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The synthesis of lanthanide carboxylate complexes with desired 
structure types and functions has become an extensive research 
area because of their potential ability to build multifunctional 
materials, combining the attractive structural features with relevant 
physical properties (e.g., luminescence and magnetism).1–5 Varia­
tions in the coordination geometries from central lanthanide 
and the coordination modes from carboxylate in the lanthanide 
carboxylate complexes are interesting themes of structural 
chemistry. Among a lot of synthetic parameters affected their 
structural assembly, there is no doubt that organic ligands play a 
vital role in tuning the structural topology and functionality.6,7 
Among them, salicylic acid (H2SA), a type of organic ligand 
with one carboxyl and one hydroxyl groups arranged in 1,2-fashion 
around the central aromatic moiety, has received much atten­
tion.8–13 Our investigations in the Cambridge Structural Database 
(CSD) have shown that many lanthanide salicylate complexes 
are coordination polymers of low-dimensionality or zero-dimen­
sional molecules.8–10 However, when the second chelating ligand 
1,10-phenanthroline (phen), is bonded to the lanthanide atoms, 
the lanthanide complexes are often dimers because the space is 
overcrowded.11–13 We have constructed two trinuclear complexes 
[Ln3(HSA)5(SA)2(phen)3] (Ln = Dy, Gd), in which the lumi­
nescent Dy3 shows the slow magnetic relaxation processes of 
single ion origin.14 As an extension of the above work, recently, 
three tetranuclear Lniii complexes based on salicylate and phen 
ligands have been prepared to better understand the nature of 
H2SA. Here, we report the syntheses and structures of [Ln2(HSA)4­
(SA)(phen)2]2 [Ln = Eu (1), Sm (2) and Nd (3)].† 

Single crystal X-ray diffraction analysis‡ reveals that com­
plexes 1–3 are isomorphic (Table S1, see Online Supplementary 
Materials). Here, we chose complex 1 to represent the detailed 
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Three novel tetranuclear Lniii complexes [Ln2(HSA)4(SA)
(phen)2]2 (Ln = Eu, Sm and Nd) have been hydrothermally 
synthesized from salicylate and phen ligands. 

†	 Commercial reagents and solvents were used as received. 
	 General procedure for the preparation of complexes 1–3. A mixture of 
Ln2O3 [0.2 mmol, Ln = Eu (1), Sm (2), Nd (3)], H2SA (1.6 mmol), phen 
(0.4 mmol), and H2O (15 ml) was placed in a Teflon-lined stainless steel 
vessel (23 ml), heated to 140 °C for 72 h and then cooled to room tem­
perature at a rate of 5 K h–1. Single crystals of 1–3 suitable for X-ray 
diffraction were obtained. 
	 [Eu2(HSA)4(SA)(phen)2]2 1: yield ~45% based on H2SA. IR (KBr pellet, 
n/cm–1): 3420 (br), 1627 (m), 1602 (s), 1570 (s), 1515 (m), 1485 (s), 1463 
(s), 1420 (m), 1392 (s), 1369 (s), 1335 (w), 1306 (m), 1247 (w), 1146 (w), 
1105 (w), 1032 (w), 893 (w), 844 (w), 758 (w), 726 (m), 703 (w), 660 (w), 
603 (w), 559 (w), 468 (w). Found (%): C, 52.38; H, 2.76; N, 4.31. Calc. 
for C59H40Eu2N4O15 (%): C, 52.54; H, 2.99; N, 4.15.
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Figure  1  (a) Molecular structure of 1 and (b) the local coordination 
environment of Euiii in 1. Symmetry codes: A = –x + 1, –y + 1, –z + 2.

