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Reaction of suberic acid (H2L¼HOOC(CH2)6COOH), LaCl3 and NaOH at 1708C yielded
La2(H2O)2L3. The complex is triclinic, space group P�11, with a¼ 8.246(1), b¼ 13.463(2),
c¼ 14.073(2) Å, �¼ 104.29(1)8, �¼ 105.07(1)8, �¼ 93.61(1)8, Z¼ 2, V¼ 1448.4(3) Å3, R1¼

0.0324 and wR2¼ 0.0723 for 5319 observed reflections (I� 2�(I )) of 6597 unique reflections.
The crystal structure features infinite lanthanum oxide chains of edge-sharing (LaO9) mono-
capped square antiprisms, in which La atoms are coordinated by nine oxygen atoms
of six suberate anions and one water molecule at the cap with d(La–O)¼ 2.475–2.666 Å.
The chains are bridged by the dicarboxylate anions to form a 3D, nonporous framework
and interchain hydrogen bonding interactions between the capping water and carboxylate
oxygen atoms contribute to the stabilization of the crystal structure. Thermogravimetric and
IR properties are presented.

Keywords: Lanthanum(III); Suberato complex; Coordination polymer; Hydrothermal
synthesis; Crystal structure

1. Introduction

There is considerable current interest in the rational design and synthesis of
metal–organic coordination polymers due to their interesting structures as well as
potential applications as smart optoelectronic, magnetic, and porous materials [1–4].
Porous coordination polymers with open frameworks, where guest species can be
removed and reintroduced reversibly without collapse of the framework, are of partic-
ular interest as heterogeneous catalysts, sensors, storage and separation devices.
The past several years have witnessed impressive developments in using
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benzene di- and polycarboxylic acids as well as aliphatic �,!-dicarboxylic acids to
construct charge–neutral open frameworks [5–12]. These generally do not need counter-
ions that would occupy and block the open channels. In comparison with coordination
polymers with transition metal dicarboxylate networks, investigation of lanthanide
aliphatic �,!-dicarboxylates is limited [13, 14]. The reported polymers can be classified
by two types, one of which exhibits co-bridging of partially and fully deprotonated
dicarboxylic acids [14–17]; the other is constructed only by dicarboxylato ligand bridges
[14, 18–29]. The principal building blocks are isolated metal oxygen polyhedra,
edge-shared metal oxygen bi-polyhedra and edge-shared metal oxygen polyhedron
chains. For example, the isolated metal oxygen polyhedra in lutetium succinate
Lu(H2O)2(C4H4O4)1.5 � 2H2O are interlinked by succinato ligands to generate a 3D
open framework with guest H2O molecules in cavities [22]. The edge-shared metal
oxygen bi-polyhedra are bridged by dicarboxylate anions to form 2D open layers in
Gd2(C6H8O4)3(H2O)4 [14] and Eu2(C6H8O4)3(H2O)4 [28] as well as 3D microporous
networks in [Ce2(C6H8O4)3(H2O)4] � 4H2O(C6H10O4) [29] and in a series of isostruc-
tural adipates represented by [La2(C6H8O4)3(H2O)4] � 6H2O [27–29]. Furthermore,
edge-shared metal oxygen chains are bridged by dicarboxylate ligands to form 2D
open layers [18, 25] and 3D open frameworks [17, 23, 24, 28]. The abovementioned
investigations were restricted to the dicarboxylic acids HOOC–(CH2)n–COOH with
n� 5 [13] and, to the best of our knowledge, no work with n� 6 has been reported.
As a continuation of our systematic research on �,!-dicarboxylate complexes [12],
we present the synthesis, crystal structure and thermal characterization of a lanthanum
suberate La2(H2O)2 � (C8H12O4)3, which represents the first example of lanthanide
suberato coordination polymers.

