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Two novel materials, [M(C6H5O7)(C6H6O7)(C6H7O7)(H2O)] . H2O (M¼La(1a), Ce(1b)) and [Ce2(C2O4)

(C6H6O7)2] . 4H2O (2), with a metal-organic framework (MOF) were prepared with hydrothermal

reactions and characterized with photoluminescence, magnetic susceptibility, thermogravimetric

analysis and X-ray powder diffraction in situ. The crystal structures were determined by single-crystal

X-ray diffraction. Compound 1 crystallized in triclinic space group P1̄ (No. 2); compound 2 crystallized

in monoclinic space group P21/c (No. 14). The structure of 1 is built from a 1D MOF, composed of

deprotonated citric ligands of three kinds. Compound 2 contains a 2D MOF structure consisting of

citrate and oxalate ligands; the oxalate ligand arose from the decomposition in situ of citric acid in the

presence of CuII ions. Photoluminescence spectra of compounds 1b and 2 revealed transitions between

the 5d1 excited state and two levels of the 4f1 ground state (2F5/2 and 2F7/2). Compounds 1b and 2
containing CeIII ion exhibit a paramagnetic property with weak antiferromagnetic interactions between

the two adjacent magnetic centers.

& 2012 Elsevier Inc. All rights reserved.
1. Introduction

Metal-organic frameworks (MOFs) that exhibit intriguing
structural diversity have attracted considerable interest because
of the flexible coordination environments of the metal ions to
their ligands [1]. The structures and physical properties of MOFs
can be modulated by the particular metal cations and ligands [2].
Their prospective applications include gas adsorption and storage
[3], ion exchange [4], and catalysis [5]. For the diverse structures,
the counter-anions [6], solvents [7], metal–ligand ratio [8], pH [9],
and reaction temperature [10] are thought to be the notable
factors to affect the frameworks obtained.

Many metal-carboxylate complexes with 1D, 2D or 3D struc-
tures have been discovered since year 2000 [11]. As a choice for a
metal center, rare-earth ions are attractive for the synthesis of the
new MOF because of the extended coordination numbers from
f-block orbitals [12]. For the choice of anion ligands, multidentate
ligands, such as citric acid of which a molecule contains a
hydroxyl and three carboxylate groups to provide at least seven
donor sites – one from an a-position hydroxyl group, two from an
a-position carboxyl group and four from two b-position carboxyl
groups – are capable of coordinating most metal ions to form
coordination complexes of novel structural types. Many authors
have reported research on MOF composed of carboxylate and
varied metal ions, including main-group metal ions, PbII [13] and
ll rights reserved.

ee).
BiIII [14], transition-metal ions CdII [15], ZnII, CuII [16], and CoII[17]
and rare-earth metal cations [18]. Among these compounds,
MOFs with transition-metal or rare-earth cations coordinated
with citrate or oxalate ligands are well developed [19], but
MOF built of citrate ligands with variably deprotonated modes
or citrate/oxalate ligands are few [20]: only compound Rb2Sb4

(C6H5O7)2(C6H6O7)2(C6H7O7)4(H2O)2 is known as a coordination poly-
mer containing three separately deprotonated citrate ligands [21].

Our syntheses of new MOF using rare-earth cations with citrate
ligand have enabled an assessment of the coordination capabilities;
several new coordination polymers composed of LaIII and CeIII ions
bound to citrate ligands in a separate deprotonated mode and
citrate/oxalate ligands were prepared. Herein, we report the synth-
eses and characterization of three novel rare-earth MOF materials,
[M(C6H5O7)(C6H6O7)(C6H7O7)(H2O)] . H2O (1a:M¼La, 1b:M¼Ce) and
[Ce2(C2O4)(C6H6O7)2] . 4H2O (2). Under hydrothermal conditions, the
deprotonated mode of the citrate ligands is controllable with the
reaction temperature, and the decomposition in situ of citrate ligands
to oxalate ligands is facilitated by the presence of CuII ions.
2. Experiments

2.1. General

All reactions were performed under hydrothermal conditions. The
precursor chemicals (analytical grade, Aldrich and Alfa Aesar) were
used without further purification. The elemental content of C, H,
N (Heraeus CHN-O-S-Rapid analyzer), IR spectra (Perkin-Elmer,
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Spectrum One), differential thermal analysis (DTA) and thermogravi-
metric analysis (TG, NETZSCH STA 409PC thermal analyzer), photo-
luminescence spectra (Jobin-Yvon Spex Fluorolog-3, Xe lamp, 296 K,
scanning wavelength 200–800 nm), magnetic properties (MPMS5
superconducting quantum- interference-device magnetometer, field
1000 Oe in temperature range 2–300 K) were measured with the
indicated instruments.

