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Three new lanthanide silicates K1.25Gd1.25Si2.5O7.5 (denoted as GdSiO-CJ7), Cs3TbSi8O19 3 2H2O (denoted as TbSiO-CJ8),
and Cs3DySi6O15 (denoted as DySiO-CJ9) were synthesized by using a high-temperature and high-pressure hydrothermal
method. Their structures determined by single-crystal X-ray diffraction revealed anionic silicate chain, layer and framework,
which are further connected with LnOn polyhedra to form novel lanthanide silicate frameworks. The structure of GdSiO-CJ7
consists of unbranched silicate chains [Si5O15]

10- extending along the b axis, which are linked together by edge-sharing linked
GdO6 andGdO8 chains along the c axis to form a 3-D framework with two types of 10-ring channels along the [010] and [001]
directions, respectively. The structure of TbSiO-CJ8 consists of double 4,8-net sheets [Si8O19]

6- built up fromSiO4 tetrahedra,
which are linked together via TbO6 octahedra to form a 3-D framework with 8-ring channels along the [100] and [010]
directions. The structure of DySiO-CJ9 is based on a 3-D silicate framework [Si6O15]

6- with 6-rings, whereDyO6 octahedra are
located between two adjacent 6-rings and connected with six Si atoms via O atoms. The photoluminescence photo-
luminescence properties of TbSiO-CJ8 and EuSiO-CJ8 were investigated.

Introduction

Microporousmetal silicates constitute an important class of
materials because of their uniform microporosity, high ther-
mal stability and technological importance in applications

such as catalysis, ion-exchange and separation.1,2 A large
number of main group elements,3-6 transition metals,7-17

lanthanide elements,18-29 and uranium30-35-based silicates
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have been synthesized. Most of these compounds were syn-
thesized under mild hydrothermal conditions in Teflon-lined
stainless steel autoclaves in the temperature range of 100-
240 �C. Recently, a lot of research has been focused on the
synthesis of metal silicates under high-temperature and high-
pressure conditions. High pressure in the synthetic chemistry
can play two important roles: first, decreasing the interatomic
distances in existing materials; second, synthesizing of new
materials through the densification effect, the stabilization of
the precursors, the compressing of the corresponding atoms
and improvement of the reactivity.36 For examples, Harrison
et al. reported a titanosilicate Cs3HTi4O4(SiO4)3 3 4H2O syn-
thesized at 750 �C and 200MPa in 1995.37 Lii and his research
group have done extensive work in this field, since 2002. They
have synthesized a series of metal silicates, including niobium
silicates,13 vanadium silicates,14 indium silicates,15,16 stanno-
silicates,17 and uranium silicates33-35 by means of high tem-
perature and high pressure method.
In recent decades, many studies were expanded to the lan-

thanide silicates because of their high thermal stability and
interesting luminescent properties. In 2000, the first cerium
silicate AV-5 was reported by Rocha and co-workers under
mild hydrothermal conditions at 503K.20 Later on, they re-
porteda series of lanthanide silicates includingAV-9 (Ln=Eu,
Tb, Er),18 AV-20 (Ln=Ce, Sm, Eu, Tb),19 AV-21 (Ln=La,
Sm, Eu, Gd, Tb),27 AV-22 (Ln = Eu, Gd, Tb, Er),28 and
AV-23 (Ln=Y, Eu, Tb, Er).29 In 2002, Jeong et al. reported a
hydrothermally synthesized lanthanide silicateNa4.8Ce2Si12O30

with 8-ring channels.21 Recently, our research group reported
two microporous lanthanide silicates TbSiO-CJ1 containing
helical sechser (six) silicate chains and 9-ring channels25 and
CeSiO-CJ2 containing mixed valence of cerium CeIII/CeIV.26

However, the reports of lanthanide silicates synthesized under
high-temperature and high-pressure conditions are limited. In
1993, Haile and co-workers first used high-temperature and
high-pressure technique in the hydrothermal synthesis and
successfully prepared a number of neodymium and yttrium
silicates to search for fast alkali ion conductors.38,39 In 2005, Lii
and co-workers reported a new europium silicate Cs3EuSi6O15

synthesized at 600 �Cand 170MPa, and investigated its crystal
structure as well as luminescence properties.24 Generally, these
compounds can not be obtained under mild hydrothermal
conditions.
In this work, we employed the high-temperature and

high-pressure hydrothermal synthetic method to successfully
synthesize three new types of lanthanide silicatesK1.25Gd1.25-
Si2.5O7.5 (GdSiO-CJ7), Cs3TbSi8O19 3 2H2O (TbSiO-CJ8),
and Cs3DySi6O15 (DySiO-CJ9). GdSiO-CJ7 and TbSiO-
CJ8 have 10- and 8-ring channels, respectively, while DyS-
iO-CJ9 has only 6-rings. The photoluminescence properties
of TbSiO-CJ8 and EuSiO-CJ8 have been investigated.