	 [Sm2(HSA)4(SA)(phen)2]2 2: yield ~42% based on H2SA. IR (KBr 
pellet, n/cm–1): 3422 (br), 1629 (m), 1605 (vs), 1572 (s), 1517 (m), 1484 
(s), 1465 (s), 1421 (m), 1391 (s), 1367 (s), 1334 (m), 1308 (w), 1249 (m), 
1145 (m), 1103 (w), 1030 (w), 892 (w), 845 (w), 757 (m), 728 (m), 705 
(w), 661 (w), 605 (w), 561 (w), 469 (w). Found (%): C, 52.49; H, 2.89; 
N, 4.31. Calc. for C59H40N4O15Sm2 (%): C, 52.66; H, 3.00; N, 4.16.
	 [Nd2(HSA)4(SA)(phen)2]2 3: yield ~50% based on H2SA. IR (KBr pellet, 
n/cm–1): 3425 (br), 1623 (m), 1605 (s), 1571 (s), 1516 (m), 1484 (s), 1462 
(s), 1423 (m), 1391 (s), 1368 (s), 1337 (w), 1304 (m), 1248 (w), 1148 (m), 
1106 (w), 1031 (w), 890 (w), 846 (w), 758 (m), 725 (w), 703 (w), 662 
(w), 604 (w), 557 (w), 466 (w). Found (%): C, 53.36; H, 2.92; N, 4.35. 
Calc. for C59H40N4Nd2O15 (%): C, 53.14; H, 3.02; N, 4.20.
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structure. In 1, the asymmetric unit consists of two crystallo­
graphically unique Euiii ions, one SA ligand, four HSA ligands 
and two phen ligands. The coordination environment of Euiii ion 
in 1 is depicted in Figure 1. The Eu(1) center is coordinated by 
nine carboxylate oxygen atoms [Eu–O, 2.354(2)–2.625(2) Å] 
from seven HSA/SA ligands, and the EuO9 polyhedron can be 
described as a distorted tricapped trigonal prism geometry 
(Figure 2). As for the Eu(2) center, the coordination polyhedron 
is eight-coordinated in a distorted bicapped triangular prism 
geometric configuration with four sites occupied by four nitrogen 
atoms [Eu–N, 2.599(3)–2.640(3) Å] from two phen ligands, two 
carboxyl oxygen atoms [Eu–O, 2.321(2) and 2.334(2) Å] from two 
HSA ligands, one carboxyl oxygen atom [Eu–O, 2.5248(19) Å] 
and one hydroxy oxygen atom [Eu–O, 2.204(2) Å] from the 
same SA ligand. All bond lengths around the metal center are 
comparable to those found in other reported Euiii complexes.18–20 
In a molecule of 1, there are three distinct types of coordination 
modes for the HSA/SA ligands: a m2-m1:m2 bridging mode linking 
two lanthanide atoms, a m2-m1:m1 double monodentate bridging 
mode, and a m1-m1:m1 bidentate chelating mode (Figure 3). Adjacent 

Euiii ions are linked via the m2-bridging carboxylate groups of 
the  HSA/SA ligands to generate a binuclear building unit. 
Then, every two binuclear units are connected to form a tetra­
nuclear pattern with the Eu(1)∙∙∙Eu(2)/Eu(1)∙∙∙Eu(1A) distances 
of 4.5205(3)/4.0895(3) Å. In addition, such Eu4 motifs are con­
nected to form a 2D supramolecular network structure (Figure 4) 
by hydrogen bonds of C(52)–H(52A)/O(9) between the carbon 
atom from the phen ligand and the oxygen atom from the HSA 
ligand along the ab plane.

In summary, three unusual tetranuclear Lniii complexes based 
on H2SA and phen ligands were successfully constructed. The 
present findings reveal that the carboxyl group of H2SA can exhibit 
diverse coordination modes; the hydroxyl group can provide an 
additional binding site and connect metal atoms to generate more 
complicated structures with incorporation of the carboxyl groups. 
The procedure described here can be generally used to react with 
other lanthanides for constructing coordination complexes with 
fascinating structures and potential properties. 
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Figure  2  Coordination polyhedra for two Euiii centers in 1.
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Figure  4  2D network structure with hydrogen bonds along the ab plane in 1.
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