2.1.1. Preparation of [La2(C6H5O7)(C6H6O7)(C6H7O7)(H2O)] �H2O (1a)
La(NO3)3 �6H2O (1 mmol) and citric acid (0.02 mol) were

added to DI water (16 mL) and stirred for 10 min. The clear
solution was then transferred into an autoclave (20 mL, Telfon-
lined). After the treatment under hydrothermal conditions at
150 1C for 48 h, transparent crystals of needle shape were isolated
with a centrifuge, washed several times with DI water and dried
at 50 1C. Elemental analysis: calcd (%) for C18H22O23La2: C, 24.43;
H, 2.49. Found: C, 24.05; H, 2.25. IR (KBr, cm�1): 3513, 3383,
3217, 2965, 2951, 1942, 1726, 1707, 1442, 1417, 1400, 1389,
1335, 1296, 1282, 1157, 1109, 1084, 1014, 951, 905, 839, 728,
620, 542.

2.1.2. Preparation of [Ce2(C6H5O7)(C6H6O7)(C6H7O7)(H2O)] �H2O (1b)
Ce(NO3)3 �6H2O (1 mmol) and citric acid (0.02 mol) were

added to DI water (16 mL) and stirred for 10 min. The clear
solution was then transferred into an autoclave (20 mL, Telfon-
lined). After the treatment under hydrothermal conditions at
150 1C for 48 h, transparent crystals of needle shape were isolated
by centrifugation, washed several times with DI water and dried
at 50 1C. Elemental analysis: calcd (%) for C18H22O23Ce2: C, 24.35;
H, 2.48. Found: C, 24.22; H, 2.65. IR (KBr, cm�1): 3508, 3392,
3211, 2966, 2949, 1936, 1726, 1708, 1443, 1416, 1401, 1388,
1335, 1296, 1282, 1158, 1109, 1084, 1015, 952, 905, 840, 728,
621, 543 for 1b.

2.1.3. Preparation of [Ce2(C2O4)(C6H6O7)2] �4H2O (2)
The hydrothermal treatment was similar to the synthesis of 1a,

except that compound 2 was obtained from a reaction with
Cu(NO3)2 �3H2O, Ce(NO3)3 �6H2O, and citric acid in molar ratio
of 1:2:40. The product consisted of colorless plate-shaped crystals
and a small amount of black powder. Elemental analysis: calcd (%)
for C7H10O11Ce: C, 20.47; H, 2.44. Found: C, 19.72; H, 2.34. IR (KBr,
cm�1): 3518, 3407, 3206, 2984, 2946, 2024, 1700, 1432, 1406,
1383, 1322, 1269, 1246, 1195, 1145, 1061, 958, 938, 901, 855,
837, 801, 749, 619, 554, 503.

2.2. Characterization

2.2.1. Single-crystal X-ray diffraction (XRD)

Single crystals of compounds 1a (0.1�0.2�1.6 mm3) and
2 (0.2�0.4�0.5 mm3) were mounted on a glass fiber with epoxy
glue; intensity data were collected at 298 K on a diffractometer
(Bruker APEX CCD) equipped with graphite-monochromated Mo-
Ka radiation (l¼0.71073 Å) at 298(2) K. The distance from the
crystal to the detector was 5.038 cm. Data were collected in scans
of 0.31 in groups of 600 frames each at f settings 01, 901, 1801, and
2701. The exposure duration was 45 and 40 s/frame for 1a and 2,
respectively. The 2y values varied between 3.061 and 56.581 for 1a
and between 6.021 and 57.201 for 2. The unit-cell parameters
were determined from diffraction signals obtained from all
frames of reciprocal-space images. The data were integrated
(Siemens SAINT program) and corrected for Lorentz and polariza-
tion effects.[22] Absorption corrections were based on fitting
a function to the empirical transmission surface as sampled
with multiple equivalent measurements of numerous reflections.
The structural model was obtained through direct methods and
refined with full-matrix least-square refinement based on F2