Experimental Section

Under high-temperature and high-pressure conditions,
three new lanthanide silicates were synthesized by varying
the rare-earth elements, the cations, the temperature and the
reaction time.

Synthesis of K1.25Gd1.25Si2.5O7.5 (GdSiO-CJ7). GdSiO-CJ7
was synthesized from the reactionmixture of 0.301 g ofKOH, 0.15
g of GdCl3 3 6H2O, 0.097 g of fumed silica (molar ratio K/Gd/Si=
6.67:1:4) ,and 400 μL of water in a 7 cm long copper tube (inside
diameter = 4 mm). The sealed copper tube and 75 mL of distilled
waterwere put in theNIKKISOautoclave andheated at 400 �C for
14 days. The pressure was estimated to be 80MPa according to the
pressure-temperature diagram of pure water. Then the autoclave
was taken out of the furnace and cooled to room temperature by
natural cooling. The resulting cubic-shaped colorless crystals with
some amorphous phase were washed with distilled water and dried
in air at 60 �C.

Synthesis of Cs3TbSi8O19 3 2H2O (TbSiO-CJ8). TbSiO-CJ8
was synthesized under high-temperature and high-pressure hydro-
thermal conditions. The reactions were carried out in a platinum
ampule contained in a Leco Tem-Pres autoclave under autogenous
pressure. Typically, a reaction mixture of 466 μL CsOH(aq) (50 wt
%, d= 1.72 g/mL), 0.05 g of Tb4O7, and 0.0964 g of fumed silica
(molar ratioCs/Tb/Si=10:1:6) was sealed in a 2 cm long platinum
ampule (inside diameter = 3 mm) with a little amount of water
(about 80μL).Then the sealedplatinumampuleand15mLdistilled
water were put in the Leco autoclave and heated at 600 �C for three
days. The filling percentage of the autoclave by distilled water at
room temperature was 65%. The pressure was estimated to be 220
MPa according to the pressure-temperature diagram of pure
water. After the reaction, the autoclave was cooled to 400 �C at a
rate of 2 �C/h, followedby removing the autoclave from the furnace
to fast cooling to room temperature. The product containing
colorless short-rod crystals mixed with some amorphous phase
was washed with distilled water and dried in the air at 60 �C.

Pure powder phase of TbSiO-CJ8 could be synthesized under
mild hydrothermal conditions. Typically, 0.521 g of CsOH (aq,
50 wt %) and 0.052 g SiO2 were first dissolved in 2.0 mL of
deionizedwater. Then 0.05 gTb(NO3)3 3 6H2Owas subsequently
added. The resulting mixture has a molar ratio of CsOH/Tb-
(NO3)3/SiO2/H2O = 12:1:6:1000. After the mixture was con-
tinuously stirred for 1 h, the homogeneous gel was loaded in a
Teflon-lined stainless steel autoclave (15 mL). The reaction was
conducted at 230 �C for 14 days under static condition. Under
the similar reaction conditions, using Eu(NO3) 3 6H2O instead of
Tb(NO3)3 3 6H2O, could give rise to the analogous europium
silicate (denoted as EuSiO-CJ8).

Synthesis of Cs3DySi6O15 (DySiO-CJ9). The synthesis con-
ditions of DySiO-CJ9 were similar to those of TbSiO-CJ8,
except for using Dy2O3 instead of Tb4O7 as the raw material.
The startingmaterials were 385 μLCsOH (aq) (50wt%, d=1.72
g/mL), 0.04 g of Dy2O3, and 0.0663 g of fumed silica, and the
molar ratio of Cs/Dy/Si was 10:1:5. The reaction produced
stick-shaped colorless crystals and some amorphous phase.

