� 104) and equivalent isotropic displacement

parameters (Å2
� 103) for KNd(SeO4)2

x y z U(eq)

Nd(1) 576(1) 1659(1) 3480(1) 9(1)

Se(1) 2821(1) 1579(1) 5893(1) 9(1)

Se(2) �1910(1) 1635(1) 1076(1) 9(1)

K(1) 5662(2) 3564(3) 3406(2) 18(1)

O(1) �1008(6) 7(7) 1872(5) 13(1)

O(2) 4118(7) 175(8) 6349(6) 23(1)

O(3) 1387(6) �1581(7) 3070(5) 13(1)

O(4) 3048(6) 2558(7) 4571(5) 14(1)

O(5) �1216(7) 3323(7) 4721(5) 17(1)

O(6) �3738(6) 1474(7) 1024(6) 18(1)

O(7) 1190(6) 506(7) 5573(5) 14(1)

O(8) 2484(6) 3157(7) 6911(5) 17(1)
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Tables 2 and 3. Further details of the crystal structure
investigations can be obtained from the Fachinforma-
tionszentrum Karlsruhe, 76344 Eggenstein-Leopoldsha-
fen, Germany, (fax: (49) 7247-808-666; e-mail:
crysdata@fiz.karlsruhe.de) on quoting the depository
number CSD 391294 and 391293.
3. Results and discussion

3.1. Synthesis

Reactions of selenic acid with the rare-earth salts in
the presence of TEOS via the sol–gel method under the
hydrothermal conditions, led to two new complexes with
layered and framework structures, respectively. Accord-
ing to the experimental investigations, we noted that the
sol–gel processing is the key factor for the preparation
of such compounds. When the reactants cannot
form the wet gels, the product only consists of the
powder of the known compounds, La2(SeO4)3 � 5H2O or
Nd2(SeO4)3 � 5H2O, although all other conditions are
kept constant. Additionally, it is of great interest that
TEOS acts as a very subtle and important actor in the
reaction process, as it is found that Si participates in the
sol–gel process but is afterwards isolated from the
products. All these indicate that the wet gels from TEOS
provide a special reactive environment for selenic and
rare-earth ions. As a result, these ions distributed evenly
in the TEOS matrix and could self-assemble in the wet
gels to form the crystals under suitable temperature
conditions.

3.2. Crystal structure of La(HSeO3)(SeO4)

Selected bond distances and bond angles for com-
pound 1 are listed in Table 4. La(HSeO3)(SeO4) is the
second well-characterized lanthanum compound con-
taining both Se(IV) and Se(VI) oxyanions in the crystal
structure. The asymmetric unit contains two indepen-
dent lanthanum centers. La(1) is surrounded by ten
oxygen atoms from five SeO4

2� and three HSeO3
� groups

with dav[La–O]=2.62 Å (Fig. 1a), defining the geometry
of a distorted bicapped square antiprism. La(2) is in
nine-fold coordination of oxygen atoms, each of which
make a linkage to the selenium atoms (dav[La–O]=
2.59 Å) (Fig. 1b). This coordination polyhedron can be
best described as a monocapped square antiprism. Two
independent selenium(IV) atoms with their lone pair of
electrons are coordinated by three oxygen, forming
a triangular pyramid (SeO3)

2� with Se4+ located at
its apical corner (dav[Se(1)–O]=1.71 Å, dav[Se(2)–O]=
1.72 Å), while two selenium (VI) atoms are tetrahedrally
coordinated with bond lengths similar to those found in
selenate compounds (dav[Se(3)–O]=1.64 Å, dav[Se(4)–O]=
1.64 Å) (see Fig. 1).