(SHELXTL package) [23]. Data for the crystal structures of com-
pounds 1a to 2 have been allocated accession numbers CCDC
837058 and 837059 at the Cambridge Crystallographic Data
Centre; these data are obtainable free of charge via Internet at
ww.ccdc.cam.ac.uk/conts/retrieving.html.

2.2.2. Powder X-ray diffraction in situ

Temperature-dependent powder-diffraction experiments were
performed in situ at beam line BL01C2 of National Synchrotron
Radiation Research Center (NSRRC), Taiwan. X-rays of wavelength
0.77490 Å were delivered from a double-crystal monochromator
with two Si(111) crystals. Samples were sealed in a quartz capillary
(0.5 mm) and heated under a hot N2 stream from 295 K to 573 K
for 1a and to 433 K for 2 during the XRD measurements. Two-
dimensional PXRD patterns were recorded with an image plate
detector (Mar 345, pixel size 100 mm, typical exposure duration
72 s). The distance from the sample to the image plate was
213.1094 mm; the diffraction angle was calibrated with standard
Ag and Si powders. The one-dimensional (1-D) XRD profile was
converted using program FIT2D (cake-type integration).
3. Results and discussion

3.1. Synthesis

The initial attempts to develop the new MOF were intended to
combine the rare-earth and transition-metal ions using citric acid
as the linker. From the experiments, two unknown phases were
identified with powder X-ray diffraction (PXRD) and subsequently
recognized as the new MOFs with novel 1D and 2D frameworks
(compounds 1a and 2) by single-crystal X-ray diffraction.

To understand the effect of the reaction conditions to the
obtained frameworks, we repeated the reactions with LaIII or CeIII

ions and citric acids under varied conditions (Table 1). Two
isostructural compounds 1a and 1b were formed in the absence
of CuII ions. Like compound 2, the obtained framework contains
both citrate and oxalate ligands, indicating that the oxalate ligand
was formed from the decomposition in situ of citric acid in the
presence of CuII ions [20b,24]. Reactions performed with rare-
earth nitrates (CeIII/LaIII), citric acid and oxalic acid as precursors
were also attempted, but failed to deliver desired compound 2.

According to Table 1, the deprotonated mode of the citrate ligands
was found to be controlled by the hydrothermal temperature; the
decomposition in situ of citric acid occurs only in the presence of CuII

ions. Regarding the reactions of LaIII ions, for the hydrothermal
temperature 100 1C without CuII ions, only a clear solution was
obtained. Facilitated with CuII ions, the citric acid decomposed
in situ; the product was La2(C2O4)3 � xH2O. When the hydrothermal
temperature was raised to 150 1C, the title compound 1a containing
citrate ligands in three deprotonated modes was obtained regardless
whether CuII ions were added. Also, in the reactions at T¼180 1C, only
the known 3D MOF phase La(C6H5O7)(H2O) containing citrate ligands
in one deprotonated mode was formed. For the reactions of CeIII ions
with citric acid, similar results were observed. The only difference
was that the compound 2 was formed in the presence of CuII ions
under the hydrothermal treatment at 150 1C.

3.2. Description of the structure

3.2.1. [La2(C6H5O7)(C6H6O7)(C6H7O7)(H2O)] �H2O (1a)

Compound 1 crystallized in triclinic space group P1̄; the
asymmetric unit of 1 consists of two LaIII cations, three citric acid
ligands with varied deprotonated modes, and two H2O molecules.
The formula of the title compounds is expressed as [La2(C6H5O7)
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Fig. 1. (a) Crystal structure of complex 1a viewed along the a-axis. Blue (light

blue): La, red: O, gray: carbon, black: hydrogen; (b) 1D framework of complex 1a
projected along the b-axis. (For interpretation of the references to color in this

figure legend, the reader is referred to the web version of this article.)