Characterizations. The X-ray powder diffraction (XPRD)
was performed on Rigaku D/max 2550 X-ray diffractometer.
Inductively coupled plasma (ICP) analysis was performed on a
Perkin-Elmer Optima 3300 DV ICP instrument. The TGA was
carried out on a Perkin-Elmer TGA-7 thermogrametric analyzer in
the air with a heating rate of 10 �C/min. The photoluminescence
measurement was performed on F-4500 FL Spectrophotometer.

Suitable single crystals of GdSiO-CJ7, TbSiO-CJ8 and DyS-
iO-CJ9 with dimensions of 0.10 � 0.10 � 0.08 mm3, 0.15 �
0.12� 0.10 mm3 and 0.12� 0.10� 0.08 mm3, respectively, were
selected for single-crystal X-ray diffraction analysis. Intensity
data collection and structure analysis were performed on a
Bruker SMART CCD diffractometer using graphite-mono-
chromatedMoKR radiation (λ=0.71073 Å) at room tempera-
ture. Data processing was accomplished with the SAINT
processing program. The structures were solved by direct meth-
ods and refined by on F2 by full-matrix least-squares techniques
using SHELXTL crystallographic program package. These
three structures were solved in the space group Cmme, Pnma,
and R3m, respectively. Empirical absorption correction was
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applied for all these three structures. All heaviest atoms, Gd, K,
and Si for GdSiO-CJ7, Tb, Cs, and Si for TbSiO-CJ8, and Dy,
Cs, and Si for DySiO-CJ9, were located, and then O atoms were
found in the subsequent difference Fourier maps. For GdSiO-
CJ7, the occupancy factors of both K(3) and K(4) were set to
0.125 in order to balance the charge of the framework
[Gd1.25Si2.5O7.5]

1.25-. ICP analysis for some picked single crys-
tals from the batch product of GdSiO-CJ7 was consistent with
empirical formula given by single-crystal analysis (Gd, expt.
44.8 wt % and calcd. 45.1 wt %; K, expt. 10.9 wt % and calcd.
11.2 wt%). For TbSiO-CJ8, the occupancy factors of Cs(3) and
Cs(30) were set as 0.1 and 0.4, respectively, to balance the charge
of the framework which was consistent with their electron
densities in the difference Fourier map. For DySiO-CJ9, all Si,
O, and Cs atoms are positionally disordered. No hydrogen
atoms were found but added geometrically. All non-hydrogen
atoms were refined anisotropically. Experimental details for the
structural determination are listed in Table 1.

Result and Discussion

Crystallization Conditions. Large single crystals of
these three compounds could be only obtained under
rigorous high-temperature and high-pressure hydrother-
mal conditions. Powder phases of TbSiO-CJ8 andEuSiO-
CJ8 could be synthesized under mild hydrothermal con-
ditions at 230 �C, their phase purity has been confirmed
by powderXRDpatterns of newly synthesized samples as
compared with the simulated one based on single-crystal
structure analysis (Figure S1, Supporting Information).
However, no GdSiO-CJ7 and DySiO-CJ9 crystalline
phases were formed undermild hydrothermal conditions,
but only amorphous phases.
For TbSiO-CJ8 and DySiO-CJ9, it was found that the

cooling process played an important role in the crys-
tallization. If the temperature was decreased to room
temperature by quenching or natural cooling after the
reaction, the products were not crystallized or the degree
of crystallinity was poor. However, if the cooling process
is 2 �C/h down to room temperature, the crystals were not
perfect enough. Through a series of experiments, we
found that the best cooling process was to cool the
autoclave to 400 at 2 �C/h followed by fast cooling to
room temperature. As for GdSiO-CJ7, it was prepared
at a lower temperature, i.e., 400 �C and therefore, the
influence of the cooling process was not obvious.

Single-Crystal Structure of GdSiO-CJ7. GdSiO-CJ7
crystallizes in the space group Cmme (No. 67) with a=
21.853(4) Å, b=22.857(5) Å, and c=6.5543(13) Å. The
asymmetric unit of GdSiO-CJ7 contains two symmetri-
cally independent Gd sites, three symmetrically indepen-
dent Si sites, four symmetrically independent K sites as
shown in Figure 1. All of the Si sites are in 4-fold
coordination to O atoms in tetrahedral geometry. The
atoms in Si(2) and Si(3) sites are connected with two Si
atoms and two Gd atoms via bridging O atoms, while the
atoms in Si(1) site is connected with three Si atoms and
one Gd atom via bridging O atoms. Of the two indepen-
dent Gd sites, the atom in Gd(1) site is coordinated to
eight O atoms forming an antiprismatic square polyhe-
dron and sits on the intersection point of three 2-fold axes

