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a b s t r a c t

Reactions of lanthanide nitrate, oxalate sodium and 2-pyridylmethylphosphonic acid (2-pmpH2) under

hydrothermal conditions result in five new lanthanide oxalatophosphonates with two types of

structures. Compounds [Ln4(ox)5(2-pmpH)2(H2O)7] �5H2O [Ln3 +
¼Gd (1), Tb (2), Dy (3); ox2�

¼C2O4
2�]

exhibit a double layer structure, made up of net-like {Ln4(ox)5}n layers containing Ln10(ox)10 rings

which are connected by 2-pmpH-. While compounds [Ln4(ox)5(2-pmpH)2(H2O)6] � 6H2O [Ln3 +
¼Ho (4),

Yb (5)] display a three-dimensional framework structure in which the {Ln4(ox)5}n layers are cross-

linked by 2-pmpH. The solid state luminescent and magnetic properties are investigated.

& 2010 Elsevier Inc. All rights reserved.
1. Introduction

Metal phosphonate compounds have gained increasing atten-
tion owing to their potential application in exchange and sorption
[1–4], catalysis [5–7], magnetism [8–11] and optics [12,13].
Lanthanide-based compounds can exhibit excellent photophysical
properties, contributing to f–f transitions with an extremely
narrow bandwidth [14–17]. A number of lanthanide phospho-
nates have been reported so far, most of which were synthesized
by employing phosphonate ligands containing functional groups
in order to improve the solubility and hence the crystallization of
the products [18]. Another approach that has been much less
explored is to introduce a second ligand such as oxalate (ox2�)
into the reaction system. It is well known that oxalate is able to
mediate electronic effects between paramagnetic metal ions. It
can also act as a linker between metal centers to yield structures
ranging from zero-dimensional species to three-dimensional open
framework [19,20]. However, very few lanthanide oxalatopho-
sphonates have been reported so far, including [Ln(ox){MeNH
(CH2CO2)(CH2PO3H)}] �0.5H2O (Ln¼Nd, Eu, Gd), [Ln4(ox)5

(Me2NHCH2PO3)2(H2O)4] �2H2O (Ln¼La, Nd), [Ln3(ox)4(Me2NHCH2

PO3)(H2O)6] �6H2O (Ln¼Gd, Er) [21], [La2(ox)2(H6L)] �2H2O and
Ln2(ox)2(H6L)(H2O)2 �4H2O [Ln¼Nd, Eu; H8L¼(H2O3PCH2)2

N(CH2)4N(CH2PO3H2)2] [22], Na[Ln3(H2O)4(ox)4(CH3PO3)] �2H2O
ll rights reserved.

netra.nju.edu.cn
Ln¼Nd, Pr) [23] and [Gd2(ox)2.5{HO3PCH2NHCH2(CH2CH2OPO2)}
(H2O)2] �5H2O [24].

In this paper, we describe five new lanthanide compounds
combining both 2-pyridylmethylphosphonate [(2-C5H4N)CH2

PO3H2, 2-pmpH2] and oxalate ligands. Compounds [Ln4(ox)5(2-
pmpH)2(H2O)7] �5H2O [Ln¼Gd (1), Tb (2), Dy (3)] show a double
layer structure, while compounds [Ln4(ox)5(2-pmpH)2(H2O)6] �
6H2O [Ln¼Ho (4), Yb (5)] exhibit a three-dimenisonal open
framework structure.
2. Experimental section