Table 1
Modulation of the reaction conditions.

NO. Reagent Metal source Temperature (1C) Time (h) Product

A1 La(NO3)3 �6H2O N/A 100 48 Clear solution

A2 La(NO3)3 �6H2O N/A 150 1a
A3 La(NO3)3 �6H2O N/A 180 La(C6H5O7)(H2O)

B1 La(NO3)3 �6H2O Cu(NO3)2 �3H2O 100 La2(C2O4)3(H2O)x

B2 La(NO3)3 �6H2O Cu(NO3)2 �3H2O 150 1a
B3 La(NO3)3 �6H2O Cu(NO3)2 �3H2O 180 La(C6H5O7)(H2O)

C1 Ce(NO3)3 �6H2O N/A 100 48 1b
C2 Ce(NO3)3 �6H2O N/A 150 1b
C3 Ce(NO3)3 �6H2O N/A 180 Ce(C6H5O7)(H2O)

D1 Ce(NO3)3 �6H2O Cu(NO3)2 �3H2O 100 Ce2(C2O4)3(H2O)x

D2 Ce(NO3)3 �6H2O Cu(NO3)2 �3H2O 150 2
D3 Ce(NO3)3 �6H2O Cu(NO3)2 �3H2O 180 Ce(C6H5O7)(H2O)
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(C6H6O7)(C6H7O7)(H2O)] �H2O. The projection of 1 along the
a-axis is shown in Fig. 1(a). Two crystallographically independent
LaIII ions form LaOn polyhedra of two types: one is nine-coordi-
nated and the other is ten-coordinated; the deprotonated carbox-
ylate groups from the citrate ligand provide the donor oxygen
atoms to bind to the central ion. La(1) is nine-coordinated with
eight oxygen atoms belonging to carboxylate groups from five
symmetry-related citric-acid molecules, and one belonging to an
H2O molecule. For each La(1)O9 polyhedron, LaIII is coordinated by
O8 of a b-carboxyl group from the first (citrate)(3-) ligand, O9 of a
b-carboxyl group from the second one, O1 of an a-carboxyl group,
O3 of a hydroxyl group and O15 of a b-carboxyl group from the
first H(citrate)(2-) ligand, O15#1 and O16 of a b-carboxyl group
from the second one, O7 of an a-carboxyl group from H2(citrate)(-)
ligand, and O22 from H2O molecule. The arrangement of these
nine oxygen atoms exhibits a distorted, monocapped square
antiprism as shown in Fig. 2(a). La(2) is coordinated with ten
oxygen atoms of carboxylate groups also from five symmetry-
related citric-acid molecules. For each La(2)O10, LaIII is coordi-
nated by O9 of an a-carboxyl group, O14 of a b-carboxyl group,
O12 of a hydroxyl group from the first (citrate)(3-), O14#1 and
O21#1 of a b-carboxyl group from the second one, O1 of an
a-carboxyl group from the first H(citrate)(2-) ligand, O2 of an
a-carboxyl group from the second one, O6 of a hydroxyl group, O7
of an a-carboxyl group, and O17 of a b-carboxyl group from
H2(citrate)(-). These ten coordinated oxygen atoms form a dis-
torted, bicapped, square antiprism as shown in Fig. 2(b). The
interatomic distances of La–O vary from 2.464(3) to 2.730(3) Å,
which are near those observed in several related species, such as
La(C6H5O7)(H2O) and La2(C2O4)3(H2O)x [25]. Bond-valence calcu-
lations revealed that the charges of these rare-earth cations are
3.21 and 3.29 for La(1) and La(2), respectively.[26] The citrate
ligands in this 1D structure are deprotonated with three coordi-
nation modes summarized in Fig. 2(c)–(e). All positions of hydro-
gen atoms were located and fixed from Fourier differential maps.
The first citrate ligand is bound twice and adopts m2–Z2:Z0, m1–Z1:Z0