Table 1. Crystal Data and Structure Refinement Parameters of These Three Compounds

identification code GdSiO-CJ7 TbSiO-CJ8 DySiO-CJ9
empirical formula K1.25Gd1.25Si2.5O7.5 H2Cs1.5Tb0.5Si4O10.5 Cs0.25Dy0.08Si0.50O1.25

formula weight 435.66 561.20 80.81
temperature (K) 293(2) 293(2) 296(2)
wavelength (Å) 0.71073 0.71073 0.71073
space group Cmme Pnma R3m
a (Å) 21.853(4) 11.5208(3) 13.9959(12)
b (Å) 22.857(5) 7.0607(2) 13.9959(12)
c (Å) 6.5543(13) 27.0430(8) 7.1775(6)
vol (Å3) 3273.8(11) 2199.81(11) 1217.60(18)
Z 16 8 36
Dcalcd (g/cm

3) 3.536 3.389 3.968
abs coeff (mm-1) 11.097 8.638 11.750
θ range 1.86-28.22� 1.92-28.27� 2.91-28.14�
goodness-of-fit on F2 1.058 1.053 1.242
final R indices [I > 2σ(I )]a R1 = 0.0358 R1 = 0.0425 R1 = 0.0327

R2 = 0.1066 R2 = 0.1086 R2 = 0.0796
R indices (all data)a R1 = 0.0435 R1 = 0.0509 R1 = 0.0331

R2 = 0.1105 R2 = 0.1136 R2 = 0.0799

a R1 = Σ(ΔF/Σ(F0)); R2 = (Σ[w(F0
2 - Fc

2)])/Σ[w(F0
2)2]1/2; w = 1/σ2(F0

2).

Figure 1. Thermal ellipsoid plot (50%) of GdSiO-CJ7.
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(Wyckoff position 4a). The atom in Gd(2) site is con-
nected to five Si atoms and one Gd atom via bridging O
atoms to form GdO6 octahedron. Among all O sites,
O(6), O(8) and O(9) are the μ3-O atoms. The observed
Si-O bond lengths of 1.568-1.671 Å and O-Si-O bond
angles of 103.9-123.0� are of typical of silicate materials.
The Gd-O bond lengths and O-Gd-O bond angles are
in the range of 2.261-2.504 Å and 65.8-156.4�, respec-
tively. All of the four K sites are situated on the mirror
plane (Wyckoff position 8m, 8n, 8n and 8n, respectively).
The occupancy factors of both K(3) and K(4) are set to
0.125 to balance the charge of the framework.
As shown inFigure 2, the structure ofGdSiO-CJ7 consists

of complex zigzag silicate chains [Si5O15]
10- containing4-and

10-rings running along the [010] direction (Figure 2a).
OneGdO8 polyhedron is connected with fourGdO6 octahe-
dra via edge-sharing connection to form a cluster. Such
clusters are linked together by Gd-O-Gd bonds to form
an infinite chain along the [001] direction (Figure 2b). The
silicate chains that are made up from SiO4 tetrahedra and
gadolinium chains made up from GdO6 and GdO8 polyhe-
dra are arranged in parallel directions along [010] and [001],
respectively, and further connected by Gd-O-Si bonds to
formthe3-DframeworkofGdSiO-CJ7(Figure2c).Thestruc-
ture contains8-ringchannels along the [001] directionand two
kinds of 10-ring channels along the [010] and [001] directions,
respectively. K(1) is located in the 10-ring channels, while

K(2), K(3) and K(4) are located between the gadolinium
chains. So far, the reported lanthanide silicates have been
found with 8-, 9-, and 12-ring channels, but the 10-ring
channel inGdSiO-CJ7 is first observed in lanthanide silicates.

Single-Crystal Structure of TbSiO-CJ8. TbSiO-CJ8
crystallizes in the space group Pnma (No. 62) with

Figure 2. (a) Zigzag silicate chains with 4- and 10-rings along [010] direction; (b) Gd chains made up of edge-sharing GdO6 and GdO8 polyhedra along [001]
direction; (c) polyhedral view of the open-framework structure of GdSiO-CJ7 contains 10-ring channels along [001] direction (Cyan, Gd; yellow, Si; white, K).