The La(1)O10 and La(2)O9 polyhedra share two
edges, O11–O8 and O13–O5, along the a-axis making
up to a pseudo-1D lanthanum oxide chain of composi-
tion [–La(1)O10–La(2)O9–La(1)O10–La(2)O9–] with a
La–La minimum distance of 4.45 Å and similar crystal-
lographic geometry like that observed in La(HSeO3)
(SeO4)(H2O)2 [12]. However, while the single chains in
the latter compound are isolated, the chains in
compound 1 additionally share edges with the neighbor-
ing chains via La(1)–O(1)–La(2) and La(1)–O(7)–La(2)
bridges, forming a puckered layer motif that stack
perpendicular to the c-axis (Fig. 2). Numerous six-ring
‘‘windows’’ (i.e., a loop consisting of six edge-shared
lanthanum polyhedra) are formed in this puckered layer,

mailto:crysdata@fiz.karlsruhe.de
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Table 4

Selected bond distances (Å) and angles (1) in La(HSeO3)(SeO4)

La(1)–O(14) 2.466(6) La(2)–O(5) 2.706(6)

La(1)–O(5) 2.518(6) Se(1)–O(4) 1.618(8)

La(1)–O(2) 2.520(10) Se(1)–O(3) 1.626(8)

La(1)–O(6) 2.521(9) Se(1)–O(5) 1.644(6)

La(1)–O(7)a 2.575(7) Se(1)–O(7) 1.664(6)

La(1)–O(13) 2.630(7) Se(2)–O(2)e 1.623(8)

La(1)–O(11) 2.707(6) Se(2)–O(6)f 1.628(9)

La(1)–O(8) 2.715(6) Se(2)–O(8) 1.654(6)

La(1)–O(1) 2.736(6) Se(2)–O(1) 1.660(6)

La(1)–O(12) 2.828(6) Se(3)–O(9) 1.670(6)

La(2) O(9)b 2.441(7) Se(3)–O(13) 1.677(8)

La(2)–O(3)a 2.511(9) Se(3)–O(10) 1.776(7)

La(2)–O(11) 2.539(6) Se(4)–O(14)b 1.650(7)

La(2)–O(4)c 2.587(9) Se(4)–O(11) 1.700(6)

La(2)–O(1)c 2.602(7) Se(4)–O(12) 1.815(6)

La(2)–O(8)d 2.631(6) O(10)–H(1) 0.78(2)

La(2)–O(13)d 2.649(7) O(6)–H(2) 0.99(1)

La(2)–O(7) 2.655(6)

O(14)–La(1)–O(5) 109.4(2) O(1)c–La(2)–O(5) 111.5(2)

O(14)–La(1)–O(2) 132.4(2) O(7)–La(2)–O(5) 56.75(18)

O(5)–La(1)–O(2) 75.1(2) O(11)–La(2)–O(7) 116.53(18)

O(2)–La(1)–O(6) 139.2(2) O(9)b–La(2)–O(5) 129.3(2)

O(5)–La(1)–O(7)a 69.0(2) O(4)–Se(1)–O(5) 113.0(4)

O(14)–La(1)–O(13) 90.9(2) O(3)–Se(1)–O(5) 111.0(3)

O(2)–La(1)–O(13) 77.6(3) O(3)–Se(1)–O(7) 110.6(4)

O(7)a–La(1)–O(13) 136.8(3) O(5)–Se(1)–O(7) 100.7(3)

O(6)–La(1)–O(11) 134.9(2) O(2)e–Se(2)–O(6)f 111.1(4)

O(1)–La(1)–O(12) 167.2(2) O(6)f–Se(2)–O(8) 109.8(4)

O(9)b–La(2)–O(3)a 129.8(2) O(8)–Se(2)–O(1) 100.7(3)

O(3)a–La(2)–O(4)c 141.1(2) O(6)f–Se(2)–O(1) 110.1(3)

O(9)b–La(2)–O(1)c 79.9(2) O(9)–Se(3)–O(13) 101.0(3)

O(11)–La(2)–O(8)d 150.8(2) O(9)–Se(3)–O(10) 100.1(3)

O(3)a–La(2)–O(13)d 73.8(2) O(13)–Se(3)–O(10) 94.3(4)

O(9)b–La(2)–O(7) 136.5(2) O(14)b–Se(4)–O(11) 104.4(3)

O(4)b–La(2)–O(7) 79.0(2) O(14)a–Se(4)–O(12) 98.5(3)