carboxyl connection modes; one hydroxyl group is connected to
two La3þ metal-ion centers (Fig. 2(c)). The positions of hydrogen
atoms were identified from the distances between C and O atoms.
The interatomic distances C12–O13 and C16–O19 are larger
than 1.30 Å, which is appropriate for O–H bonding. According to
the description above, we conclude that the first citrate ligand
is H2(citrate)(-). The second citrate ligand contains m2–Z2:Z1,
m3–Z2:Z1 carboxyl connection modes and a hydroxyl group to
form a four-bound ligand (Fig. 2(d)). Taking the C–O distance into
concern, only O4 is available for O-H bonding, which indicates
that the second citrate ligand is H(citrate)(2-). The third citrate
ligand also adopts m2–Z2:Z1, m3–Z2:Z1 carboxyl connection modes;
the hydroxyl group is connected to three La3þ centers (Fig. 2(e)).
The difference from the second citrate ligand is that there is no
appropriate oxygen atom to bind with a hydrogen atom. The
third citrate ligand is thus (citrate)(3-). La(1) and La(2) ions are
linked into two dimers through the (citrate)(3-) and H(citrate)
(2-) ligands; the two adjacent (La(1))2 and (La(2))2 dimers are
linked through the H2(citrate)(-) anion to produce an edge-
sharing polyhedron; the adjacent dimers are arranged alternately
and expanded along the b-axis to form an 1D chain structure
(Fig. 1(b)) in a zig-zag form. Only one compound, Rb2Sb4

(C6H5O7)2(C6H6O7)2(C6H7O7)4(H2O)2 is known to possess a similar



Fig. 2. (a) Coordination sphere of La(1) in 1a forming a distorted monocapped square antiprism; (b) coordination sphere of La(2) in 1a forming a distorted bicapped square

antiprism; (c) coordination mode of citrate(3-) ligand; (d) coordination mode of H(citrate)(2-) ligand; (e) coordination mode of H2(citrate)(-) ligand; symmetry operations:

#1, �xþ1, �yþ2, �z; #2, �xþ1, �yþ1, �z.
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composition and containing three separate deprotonated citric
ligands [21].
Fig. 3. (a) Crystal structure of complex 2 viewed along the b-axis. Blue: Ce, red: O,

cyan: O of H2O molecule, gray: carbon, black: hydrogen; (b) 2D frameworks of

complex 2 in the bc plane. (For interpretation of the references to color in this

figure legend, the reader is referred to the web version of this article.)
3.2.2. [Ce2(C2O4)(C6H6O7)2] � 4H2O (2)

Compound 2 crystallized in monoclinic space group P21/c
(No. 14); the asymmetric unit of 2 consists of two CeIII cations,
two citrate ligands, one oxalate and four H2O molecules. The
structure is illustrated in Fig. 3(a); a projection of 2 along the
b-axis is shown in Fig. 3(b). The formula is expressed as
[Ce2(C2O4)(C6H6O7)2] �4H2O. The asymmetric unit of 2 contains
one CeIII cation surrounded by nine oxygen atoms from two
citrate and two oxalate ligands, which form a distorted, mono-
capped square antiprism. The CeIII ion is coordinated with nine
oxygen atoms, O2 of an a-carboxyl group, O3 of a hydroxyl group,
and O5 of a b-carboxyl group from the first H(citrate)(2-) ligand,
O2#2 of an a-carboxyl group from the second one, O6 of a
b-carboxyl group from the third one, and O7 of a b-carboxyl
group from the fourth one, O1 from the first (oxalate)(2-) ligand,
O4 and O4#2 from the second one. The Ce–O distances are in a
range 2.46–2.69 Å, near a reported MOF with CeIII ion. The bond-
valence calculation for Ce atom indicates þ3.10. The coordination
mode of citrate and oxalate ligands is depicted in Fig. 4(b) and (c).
The deprotonated citrate ligand adopts one carboxyl group in
m1–Z1:Z0, one in m2–Z2:Z0, one in m2–Z1:Z1 connection mode and
one hydroxyl group to link two adjacent Ce atoms (Fig. 4(b)). Also,
O9 is bonded with a hydrogen atom, indicative of a H(citrate)(2-)
ligand. Citrate ligands and CeIII ions form a zigzag-type chain
extending along the b-axis (Fig. 3(b)). The oxalate ion is six-
coordinated with four CeIII ions. Each CeO9 polyhedron shares two
edges and extends along the b-axis to form a 1D structure. The
adjacent 1D chains are further connected by citrate and oxalate
ligands to form a 2D network in the bc plane. The projection of the
2D layered structure along the a-axis is shown in Fig. 3(b). The
layer structure of 2 contains an unbound OH group from citric
acid, which is the first example of citrate and oxalate ligands to
form a metal-organic coordination polymeric network. Between
these (Ce) slabs, there are H2O molecules as shown in Fig. 4.
These H2O molecules are distributed between two layer planes,
which are bound to a 2D layer with hydrogen-bond interactions
(Table 2).
3.2.3. PXRD in situ