2.1. Materials and methods

The 2-pyridylmethylphosphonic acid was prepared by a
modified literature method [25]. All the other starting materials
were of reagent quality and were obtained from commercial
sources without further purification. Elemental analyses were
performed on a Perkin Elmer 240C elemental analyzer. IR spectra
were obtained as KBr disks on a VECTOR 22 spectrometer.
Thermal analyses were performed in nitrogen in the temperature
range 20–700 1C with a heating rate of 10 1C/min on a TGA-DTA
V101B TA Inst 2100. The powder XRD patterns were recorded
on a Shimadzu XD-3A X-ray diffractometer. The luminescent
spectra were measured at room temperature on an Edinburg
FL-FS920 fluorescence spectrometer. The magnetic susceptibility
data of 1 were obtained on a polycrystalline sample, using a
Quantum Design MPMS-XL7 SQUID magnetometer. Diamagnetic

www.elsevier.com/locate/jssc
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corrections were made for both the sample holder and the
compound estimated from Pascal’s constants [26].
Table 2

Selected bond lengths (Å) for compounds 1–3.

1 2 3

Ln(1)–O(1) 2.287(5) 2.267(6) 2.253(6)

Ln(1)–O(4W) 2.374(5) 2.364(5) 2.363(6)

Ln(1)–O(7) 2.384(5) 2.373(5) 2.366(6)

Ln(1)–O(5W) 2.404(5) 2.382(5) 2.376(5)

Ln(1)–O(3W) 2.408(6) 2.389(6) 2.373(7)

Ln(1)–O(11) 2.415(5) 2.390(6) 2.384(6)

Ln(1)–O(8) 2.429(6) 2.437(5) 2.415(5)

Ln(1)–O(12) 2.439(5) 2.429(6) 2.416(6)

Ln(2)–O(2A) 2.216(5) 2.205(6) 2.194(6)

Ln(2)–O(15) 2.377(5) 2.375(5) 2.372(5)

Ln(2)–O(16) 2.390(5) 2.377(5) 2.367(6)

Ln(2)–O(2W) 2.390(5) 2.395(6) 2.374(6)

Ln(2)–O(25B) 2.406(5) 2.384(5) 2.369(6)

Ln(2)–O(14) 2.417(5) 2.403(6) 2.398(5)

Ln(2)–O(13) 2.437(6) 2.428(6) 2.415(6)

Ln(2)–O(26B) 2.444(5) 2.424(5) 2.418(6)

Ln(3)–O(4) 2.227(5) 2.215(5) 2.192(5)

Ln(3)–O(18) 2.386(5) 2.391(6) 2.380(5)

Ln(3)–O(17) 2.394(5) 2.393(5) 2.387(6)

Ln(3)–O(23) 2.397(5) 2.390(5) 2.378(6)

Ln(3)–O(1W) 2.415(5) 2.392(5) 2.384(6)

Ln(3)–O(19) 2.429(5) 2.401(5) 2.389(5)

Ln(3)–O(24) 2.446(5) 2.431(5) 2.419(6)

Ln(3)–O(20) 2.452(5) 2.440(6) 2.443(6)

Ln(4)–O(5) 2.240(6) 2.245(5) 2.231(5)

Ln(4)–O(6C) 2.275(5) 2.265(5) 2.246(6)

Ln(4)–O(21D) 2.443(5) 2.418(6) 2.408(6)

Ln(4)–O(22D) 2.445(5) 2.421(6) 2.417(6)

Ln(4)–O(9E) 2.451(5) 2.434(6) 2.431(6)

Ln(4)–O(10E) 2.453(5) 2.449(5) 2.448(6)

Ln(4)–O(6W) 2.481(5) 2.470(6) 2.456(5)

Ln(4)–O(7W) 2.534(5) 2.528(5) 2.512(6)

Symmetry codes: A: x, y+1, z; B: x+1, y, z; C: �x, �y, �z+1; D: �x, �y+1, �z+1;