2. Experimental

All chemicals of reagent grade were commercially available and used without
further purification. C and H microanalyses were performed with a Heraeus
Rapid-CHNO instrument. FTIR spectra were recorded on a Shimadzu FTIR-
8900 spectrophotometer (KBr pellets) in the range 4000–400 cm�1. TG/DTA
measurements were carried out from room temperature to 5508C in a flowing
nitrogen atmosphere using a Seiko Exstar 6000 TG/DTA6300 instrument with a
heating rate of 108Cmin�1.

2.1. Synthesis

In a typical synthesis, 0.121 g (0.695mmol) of suberic acid was added to 10 cm3 of H2O.
Under continuous stirring, NaOH (1.0M) was then dropwise added until the suberic acid
completely dissolved. The resulting solution was mixed with an aqueous solution
of 0.290 g LaCl3 � nH2O in 17 cm3 of H2O and a white flocculent precipitate formed.
The mixture was then adjusted to pH¼ 7.8 with NaOH (1.0M). Subsequently,
half of the mixture was transferred to a 23 cm3 PTFE liner, which was sealed in a stainless
autoclave. The reaction was carried out at 1708C for 3 days under autogeneous
pressure. After the autoclave was cooled to room temperature, colourless crystals were
gathered by filtration. Yield: 31.7% based on initial LaCl3 � nH2O. Anal. Calcd for
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C24H40La2O14 (%): C, 34.71; H, 4.86. Found: C, 34.82; H, 4.77. IR (cm�1): 417m, 497w,
725m, 949w, 1097w, 1198w, 1288s, 1358m, 1423s, 1551vs, 1634w, 2860w, 2932s, 3425m
(broad).

2.2. X-ray crystallography

A colourless crystal was mounted on a Bruker P4 diffractomerter with graphite-
monochromated Mo-K� radiation (�¼ 0.71073 Å) for cell determination and subse-
quent data collection. Lattice parameters were refined from the 2# values (10–258) of
25 carefully centred reflections. Reflection intensities with 2#max¼ 558 were collected
at 293K using the #� 2# scan technique. Data were corrected for Lp and absorption
effects. SHELXS-97 and SHELXL-97 programs [30, 31] were used for structure solu-
tion and refinement. The structure was solved by direct methods. Subsequent difference
Fourier syntheses enabled all non-hydrogen atoms to be located. After several cycles of
refinement, all hydrogen atoms of suberato groups were geometrically generated while
the aqua hydrogen atoms were located from successive difference Fourier maps.
Finally, all non-hydrogen atoms were refined with anisotropic displacement parameters
by full-matrix least-squares techniques and hydrogen atoms with isotropic displacement
parameters. Detailed information on crystal data and structure determination is
summarized in table 1. Selected interatomic distances and bond angles are given in
table 2.

Table 1. Crystal data and structure refinement details.

Compound La2(H2O)2(C8H12O4)3
Empirical formula C24H40La2O14

Colour/Shape Colourless, blocky
Size (mm) 0.53� 0.36� 0.22
Formula weight 830.38
Temperature 293K
Crystal system, space group triclinic, P1

a (Å) 8.246(1)
b (Å) 13.463(2)
c (Å) 14.073(2)
� (8) 104.29(1)
� (8) 105.07(1)
� (8) 93.61(1)

Volume (Å3), Z 1448.4(3), 2
Dcalcd (g cm�3) 1.904
� (Mo-K�) (cm�1) 2.977
F(000) 820
Radiation Graphite monochromated

Mo-K� (�¼ 0.71073 Å)
Scan type #� 2#
No. of measured reflections Total: 7964; unique: 6597 (Rint¼ 0.0549)
Correction Semi-empirical based on psi-scans
No. of observed reflections [I� 2� (I)] 5319
No. of variables 379
Goodness-of-fit on F2 1.231
Final R indices [I� 2�(I )]a R1¼ 0.0324, wR2¼ 0.0723
R indices (all data)a R1¼ 0.0464, wR2¼ 0.0781
A, B values in weighting schemeb 0.0345, 1.23
Extinction coefficient 0.0010(2)
Max. and min. peak in final diff. map 1.61 and �1.72 e Å�3

awR2 ¼ ½�wðF 2
o � F 2

c Þ
2=�wðF 2

o Þ
2
�
1=2. bw ¼ ½� 2

ðF 2
o Þ þ ðAPÞ

2
þ BP��1 with P ¼ ðF 2

o þ 2F 2
c Þ=3.
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3. Results and discussion