Figure 3. Thermal ellipsoid plot (50%) of TbSiO-CJ8.

Figure 4. (a) Undulated silicate double layers containing 4- and 8-rings;
(b) polyhedral view of the open-framework structure of TbSiO-CJ8 along
[010] direction (cyan, Tb; yellow, Si; white, Cs; red, O).
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a=11.5208(3) Å, b=7.0607(2) Å, and c=27.0430(8) Å.
The asymmetric unit of TbSiO-CJ8 contains one symmet-
rically independent Tb site, six symmetrically independent Si
sites, and four symmetrically independent Cs sites as shown
in Figure 3. All six distinct Si sites are in tetrahedra environ-
ments, in which the Si atoms in Si(1), Si(3), Si(4) and Si(5)
sites are connected to three Si atoms and one Tb atom via
bridging O atoms, while the Si atoms in Si(2) and Si(6) sites
are connected to four Si atoms via bridging O atoms. Si(2),
Si(3), Si(4), and Si(6) sites are on themirror planes (Wyckoff
position4c), while Si(1) andSi(5) sites are in the general sites.
The observed Si-O bond lengths in the range of 1.561-
1.641 Å and O-Si-O bond angles in the range of 103.4-
115.6� are typical values within the normal range according
to the reported work.40 The Tb site, located on a mirror
plane (Wyckoff position 4c), is coordinated to six bridgingO
atoms with the adjacent Si atoms. The Tb-O bond lengths
are in the range of 2.274-2.284 Å, and the O-Tb-O bond
angles vary from 85.6 to 172.3�. Four symmetrically inde-
pendent Cs sites are also located on the mirror planes
(Wyckoff position 4c). According to the maximum cation-
anion distance criterion by Donnay and Allmann,41 the
largest Cs-O distance is limited to 3.70 Å, therefore, the
coordination number (CN) ofCs atoms are as follow:Cs(1),
CN=11; Cs(2), CN=9; Cs(3), CN=7; Cs(30), CN= 9.

As shown in Figure 4, the structure of TbSiO-CJ8 consists
of undulated silicate double layer with 4- and 8-rings parallel
to the (001) plane,whicharebuilt up fromSiO4 tetrahedravia
corner sharing (Figure 4a). Such double silicate layers
are linked together by TbO6 octahedra via vertex oxygen
atoms resulting in a 3-D open-framework of TbSiO-CJ8
(Figure 4b). It contains 8-ring channels delimited by eight
SiO4 tetrahedra along the [100] and [010] directions.
Cs(1) and Cs(2) cations are located near the wall of 6-ring
which are delimited by four SiO4 tetrahedra and two TbO6

octahedra. Cs(3), Cs(30) and water molecules are located in
the 8-ring channels. The amount of lattice water is confirmed
by the TG analysis (Figure S2). TGA curve revealed a total
weight loss of 3.13%fromroomtemperature to773K,which
is attributed to the loss of lattice water in TbSiO-CJ8 (calcd.
3.21%). TbSiO-CJ8 possesses a structure similar to that of
mineral montregianite.42,43 Both of them have the 4,8-net
silicate layers, but the connection between the silicate layers
and the lanthanide polyhedra are different.

Single-Crystal Structure of DySiO-CJ9. DySiO-CJ9
crystallizes in the space group R3m (No. 166) with a=b =
13.9959(12) Å and c=7.1775 (6) Å. The asymmetric unit of
DySiO-CJ9 containsone symmetrically independentDy site,
one symmetrically independent Si site andone symmetrically
independentCs site (Figure5).TheDysite is inanoctahedral
environment, which is connected to six Si atoms via bridging
O atoms, and located at the cross point of 3-fold rotary-
inversion axis and the mirror plane (Wyckoff position 1a).
The DyO6 octahedron is regular with the Dy-O bond dis-
tance of 2.233 Å. The Si site is in a tetrahedral environment,
which is connected to three Si atoms and one Dy atom via
bridging O atoms. The observed Si-O bond lengths are in
the range of 1.556-1.633 Å andO-Si-Obondangles are in
the range of 101.3-118.2�, which are typical values for sili-
catematerials. Based on the theory of themaximumcation-
anion distance, a limit of 3.70 Å was set for Cs-O interac-
tions,whichgave the coordinationnumbersofCs(1) CN=9.
As shown in Figure 6, DySiO-CJ9 possesses a 3-D sili-

cate framework [Si6O15]
6- constructed fromSiO4 tetrahedraFigure 5. Thermal ellipsoid plot (50%) of DySiO-CJ9.