E:�x+1, �y, �z+1.
2.2. Syntheses of compounds 1–5

Compounds 1–5 were obtained under the same experimental
conditions. In a general synthesis, a mixture of Ln(NO3)3 �6H2O
(0.05 mmol), 2-pmpH2 (0.05 mmol) and Na2C2O4(0.075 mmol) in
8 mL H2O, was kept in a Teflon-lined autoclave at 160 1C for 5 d.
Then the reaction system was slowly cooled to room temperature,
and the corresponding colorless block-like crystals were obtained
as a single phase, judged by the powder X-ray diffraction
measurement. For 1: Yield 54% based on Gd. Anal. Calcd. for
C22H38N2O38P2Gd4: C, 16.22; H, 2.35; N, 1.72. Found: C, 16.27; H,
2.32; N, 1.59%. IR (KBr, cm�1): 3374(br),1687(s), 1647(s),
1530(w), 1472(w), 1400(w), 1356(w), 1319(m), 1253(w),
1202(m), 1150(m), 1109(m), 1083(m), 1017(m), 920(w), 796(m),
752(w), 643(w), 605(w), 542(w), 484(w).

For 2: Yield 49% based on Tb. Anal. Calcd. for
C22H38N2O38P2Tb4: C, 16.15; H, 2.34; N, 1.71. Found: C, 16.17;
H, 2.37; N, 1.71%. IR (KBr, cm�1): 3378(br), 1687(s), 1647(s),
1529(w), 1472(w), 1425(w), 1400(w), 1356(w), 1319(m),
1253(w), 1201(m), 1150(m), 1110(m), 1084(m), 1016(m),
920(w), 878(w), 796(m), 752(w), 646(w), 605(w), 543(w), 483(w).

For 3: Yield 44% based on Dy. Anal. Calcd. for C22H38N2O38P2

Dy4: C, 16.01; H, 2.32; N, 1.70. Found: C, 16.01; H, 2.37; N, 1.71%.
IR (KBr, cm�1): 3379(br),1687(s), 1647(s), 1530(w), 1471(w),
1401(w), 1356(w), 1319(m), 1253(w), 1201(m), 1151(m),
1110(m), 1084(m), 1017(m), 920(w), 878(w), 796(m), 753(w),
643(w), 605(w), 542(w), 484(w).

For 4: Yield 67% based on Ho. Anal. Calcd. for C22H38N2O38

P2Ho4: C, 15.92; H, 2.31; N, 1.69. Found: C, 15.97; H, 2.27; N,
1.69%. IR (KBr, cm�1): 3420(br), 3170(w), 3127(w), 1705(w),
1648(s), 1532(w), 1463(w), 1365(w), 1319(m), 1195(w), 1139(m),
1110(m), 1034(m), 923(w), 799(m), 759(w), 715(w), 637(w),
614(w), 549(w), 490(w).

For 5: Yield 68% based on Yb. Anal. Calcd. for C22H38N2O38

P2Yb4: C, 15.61; H, 2.26; N, 1.66. Found: C, 15.67; H, 2.21; N, 1.67.
IR (KBr, cm�1): 3402(br), 3170(w), 3126(w), 1709(w), 1653(s),
1532(w), 1463(w), 1365(w), 1321(m), 1120(w), 1145(m),
1115(m), 1039(m), 1004(w), 923(w), 800(m), 761(w), 721(w),
649(w), 614(w), 549(w), 488(w).
Table 1
Crystallographic data for compounds 1–5.

Compound 1 2

Empirical formula C88H152N8O152P8Gd16 C88H152N8O152P8Tb16

Fw 6517.94 6544.66

Crystal system Monoclinic Monoclinic

Space group P21/c P21/c

a (Å) 11.498(2) 11.4607(6)

b (Å) 10.564(2) 10.5623(5)

c (Å) 36.382(7) 36.3048(18)

a (deg) 90 90

b (deg) 93.012(4) 93.1260(10)

g (deg) 90 90

V (Å3) 4413.1(15) 4388.2(4)