3.1. Synthesis and IR spectrum

Hydrothermal reaction of LaCl3 � nH2O, suberic acid and NaOH in H2O at pH¼ 7.8
yielded La2(H2O)2(C8H12O4)3 at 1708C. The IR spectrum displays two strong sharp
bands at 1551 and 1423 cm�1, respectively, due to the asymmetric and symmetric
–CO2 stretching vibrations of the carboxylate groups. A broad band centred at
3425 cm�1 and a weak absorption at 1634 cm�1 could be attributed to the aqua ligands
and absorptions at 2932 and 2860 result from the CH2 groups of the dicarboxylate
anions.

3.2. Thermal analyses

TG-DTA curves show a first weight loss of 4.7% over 100–2508C with an endo-
thermic processes centred at 1938C, corresponding to the complete dehydration

Table 2. Selected interatomic distances (Å) and bond angles (8).

La(1)–O(1) 2.594(3) La(1)–O(10)#3 2.500(3) La(2)–O(6) 2.570(3)
La(1)–O(2) 2.657(3) La(1)–O(12)#4 2.526(3) La(2)–O(8)#6 2.496(3)
La(1)–O(4)#1 2.523(3) La(1)–O(13) 2.549(4) La(2)–O(9) 2.580(3)
La(1)–O(5) 2.498(3) La(2)–O(2) 2.500(3) La(2)–O(10) 2.666(3)
La(1)–O(7)#2 2.643(3) La(2)–O(3)#5 2.475(3) La(2)–O(11)#4 2.477(3)
La(1)–O(8)#2 2.628(3) La(2)–O(5) 2.637(3) La(2)–O(14) 2.559(4)