O(3)a–La(2)–O(5) 72.5(2) O(11)–Se(4)–O(12) 91.0(3)

a
�x,y þ 1

2
;�z þ 1:

b
�x,y � 1

2
;�z.

c
�x,y � 1

2
;�z þ 1:

dx�1,y,z.
e
�x+1,y þ 1

2
;�z þ 1:

f
�x+1,y � 1

2
;�z+1. Fig. 1. Environments of La3+ ions in the crystal structure of

La(HSeO3)(SeO4): (a) coordination of La(1)O10; and (b) coordination

of La(2)O9.
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with the SeO4 tetrahedra connected to each ring. Both
edge and corner sharing are observed between the LaOx

(x ¼ 9; 10) polyhedra and SeO4 groups via one three-
coordinated oxygen, O5, and two-coordinated oxygen,
O3, O4 and O7, forming cationic (LaSeO4)

+ sheets.
Two distinct Se(IV) atoms of triangular pyramids
(SeO3)

2� occupy the interspaces alternately and bridge
the layers into a three-dimensional structure by Se–O–
La bonds (Fig. 3). Two out of the three O atoms of
Se(3)O3 group make one bond with lanthanum cations
from two adjacent sheets, respectively, while the
remaining one is a protonated oxygen. On the other
hand, each Se(4)O3 group is edge-connected and corner-
connected with two neighbouring layers. The triangular
oxygen bases of these groups lie parallel to (0 1 0) and
all (SeO3)
2� units are pointing in the same direction.

Two hydrogen atoms sit on the oxygen O6 and
O10, respectively, interact with the inorganic layers
via hydrogen bonds (O6–H1yO13=2.43(2) Å,
O10–H2yO11=2.59(2) Å).

3.3. Crystal structure of KNd(SeO4)2

Selected bond distances and bond angles of 2 are
listed in Table 5. KNd(SeO4)2 is isostructural with
KPr(SeO4)2 [6]. The structure can be considered as a
layered structure with [Nd(SeO4)2]

� groups, separated
by K+ cations. The Nd-atom coordinated by nine
oxygen atoms within 3 (A (dav[Nd–O]=2.52(3) Å) (see
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Fig. 2. Projection of La and Se network of La(HSeO3)(SeO4) down the c-axis, showing the lanthanum polyhedral puckered layers with six-ring

windows built from the edge-sharing LaOx (x ¼ 9; 10) units, and SeO4 groups are located in the creases of the puckered layers, connecting with

lanthanum cations by sharing edges and corners.

Fig. 3. Projection of La and Se network of La(HSeO3)(SeO4) along the

a-axis, showing that the puckered layers are edge- and corner-

connected by the SeO3 groups, which located in the interspaces of

these layers (LaO9 and LaO10 polyhedron, pink; SeO4 tetrahedron,

green; SeO3, blue, Se atom, blue sphere, H atom, black sphere).

Table 5

Selected bond distances (Å) and angles (1) in KNd(SeO4)2

Nd(1)–O(6) 2.431(6) Se(1)–O(2) 1.601(6)

Nd(1)–O(9)a 2.435(6) Se(1)–O(4) 1.642(5)

Nd(1)–O(3) 2.519(5) Se(1)–O(8) 1.656(5)

Nd(1)–O(1) 2.531(5) Se(1)–O(9) 1.644(6)

Nd(1)–O(1)c 2.512(5) Se(2)–O(7) 1.598(5)

Nd(1)–O(4) 2.531(5) Se(2)–O(6)a 1.627(6)

Nd(1)–O(3)c 2.717(6) Se(2)–O(1) 1.667(5)

Nd(1)–O(8) 2.506(5) Se(2)–O(3)c 1.668(5)

Nd(1)–O(8)b 2.461(5)

O(6)–Nd(1)–O(9)a 146.43(18) O(2)–Se(1)–O(4) 117.5(3)

O(9)a–Nd(1)–O(8)b 141.58(18) O(2)–Se(1)–O(9) 111.8(3)

O(8)b–Nd(1)–O(8) 60.8(2) O(4)–Se(1)–O(9) 109.2(3)

O(8)–Nd(1)–O(3) 78.12(18) O(9)–Se(1)–O(8) 108.2(3)