Z 1 1

Dc (g cm�3) 2.453 2.477

F(0 0 0) 3096 3112

GOF on F2 0.962 1.061

R1, wR2
a [I42s(I)] 0.0437, 0.0946 0.0402, 0.0859

R1, wR2
a (All data) 0.0626, 0.0987 0.0603, 0.0934

(Dr)max, (Dr)min (e Å�3) 0.701, �0.982 1.412, �1.827

a R1¼S||Fo|� |Fc||/S|Fo|. wR2¼[Sw(Fo
2
�Fc

2)2/Sw(Fo
2)2]1/2.
Thermal analyses reveal that each compound experiences the
first step decomposition in the temperature range 30–250 1C, with
the weight loss of 13.3% (calcd. 13.3%) for 1, 13.6% (calcd. 13.2%)
for 2, 13.3% (calcd. 13.1%) for 3, 12.5% (calcd. 13.0%) for 4, and
12.3% (calcd. 12.8%) for 5, corresponding to the release of 12 water
molecules.
3 4 5

C88H152N8O152P8Dy16 C11H19NO19PHo2 C11H19NO19PYb2

6601.94 830.10 846.32

Monoclinic Triclinic Triclinic

P21/c P1̄ P1̄

11.4253(6) 9.7800(18) 9.6967(6)

10.5386(6) 10.5058(18) 10.4415(7)

36.209(2) 11.1899(19) 11.1027(7)

90 95.450(18) 95.090(3)

93.2348(8) 92.327(12) 92.821(4)

90 107.404(9) 107.231(3)

4352.9(4) 1089.2(3) 1066.07(12)

1 2 2

2.518 2.531 2.637

3128 786 798

1.038 1.002 1.001

0.0406, 0.0801 0.0377, 0.0773 0.0319, 0.0736

0.0644, 0.0882 0.0550, 0.0860 0.0435, 0.0840

1.600, �1.801 1.256, �1.295 1.256, �0.991



ARTICLE IN PRESS

T.-H. Yang et al. / Journal of Solid State Chemistry 183 (2010) 1159–1164 1161
2.3. X-ray crystallographic analyses

Single crystals of dimensions 0.20�0.18�0.16 mm3 for 1,
0.28�0.20�0.16 mm3 for 2, 0.20�0.18�0.16 mm3 for 3,
0.12�0.06�0.04 mm3 for 4 and 0.16�0.12�0.10 mm3 for 5 were
selected for indexing and intensity data collection at 298 K on a
Bruker SMART APEX CCD diffractometer equipped with graphite-
monochromatized MoKa (l¼0.71073 Å) radiation. A hemisphere of
data was collected in the y range 1.77–26.001 for 1, 2.01–26.001 for 2,
1.79–26.001 for 3, 1.83–25.501 for 4 and 1.85–25.001 for 5 using a
narrow-frame method with scan widths of 0.301 in o and an
exposure time of 10 s per frame. Numbers of measured and observed
reflections [I42s(I)] are 22573 and 8564 (Rint¼0.0340) for 1, 23374
and 8559 (Rint¼0.0543) for 2, 23194 and 8514 (Rint¼0.0590) for 3,
5740 and 3980 (Rint¼0.0264) for 4 and 5365 and 3668 (Rint¼0.0222)
Fig. 1. Building unit of 1 with the labeling scheme (50% probability). All H atoms except

as those given in Table 2.

Table 3

Selected bond lengths (Å) for compounds 4 and 5.

4 5

Ln(1)–O(3A) 2.219(6) 2.180(6)

Ln(1)–O(1) 2.252(5) 2.225(6)

Ln(1)–O(5) 2.352(6) 2.333(6)

Ln(1)–O(4) 2.391(6) 2.361(6)

Ln(1)–O(8) 2.408(5) 2.375(6)

Ln(1)–O(9B) 2.414(6) 2.385(6)

Ln(1)–O(1W) 2.461(6) 2.418(6)

Ln(1)–O(2W) 2.463(6) 2.451(5)

Ln(2)–O(2) 2.158(6) 2.151(5)

Ln(2)–O(7C) 2.349(6) 2.330(6)

Ln(2)–O(13D) 2.357(5) 2.325(6)

Ln(2)–O(12) 2.366(5) 2.326(6)