O(1)/La(1)/O(2) 49.1(1) O(5)/La(1)/O(12)#4 93.8(1) O(3)#5/La(2)/O(10) 70.1(1)
O(1)/La(1)/O(4)#1 145.1(1) O(5)/La(1)/O(13) 88.6(2) O(3)#5/La(2)/O(11)#4 83.3(1)
O(1)/La(1)/O(5) 115.4(1) O(7)#2/La(1)/O(8)#2 49.0(1) O(3)#5/La(2)/O(14) 136.5(1)
O(1)/La(1)/O(7)#2 81.0(1) O(7)#2/La(1)/O(10)#3 116.3(1) O(5)/La(2)/O(6) 49.7(1)
O(1)/La(1)/O(8)#2 75.6(1) O(7)#2/La(1)/O(12)#4 143.9(1) O(5)/La(2)/O(8)#6 129.8(1)
O(1)/La(1)/O(10)#3 72.7(1) O(7)#2/La(1)/O(13) 140.9(1) O(5)/La(2)/O(9) 140.8(1)
O(1)/La(1)/O(12)#4 75.1(1) O(8)#2/La(1)/O(10)#3 68.4(1) O(5)/La(2)/O(10) 141.3(1)
O(1)/La(1)/O(13) 137.9(2) O(8)#2/La(1)/O(12)#4 143.2(1) O(5)/La(2)/O(11)#4 73.4(1)
O(2)/La(1)/O(4)#1 139.8(1) O(8)#2/La(1)/O(13) 124.3(1) O(5)/La(2)/O(14) 105.0(1)
O(2)/La(1)/O(5) 67.4(1) O(10)#3/La(1)/O(12)#4 82.0(1) O(6)/La(2)/O(8)#6 81.9(1)
O(2)/La(1)/O(7)#2 75.8(1) O(10)#3/La(1)/O(13) 81.1(2) O(6)/La(2)/O(9) 158.7(1)
O(2)/La(1)/O(8)#2 107.2(1) O(12)#4/La(1)/O(13) 68.9(2) O(6)/La(2)/O(10) 140.1(1)
O(2)/La(1)/O(10)#3 118.9(1) O(2)/La(2)/O(3)#6 147.1(1) O(6)/La(2)/O(11)#4 121.3(1)
O(2)/La(1)/O(12)#4 68.1(1) O(2)/La(2)/O(5) 67.7(1) O(6)/La(2)/O(14) 76.6(1)
O(2)/La(1)/O(13) 128.5(1) O(2)/La(2)/O(6) 92.9(1) O(8)#6/La(2)/O(9) 89.1(1)
O(4)#1/La(1)/O(5) 79.1(1) O(2)/La(2)/O(8)#6 137.1(1) O(8)#6/La(2)/O(10) 67.8(1)
O(4)#1/La(1)/O(7)#2 73.3(1) O(2)/La(2)/O(9) 80.6(1) O(8)#6/La(2)/O(11)#4 142.3(1)
O(4)#1/La(1)/O(8)#2 69.8(1) O(2)/La(2)/O(10) 49.4(1) O(8)#6/La(2)/O(14) 69.6(1)
O(4)#1/La(1)/O(10)#3 97.8(1) O(2)/La(2)/O(11)#4 75.6(1) O(9)/La(2)/O(10) 49.4(1)
O(4)#1/La(1)/O(12)#4 138.1(1) O(2)/La(2)/O(14) 67.7(1) O(9)/La(2)/O(11)#4 76.9(1)
O(4)#1/La(1)/O(13) 69.7(2) O(3)#5/La(2)/O(5) 82.4(1) O(9)/La(2)/O(14) 82.3(1)
O(5)/La(1)/O(7)#2 72.44(9) O(3)#5/La(2)/O(6) 76.8(1) O(10)/La(2)/O(11)#4 76.7(1)
O(5)/La(1)/O(8)#2 118.85(9) O(3)#5/La(2)/O(8)#6 73.1(1) O(10)/La(2)/O(14) 113.7(1)
O(5)/La(1)/O(10)#3 169.7(1) O(3)#5/La(2)/O(9) 119.0(1) O(11)#4/La(2)/O(14) 140.1(1)

Hydrogen bonding contacts
D–H d(D–H) dðH � � �AÞ ff(D–H� � �A) d(D–H � � �AÞ A

O(13)–H(13)A 0.62 2.37 139 2.858 O(11)#9

O(13)–H(13)B 0.76 2.16 162 2.892 O(3)
O(14)–H(14)A 0.71 2.27 147 2.893 O(7)
O(14)–H(14)B 0.79 2.28 145 2.966 O(1)

Symmetry codes used are: #1¼x, y, zþ 1; #2¼�xþ 1,�yþ 2, zþ 2; #3¼x� 1, y, z; #4¼�xþ 1,�yþ 1, �z; #5¼ xþ 1, y,
zþ 1; #6¼�xþ 2, �yþ 2, �zþ 2; #7¼x, y, z�1; #8¼ x� 1, y, z; #9¼ xþ 1, y, z (identical with figure 1).
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of La2(H2O)2(C8H12O4)3 (Calcd 4.3% for two moles of H2O). Since the TG curve indi-
cates no significant variation in weight on heating upto 3408C, a weak endothermic
peak at 3278C suggests that the initially formed anhydrous lanthanum suberate
undergoes rearrangement. Significant weight loss of 57.9% at 340–5508C with three
endothermic peaks at 360, 400 and 4908C, respectively, is very close to the calculated
value of 56.4% for liberation of three moles of suberic anhydride per formula unit.
The white residue was identified as La2O3 by powder X-ray diffraction.