The thermal behavior of 1a and 2 was tested using synchrotron
powder X-ray diffraction in situ with a variable-temperature
stage; the results are shown in Fig. 5(a) and (b). For compound
1a, H2O molecules are of two types; coordinated and uncoordi-
nated (Fig. S2). During heating, the uncoordinated H2O molecule
became eliminated first which affected the d-spacing correspond-
ing to the {100} and {001} interplanar distances. The framework



Fig. 4. (a) Coordination sphere of Ce in 2 forming a distorted monocapped square antiprism; (b) coordination mode of H(citrate)(2-) ligand; (c) coordination mode of

(oxalate)(2-) ligand; symmetry operations: #1, �xþ1, yþ1/2, �zþ3/2; #2, �xþ1, y�1/2, �zþ3/2.

Table 2
Crystallographic data.

Compound 1a 2

Empirical formula C18H22O23La2 C7H10O11Ce

Formula mass (m) 884.18 410.27

Crystal size (mm3) 0.1�0.2�1.6 0.2�0.4�0.5

Crystal color Colorless Colorless

Crystal system Triclinic Monoclinic

Space group P̄1 P21/c

T (K) 273(2) 273(2)

a (Å) 9.854(2) 12.480(3)

b (Å) 11.064(2) 8.2843(2)

c (Å) 13.508(3) 12.044(2)

a (deg.) 72.27(3) 90.00

b (deg.) 84.12(3) 109.99(3)

g (deg.) 66.99(3) 90.00

V (Å)3 1290.8(4) 1170.2(4)

Z 2 4

F(000) 856 792

Dcalcd (g cm�3) 2.275 2.329

m (mm�1) 3.373 3.946

Rint 0.0314 0.0526

Data/restraints/parameters 6379/0/392 2921/0/174

R1
a, wR2

b [I42s(I)] 0.0334, 0.0649 0.0359, 0.0781

Goodness-of-fit on F2 1.053 1.074

a R1¼S99Fo9�9Fc99/S9Fo9; wR2¼[Sw(Fo
2
�Fc

2)2/Sw(Fo
2)2]1/2.

Fig. 5. Powder X-ray diffraction in situ of complexes 1a (a) and 2 (b).
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on the {100} planes exhibits a layer-like structure separated by
uncoordinated water molecules, which is expected to be com-
pressed when the uncoordinated H2O molecules leave (Fig. S2).
As for the framework on the {001} planes, the structure is rigid
because of the interlayer connections from the citrate ligands; the
signals related to {100} shift to a large-angle region, whereas
the diffraction signal for {001} is essentially unaltered (inset in
Fig. 5(a)). When the temperature was raised to �573 K, the
coordinated H2O molecules were eliminated and the structure
collapsed to form an unknown phase.

Fig. 5(b) shows the PXRD pattern in situ of compound 2
measured in the temperature range 333–473 K. Compound 2
possesses a layer structure stacking along direction (100) and the
uncoordinated H2O molecules are filled in two adjacent layers. On
increasing temperature, the H2O molecules are removed and the
d-spacing of (100) decreased, which leads to the diffraction signal
shifting to a larger angle, 2 theta (inset of Fig. 5(b)). The PXRD
experiment in situ indicates that compound 2 is less stable than
compound 1a, of which decomposition begins at 433 K.