Ln(2)–O(11E) 2.371(5) 2.326(5)

Ln(2)–O(10) 2.376(5) 2.333(6)

Ln(2)–O(3W) 2.417(6) 2.380(6)

Ln(2)–O(6C) 2.470(6) 2.453(6)

Symmetry codes: A: �x, �y+1, �z; B: �x+1, �y+1, �z; C: x, y+1, z; D: �x+1,

�y+2, �z+1; E: �x+1, �y+2, �z.
for 5, respectively. The data were integrated using the Siemens SAINT
program [27], with the intensities corrected for Lorentz factor,
polarization, air absorption, and absorption due to variation in the
path length through the detector faceplate. Empirical absorption
corrections were applied. The structures were solved by direct
method and refined on F2 by full matrix least-squares using SHELXTL
[28]. All the non-hydrogen atoms were refined anisotropically. All H
atoms were refined isotropically. Crystallographic and refinement
details are listed in Table 1. Selected bond lengths and angles are
given in Tables 2 and 3.
3. Results and discussion

3.1. Description of structures 1–3

Compounds 1–3 are isostructural, and crystallize in the
monoclinic space group P21/c. Hence only the structure of 1 will
be discussed in detail as a representative. The building unit of 1
consists of four unique Gd atoms, two 2-pmpH� ligands, five
oxalate anions, seven coordinated and five lattice water mole-
cules. As shown in Fig. 1, four Gd atoms are each eight-
coordinated. Around the Gd(1) atom, four positions are occupied
by oxygen atoms [O(7), O(8), O(11), O(12)] from a pair of oxalate
anions, and the remaining four sites are filled with a phosphonate
oxygen [O(1)] from 2-pmpH� and three water molecules [O(3W),
O(4W), O(5W)]. The Gd(2) and Gd(3) atoms are each surrounded
by six oxalate oxygen atoms [O(13), O(14), O(15), O(16), O(25B),
O(26B) for Gd(2) and O(17), O(18), O(19), O(22), O(23), O(24)
for Gd(3)], one phosphonate oxygen [O(2A) for Gd(2) and O(4) for
Gd(3)] and one water molecule [O(2W) for Gd(2) and O(1W) for
Gd(3)]. The coordination sphere of Gd(4) is completed by four
oxalate oxygen atoms [O(9E), O(10E), O(21D), O(22E)], two
phosphonate oxygens [O(5), O(6C)], and two water molecules
[O(6W), O(7W)]. The Gd–O bond distances and O–Gd–O bond
angles are in the range of 2.216(5)�2.534(5) Å and 66.35(17)�
153.82(17)1, respectively, comparable to those in compound
those attached to the N atoms are omitted for clarity. Symmetry codes are the same
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Gd(ox){MeNH(CH2CO2)(CH2PO3H)}] �0.5H2O [2.302(4)�2.486(4)
Å,66.57(2)�158.65(2)1] [21].

Each oxalate anion serves as a tetra-dentate ligand, chelating
and bridging the Gd atoms into a net-like layer of {Ln4(ox)5}n

containing 40-membered rings of Ln10(ox)10 (Fig. 2, top). Two
crystallographically distinguished 2-pmpH� ligands are found in
the structure, showing a bi-dentate (P1-pmpH) and tri-dentate
(P2-pmpH) coordination modes, respectively (Scheme 1). The
P1-pmpH bridges Gd(1) and Gd(2F) atoms within the {Ln4(ox)5}n

layer through two of its three phosphonate oxygens [O(1), O(2)].
The remaining phosphonate oxygen O(3) is pendent, and is
involved in the hydrogen bond network. The P2-pmpH bridges
Gd(3) and Gd(4C) within the {Ln4(ox)5}n layer, and also
coordinates to the equivalent Gd(4) atom in the neighboring
NH+