O(8)b–Nd(1)–O(4) 119.97(17) O(4)–Se(1)–O(8) 98.0(3)

O(3)–Nd(1)–O(4) 95.24(17) O(7)–Se(2)–O(1) 115.0(3)

O(8)b–Nd(1)–O(1) 69.75(17) O(7)–Se(2)–O(6)a 111.1(3)

O(3)–Nd(1)–O(1) 64.83(17) O(6)a–Se(2)–O(1) 108.5(3)

O(6)–Nd(1)–O(3)c 73.38(17) O(1)–Se(2)–O(3)c 98.2(3)

O(4)–Nd(1)–O(3)c 133.86(16) O(6)a–Se(2)–O(3)c 113.7(3)

ax,�y � 1
2
; z � 1

2
:

b
�x,�y,�z+1.

c
�x,y þ 1

2
;�z þ 1

2
:
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Fig. 4), exhibits the geometry of a monocapped square
antiprism. Each NdO9 polyhedron shares three edges
with three neighboring neodymium groups to form
NdO9 polyhedral sheets with six-ring windows. SeO4

tetrahedra are distributed on both sides of these sheets
and connect with NdO9 units through sharing one
edge and one corner, leading to a ‘‘T–P–T’’ (tetrahe-
dron–polyhedron–tetrahedron) layer (Fig. 5). The
terminal oxygen atoms of SeO4 tetraheda point toward
the surface of each layer, giving rise to the lower
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dimensionality of the structure. The guest K+ ions occupy
the interlayer space of layers to keep the structural stability
and satisfy the charge balance (Fig. 6).
Fig. 5. Projection of Nd and Se network of KNd(SeO4)2 along the a-axis, showing the inorganic layers with six-ring windows built from the edge-

sharing NdO9 units, and SeO4 groups occupy both sides of these layers linked via Se–O–Nd bonds.

Fig. 4. Coordination of Nd3+ ions in the crystal structure of

KNd(SeO4)2.

Fig. 6. Projection of Nd and Se network of KNd(SeO4)2 along the c-

axis, showing the parallel stack of the inorganic layers in the [100]

direction, and K+ ions occupy the interspaces of layers (NdO9

polyhedron, pink; SeO4 tetrahedron, green; K atom, gray sphere).



ARTICLE IN PRESS

Fig. 7. Rare earth metal network with similar six-ring windows in the

structures of La(HSeO3)(SeO4) and KNd(SeO4)2: (a) the six-ring

puckered network of La atoms in La(HSeO3)(SeO4); and (b) the six-

ring plane network of Nd atoms in KNd(SeO4)2.
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A comparison of the two rare-earth compounds
containing selenium atoms, examined in this manu-
script, shows, that similar edge-shared rare-earth
polyhedral networks with six-ring windows exist in
both structures (Fig. 7). Additionally, these six-ring
window networks in the title compounds exhibit
different crystallographic features. Thus, KNd(SeO4)2
exhibits honey-comb like six rings, while the sheet
of six-rings parallel to (0 1 1) in La(HSeO3)(SeO4) is
corrugated. Up to now, such puckered sheets have
never been observed in rare earth selenites and sele-
nates compounds. This strongly suggests that more
materials with novel structures can be obtained by
employing the sol–gel hydrothermal synthesis method
presented here.
4. Conclusions

Two rare earth compound containing selenium atoms,
La(HSeO3)(SeO4) with a new open framework structure,
and KNd(SeO4)2 with a layered structure have been
synthesized under ‘‘Sol–gel’’ hydrothermal conditions
for the first time. Similar edge-shared rare earth
polyhedral networks with six-ring windows exist in both
structures, yet have different stacking character (the
former has puckered layers, while the latter has
honeycomb like slabs), which indicates that the Si
matrix might play an important role during the
formation of these inorganic compounds. The successful
syntheses of the two compounds not only further
complete the family of rare earth selenite and selenate
systems, but also provide important information for
further developing novel rare earth selenites or selenates
and related inorganic materials by using the sol–gel
hydrothermal method.
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