3.3. Physical properties

3.3.1. Thermogravimertic analysis

Thermogravimetric analyses (TGA) under flowing N2 were
monitored to observe the thermal behavior of 1a, 1b, and 2 (see
Supplementary materials, Fig. S1). The TGA curves of 1a and 1b
exhibit two obscured steps of mass loss. For compound 1a, the
curve reveals mass loss �4% when To473 K, which corresponds
to one H2O lost (calculated 4.07%). For a temperature above 473 K,
a significant loss of mass was due to the collapse of the structure,
as confirmed with PXRD in situ. Similarly, the TGA curve of
compound 1b (dark gray line) shows a first mass loss at �473 K;
thereafter the structure collapsed. Compound 1b began to lose mass
about 473 K; a total mass loss 50.76% occurred from 473 K to 800 K,
corresponding to the removal of coordinated H2O and the combus-
tion of the organic components (calc. 50.15%). The TGA curve of 2
reveals three steps of mass loss at temperatures near 373, 473, and
600 K. The first and second stages, occurring between 373 and



Fig. 6. Excitation and emission spectra of 1b and 2 in the solid state.

Fig. 7. Magnetic behavior depicted in the form of wT and w�1 vs. T for 1b and 2.
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573 K, are attributed to the loss of coordinated H2O 8% (calc. 8.77%).
The third mass loss (T�600 K) marked the initiation of structural
collapse according to the PXRD in situ. The total mass loss 56.88%
from 373 to 1000 K corresponds to the departure of coordinated
H2O and decomposition of the organic components (calc. 57.99%).

3.3.2. Photoluminescence spectra

The photoluminescence of compounds 1b and 2 near 295 K
is shown in Fig. 6. The excitation spectra (dashed line) were
recorded from 200 to 400 nm to monitor the transition between
the CeIII 5d1 and 4f1 orbitals. Each compound shows one absorp-
tion line at 350 or 367 nm. The crystal-field splitting of the 5d

orbital was not observed in these two complexes because of the
large coordination number of CeIII (9 and 10 for 1b and 9 for 2).
Emission spectra were recorded for lexc 350 (a) and 367 (b) nm,
which corresponds to excitation into the lowest energy d-level of
CeIII. The spectrum contains broad excitation bands that are
assigned to a transition from the 5d1 excited state into two levels
of the 4f1 ground state (2F5/2 and 2F7/2).

3.3.3. Magnetic properties

Magnetic susceptibility data for all materials (Fig. 7) were
measured over the temperature range 5–300 K. Data for 1b and 2
phases follow a Curie–Weiss behavior over a wide range of
temperature, with deviations observed only at low temperatures.
A modified Curie–Weiss law: w¼w0þC/(T�y), was used to fit
the data; w0 represents the temperature-independent term, C the
Curie constant, and y the Weiss temperature. The effective
moments, meff, of 1b and 2 are 2.45 and 2.56mB, respectively,
which are slightly smaller than, but near, the calculated CeIII

moment, meff¼2.54mB. These values agree satisfactorily with the
expected spin-only moments. The negative values of C correspond
to a weak antiferromagnetic coupling between the CeIII centers.
The results that we found for both compounds agree satisfactorily
with those found for other similar MOF with the CeIII cation [18d].
4. Conclusion

We report a synthetic route to form new coordination polymers
that are built from rare-earth cation and ligands of citrate and
citrate/oxalate anions. Two MOF compounds, [M(C6H5O7)(C6H6O7)(-
C6H7O7)(H2O)] . H2O (M¼La(1a), Ce(1b)), and [Ce2(C2O4)(C6H6O7)2] .
4H2O (2) with 1D and 2D structures were synthesized. The forma-
tion of MOF with rare-earth metal ions, citrate and oxalate ligands
exhibit an interesting correlation with transition-metal ion and
reaction temperature. The decomposition in situ of citric acid in
the presence of CuII ions yielded an oxalate ligand that led to the
formation of 2 with a peculiar 2D structure. The synthesis of
compound 2 provides a path for the preparation of further new
frameworks with citrate and oxalate ligands, which deserve further
investigation.
Supporting information available

X-ray crystallographic files for compounds 1a and 2 in CIF
format, TGA curves for compounds 1a, 1b, and 2, and coordination
tables for compounds 1a and 2.
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