P

O

O

O

Ln

Ln

NH+

P

O

O

O

Ln

Ln

Ln

Scheme 1

Fig. 2. Top: One layer of {Gd4(ox)5}n in compound 1. Bottom: Double layer of

structure 1. Pyridyl groups and water molecules are omitted for clarity.
{Ln4(ox)5}n layer through O(5) atom. Consequently, a double layer
is constructed (Fig. 2, bottom). The pyridyl groups of P1-pmpH
reside on the two sides of the double layer, while those of
P2-pmpH together with the lattice water molecules fill in the
cavities within the double layer (Fig. 3). The double layers are
further interconnected via hydrogen bonds among protonated
pyridyl groups, uncoordinated phosphonate oxygens and water
molecules, and forming a three dimensional supramolecular
structure.

The structures of compounds 2 and 3 are analogous to 1 except
that the Gd3 + ion in 1 is replaced by Tb3 + in 2, and Dy3 + in 3. The
cell volumes decrease from 1 to 3, in accordance with the
decreasing sequence of the ionic radii of the corresponding metal
ions.
3.2. Description of structures 4 and 5

Compounds 4 and 5 are also isostructural, and crystallize in
the triclinic space group P�1. Thus compound 4 is selected as an
example. The asymmetric unit of 4 contains two unique Ho atoms,
one 2-pmpH� ligand, two and a half unique oxalate anions, three
coordinated and three lattice water molecules. As shown in Fig. 4,
both Ho(1) and Ho(2) atoms are eight-coordinated. The eight
positions around Ho(1) are occupied by four oxygen atoms [O(4),
O(5), O(8), O(9B)] from two oxalate anions, two phosphonate
oxygens [O(1), O(3A)] from two equivalent 2-pmpH� ligands, and
two water molecules [O(1W), O(2W)]. The Ho(2) atom is
surrounded by six oxygen atoms [O(6C), O(7C), O(10), O(11E),
O(12), O(13D)] from three oxalate anions, one phosphonate
oxygen O(2) from the 2-pmpH� ligand and a water molecule
O(3W). The Ho–O bond lengths fall in the range 2.219(6)–
2.470(6) Å, which are comparable to those in Ho2Cu3(C5H4

NPO3)6 [29].
A {Ho4(ox)5}n layer containing Ho10(ox)10 rings is also

observed in 4, similar to those in 1–3. However, each 2-pmpH�

in 4 behaves as a tri-dentate ligand, bridging Ho(1) and Ho(2)
atoms within the {Ho4(ox)5}n layer and between the layers
through its three phosphonate oxygen atoms. Thus a three
dimensional open framework is formed, which can be described
as {Ho4(ox)5}n layers cross-linked via corner-sharing {HoO8} and
{PO3C} polyhedra. The generated cavities are filled with proto-
nated pyridyl groups and lattice water molecules (Fig. 5).
Fig. 3. Structure 1 viewed down the b-axis.
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Structure 5 is identical to 4 except that the Ho3 + ion is replaced by
Yb3 + in 5. The cell volume of 5 is decreased comparing with that
of 4.

It is noted that compounds 1–5 were synthesized under
similar conditions. Although all have the same molecular
composition, two types of structures are found depending on
different lanthanide ions. Compounds 1–3 show double layer
structures, separated by the bi-dentate pmpH� ligands. While in
compounds 4 and 5, all pmpH� serve as tri-dentate ligands and
link the Ln–ox layers into a three dimensional open framework.
Such structural difference could be attributed to the effect of
lanthanide contraction. Similar phenomenon has been observed
in a few other lanthanide phosphonate systems [18,30].
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3.3. Luminescent and magnetic properties

The solid-state luminescent properties of compounds 1–3 were
investigated at room temperature. Compound 1 exhibits a broad
blue fluorescent emission band at lmax¼448 nm (lex¼340 nm)
Fig. 5. Structure 4 viewed down the c-axis.