3.3. X-ray structure

The asymmetric unit consists of two La3þ cations (La(1) and La(2)), three suberate
anions (L(1), L(2) and L(3)) and two water molecules. As shown in figure 1, both
La atoms are similarly sited in significantly distorted, mono-capped, square antiprisms
(LaO9), bonded to nine oxygen atoms from six suberate anions and one water molecule
at the cap. (LaO9) coordination polyhedra are edge-shared through two carboxylate
oxygen atoms (O(2) and O(5); O(8) and O(10)) of different suberate anions to generate
infinite lanthanum oxide chains extending in the [1 0 0] direction (figure 2). The result-
ing chains are further connected by the dicarboxylate anions to form a 3D framework,
which could be described as inorganic layers of lanthanum oxide chains pillared by
organic spacers (figure 2). In contrast to reported lanthanide dicarboxylates with
porous 3D frameworks [13, 23, 29], the suberato ligands in this case are so arranged
that no apparent porosity can be observed. The structure is stabilized by interchain
hydrogen bonding interactions between the coordinated water and carboxylate
oxygen atoms with dðO � � �OÞ ¼ 2.858–2.966 Å (figure 2, table 2). La–O bond distances
lie in the range 2.475–2.666 Å and are comparable with those observed in a lanthanum
adipate [La2(C6H8O4)3(H2O)4] � 6H2O, where the edge-shared dinuclear (La2O16) units
of the (LaO9) polyhedra are interconnected by adipato ligands to form a 3D porous
framework with lattice H2O molecules in tunnels [27]. To the best of our knowledge,
the present complex is the first suberato-bridged lanthanide coordination polymer.
The structure is similar to a very recently reported Eu adipate compound
[Eu2(C6H8O4)3(H2O)] �H2O, where alternating (EuO8) and (EuO9) polyhedra are
edge-shared to create 1D chains, which complete a 3D framework through bridging
adipato ligands [28].

Of the three crystallographically distinct suberate anions, two dicarboxylate anions,
L(1) and L(3), exhibit similar coordination modes, being bound to four La atoms with
one terminal carboxylate group bidentately bridging two metal atoms in syn-anti
fashion and the other end chelating one metal atom with a chelating oxygen atom
bonded to an additional metal atom (figure 1). The third suberate anion L(2) bridges
four La atoms in such a way that every carboxylate chelates one La atom with one
oxygen additionally coordinating a second metal atom (figure 1). Such coordination
of suberate anions has not been reported in the literature. For example,
suberate anions in {[Mn(phen)2(H2O)]2(C8H12O4)}{[Mn(phen)2(C8H12O4)]2L � 4H2O
[32], Ni(H2O)4(C8H12O4) [33] and Cd(H2O)2(C8H12O4) [34] bismonodentately bridge
metal atoms into 1D polymeric chains. In [Cu2(phen)2(C8H12O4)2] � 3H2O, the carboxyl-
ate group of the tridentate suberate anion monoatomically coordinates one Cu atom or
bridges two metal atoms [35]. Suberate anions in Co(H2O)2(C8H12O4) link three Co
atoms with the carboxylate groups chelating one metal atom and bisatomically bridging
two metal atoms [36]. The bisbidentate suberate anions in Zn(C8H12O4) interlink
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L(1) 

L(2) 

L(3) 
Figure 1. The coordination environments of the lanthanum atoms and the bridging modes of suberate
anions along with the atomic labelling scheme for the complex. Displacement ellipsoids are drawn at the
45% probability level (for symmetry codes see table 2).
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Figure 2. The edge-shared lanthanum oxide chains with hydrogen bonds indicated as dashed lines and perspective views of crystal structure of 1.
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metal atoms to afford a 3D network [37]. As far as the suberate anions in
Mn2(H2O)(C8H12O4)2 are concerned, three carboxylate oxygen atoms each coordinate
one Mn atom and the fourth bridges two metal atoms [12a].

Supplementary data

Crystallographic data (excluding structure factors) have been deposited with
Cambridge Crystallographic Data Centre as supplementary publication CCDC
267523. Copies of the data can be obtained, free of charge, on application to
CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (fax: þ44 1223 336033, or email:
deposit@ccdc.cam.ac.uk).
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