Figure 6. (a) 3-D silicate framework built up from SiO4 tetrahedra; (b) structure of DySiO-CJ9 viewed along [001] direction; (c) infinite chain along [001]
direction containing D4R cages composed of six SiO4 and two DyO6 polyhedra (cyan, Dy; yellow, Si; white, Cs).
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(Figure 6a), which contains 6-rings along the [001] direc-
tion. The Dy atoms are located between two 6-rings to
connect six Si atoms coming from two adjacent 6-rings via
bridging O atoms (Figure 6b). The structure of DySiO-CJ9
can also be viewed as generated from the condensation of
double-four (D4R) cages containing six Si atoms and two
Dy atoms. The adjacent cages are connected via corner-
sharingDy atoms to form an infinite chain along the [001]
direction (Figure 6c), which are further connected via
Si-O-Si bonds to form a 3-D framework. This frame-
work is a relatively dense phase containing only 6-rings.
DySiO-CJ9 is a new silicate framework with Si/O =
2:5, which contains only tertiary SiO4 tetrahedra. Such
examples are known as Na4.8Ce2Si12O40 3 4H2O

21 and
Cs3EuSi6O15.

24

In summary, the structures of these three lanthanide
silicates are based on 1-D silicate chain, 2-D silicate layer,
or 3-D silicate framework, which are connected with

LnOn polyhedra to form 3-D frameworks. These silicate
chain, layer and framework are commonly observed in
the existing metal silicates, but the different connections
with LnOn polyhedra result in diverse novel structures.

Photoluminescence properties of TbSiO-CJ8 and Eu-
SiO-CJ8. It is well-known that microporous lanthanide
silicates usually exhibit interesting photoluminescence
properties. Here, only the photoluminescence properties
of TbSiO-CJ8 and EuSiO-CJ8 synthesized under mild
hydrothermal conditions were studied, because they can
be obtained as pure phases.
Figure 7a shows the room-temperature (RT) photo-

luminescence spectrum of TbSiO-CJ8 excited at 267
nm. It shows a series of lines between 450 and 650 nm,
which are associated with the 5D4 f 7FJ (J= 3-6)
transitions of Tb3þ ion. In the spectrum, the green
5D4f

7F5 transitions at 540 and 548 nm are the stron-
gest. But the luminescence from higher excited states
(e.g., 5D3) is not detectable, implying very efficient
nonradioactive relaxation to the 5D4 level. The preliminary
study showed that TbSiO-CJ8 is room-temperature green
phosphors.
The room temperature emission spectrum of EuSiO-

CJ8 with a number of lines between 550 and 750 nm is
shown in Figure 7b. These lines are ascribed to the
transitions between the first excited 5D0 state and the
7F0-4 stark levels of the fundamental Eu3þ septet. The
strongest peak at 591 nm is the red 5D0 f

7F1 transition.
The emissions from excited levels 5D2 and

5D1 were not
observed due to efficient nonradioactive relaxation to the
5D0 levels. The preliminary study showed that EuSiO-CJ8
is room-temperature red phosphors.

Conclusions

The high-temperature and high-pressure synthetic
method has been successfully employed to synthesize
three new members of lanthanide silicates with novel
3-D frameworks. All of these compounds contain stoi-
chiometric amounts of lanthanide ions. The structure of
GdSiO-CJ7 constructed by zigzag silicate chains and
gadolinium chains contains 10-ring channels. TbSiO-
CJ8 consists of undulated silicate double layers linked
by TbO6 octahedron to form a 3-D framework that
contains 8-ring channels. DySiO-CJ9 possesses a dense
framework containing only 6-rings. The photolumines-
cence study showed that TbSiO-CJ8 exhibits strong green
phosphors. Successively, we will attempt to synthesize
the pure phases of GdSiO-CJ7 and DySiO-CJ9 to search
for the properties of photoluminescence, ion-exchange,
adsorption, etc. The successful synthesis of these three
new frameworks under high-temperature and high-pres-
sure hydrothermal conditions will promote further re-
search into lanthanide silicates with novel structures and
special properties.
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Figure 7. RT emission spectra of (a) TbSiO-CJ8 and (b) EuSiO-CJ8
(The 5D0f

7F0 transition is too weak which is not shown in the figure.)
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