Fig. 4. Building unit of 4 with the labeling scheme (50% probability). All H atoms

except that attached to N1 were omitted for clarity. Symmetry codes are the same

as those given in Table 3.
(Fig. 6), which corresponds to a ligand-centered (LC) fluorescence.
The metal-centered (MC) electronic levels of Gd3+ ion are known
to be located at 31,000 cm�1, well above the ligand-centered
electronic levels of organic ligands. Therefore, ligand-to-metal
energy transfer and the consequent MC luminescence cannot be
observed [31]. Under excitation of 370 nm, compound 2 emits
strong green luminescence characteristic for the Tb3+ ions, with four
emission bands at about 480, 545, 584 and 621 nm corresponding to
5D4-

7FJ (J¼6, 5, 4, 3) transitions (Fig. 7, top) [32,33]. Excitation of
50
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Fig. 6. Emission spectrum of 1 in solid state.

0

300

600

900

5D4 to 7F6

5D4 to 7F5

5D4 to 7F4 
5D4 to 7F3

R
el

at
iv

e 
in

te
ns

ity

Wavelength / nm

0

300

600

900

5D9/2 to 7H13/2

5D9/2 to 7H15/2

R
el

at
iv

e 
in

te
ns

ity

Wavelength / nm

400 500 600 700

400 500 600 700

Fig. 7. Emission spectra of 2 (top) and 3 (bottom) in solid state.



ARTICLE IN PRESS

0

1

2

3

4

T / K

χ M
-1

 / 
cm

-3
 m

ol

χ M
 / 

cm
3  m

ol
-1

0

10

20

30

40

0 50 100 150 200 250 300

Fig. 8. The wM and wM
�1 versus T plots for compound 1.

T.-H. Yang et al. / Journal of Solid State Chemistry 183 (2010) 1159–11641164
complex 3 at 285 nm leads to a yellow luminescent emission typical
for Dy3+. The two bands at 480 and 587 nm are attributed to
transitions of 4D9/2-

6H15/2 and 4D9/2-
6H13/2, respectively (Fig. 7,

bottom). The decay for 2 and 3 could be best fit by a biexponential
process. The corresponding lifetimes are t1¼784.56ms (99.58%) and
t2¼21.74ms (0.42%) for 2, and t1¼0.92ms (84%) and t2¼5.41ms
(16%) for 3, comparable to other corresponding Ln3+ complexes
[34,35].

Fig. 8 shows the wM and wM
�1 versus T plots for compound 1.

At 300 K, the effective magnetic moment per Gd (7.97mB) is very
close to the spin only value of 7.94mB for S¼7/2. The magnetic
behavior of 1 follows the Curie–Weiss law in the whole
temperature range with a Curie constant of 7.98 cm3 K mol�1

and a Weiss constant y ¼�0.149 K. The small value of Weiss
constant suggests that the magnetic coupling between Gd(III) ions
is very weak, thus the magnetic behavior of 1 is paramagnetic.
4. Conclusions

Five new lanthanide oxalatophosphonates [Ln4(ox)5

(2-pmpH)2(H2O)7] �5H2O [Ln3 +
¼Gd (1), Tb (2), Dy (3)] and

[Ln4(ox)5(2-pmpH)2(H2O)6] �6H2O [Ln(III)¼Ho (4), Yb (5)] are
obtained by using 2-pyridylmethylphosphonic acid (2-pmpH2) in
the presence of oxalate anion. In all cases, {Ln4(ox)5}n layers
containing Ln10(ox)10 rings are found, which are linked by
phosphonate groups of 2-pmpH� into a double layer in the cases
of 1–3, and 3D open framework in the cases of 4 and 5. More
interestingly, compounds 1–3 show blue, green and yellow
luminescent emissions, respectively. The results demonstrate that
luminescent lanthanide phosphonates with new architectures
may be obtained through the introduction of a second bridging
ligand. Further work is in progress to synthesize mixed ligated
metal phosphonates with interesting optical and magnetic
properties.
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