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Synthesis and Crystal Structure of 2D Layer Lanthanum Polymer
Constructed from Pyridine-3,4-dicarboxylate Ligand

LIANG Qing SONG Hui-Hua*
(College of Chemistry and Material Sciences, Hebet Normal University, Shijiazhuang 050016)

Abstract: A metal-organic coordination polymer {[La(PDC)(N-HPDC)]-H,0}, (1) (H,PDC=pyridine-3,4-dicarboxylic
acid) has been hydrothermally synthesized and structurally characterized by X-ray diffraction single-crystal structure
determination, elemental analyses and IR spectroscopy. The complex crystallizes in the monoclinic system, space
group P2//c with a=1.452 8(2) nm, 6=0.681 59(11) nm, ¢=1.464 0(2) nm, B=94.270(2)°, V=1.445 6(4) nm*, D ,=2.243
Mg-m~, Z=4, M,=488.14, F (000)=944, u (Mo Ka)=3.015 mm™', R=0.031 0 and wR=0.076 2 for 2 424 observed
reflections (I>20 (I)). There are La-0-C-O-C-La double chains in the complex. The chelating carboxylate O atoms and
pyridyl N atoms lead the compound to 2D layers structure, which is extended to 3D supramolecular architecture

through intermolecular hydrogen bonds. It is interesting that the polymer containing one-dimensional channels.

CCDC: 708868.
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0 Introduction coordination modes to finish various structures with
honeycomb, brickwall, rectangular grid, bilayer, ladder,

The construction of metal-organic frameworks ~ diamonds and open frameworks™'. However, much

(MOFs) is now of great interest, not only because of
their potential applications in catalysis, photochemistry
and electromagnetism!™, but also owing to their intrigu-
ing architectures and topologies®'?. Among the most
extensively studied metal-organic frameworks are those

based on carboxylate ligands for exhibiting various
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work on MOFs has been focusing on the metal and
symmetrical multicarboxylate ligands system, such as
1,2-benzenedicarboxylate™ and pyridine-2,6-dicarbox-
ylic acid". Recently, studies have shed some light on
asymmetrical multicarboxylate ligands!”. As a member

of asymmetric ligands, pyridine-3,4-dicarboxylic acid
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(H,PDC) containing p-pyridinecarboxylic acid and m-
pyridinecarboxylic acid, showing an excellent building
block with charge and multi-connecting ability™"! has
also attracted more and more attention in recent years
due to their unique structure features™?!. On the other
hand, the lanthanide ions generally adopt higher than
six coordination and, therefore, can become important
building blocks in designing different MOF structures!™.
To the best of knowledge, there has been only a few
reports on polymers constructed by lanthanide metal

and PDC ligand up to now”?. In this paper, we report a
novel lanthanide metal complex {{La(PDC)(N-HPDC)] -
HZO},,.

1 Experimental

1.1 General

LaCl;-6H,0 was prepared by dissolving their
respective oxides in concentrated hydrochloric acid
followed by drying. All the other reagents are of
commercially available and were used as received
without further purification. Elemental analyses (C, H,
N) were determined with an Elemental Vario EL
elemental analyzer. IR spectra were (KBr pellets)
recorded in the 4 000 ~400 ¢cm ™ range with a FTIR-
8900 spectrometer.
1.2 Preparation of {{La(PDC)(N-HPDC)]-H,0}, (1)

A mixture of LaCl;+ 7H,0  (0.125 mmol), pyridine-
3.,4-dicarboxylic acid (0.15 mmol), Sebacic acid (0.062
5 mmol), triethylamine (0.25 mmol) and H,O (6.5 mL)
was mixed in a 23 mL Teflon reactor, which was heated

to 180 C for 7 days, and then was cooled to room

temperature at a rate of 10 °C-h™, colorless needle-like
crystals of compound 1 suitable for X-ray determination
were obtained in ca. 47.8% yield (based on La). The
final pH value was 4. Elemental anal.(%) caled. for
CyHoLaN,Oq: C, 34.45; N, 5.739; H,1.858, found(%): C,
34.05; N, 5.623; H, 1.536. IR data (KBr pellet, v/em™):
3446(m), 1569(s), 1 494(s), 1 419(s), 1 282(m), 1 173(m),
1 121(m), 1 061(s), 879(s), 839(s), 435(s).
1.3 Crystal structure determination

A single crystal with dimensions of 0.48 mmx0.43
mmx0.04 mm was selected for structure determination.
Diffration data was collected on a Bruker smart CCD
area detector diffractometer with graphite-monochro-
matized Mo Ka radiation (A=0.071 073 nm) at 298(2) K
using w-¢ scan technique. A total of 7267 reflections
were collected in the range of 2.79° <6 <25.50°, of
which 2 690 were unique with R;,=0.032 9 and 2 424
observed reflections [I>20([)] were used in the succeed-
ing structure solution and refinements. A semi-
empirical absorption correction with the SADABS was
applied. All non-H atoms and the hydrogen atoms of
water molecules are found from the different Fourier
maps and refined anisotropically. The structure was
solved by direct methods using SHELXS-97* program
and refined by full-matrix least-squares on F? using
SHELXL-97™! program. A summary of the crystallogra-
phic data and refinement parameters are given in Table
1. The selected important bond parameters are given in
Table 2.

CCDC: 708868.

Table 1 Crystallographic data for compound 1

Empirical formula CHoLaN,0y D,/ (Mg-m™)

Formula weight 488.14 ©/ mm™

Temperature / K 298(2) F(000)

Wavelength / nm 0.071 073 Crystal size / mm

Crystal system Monoclinic 0 range / (°)

Space group P2/c Reflections collected / unique
a/ nm 1.452 8(2) Completeness to §=27.48°

b/ nm 0.681 59(11) Data / restraints / parameters
¢/ nm 1.464 0(2) Goodness-of-fit on F

B/ 94.270(2) Final R indices [I>20(])]

V /[ nm® 1.445 6(4) R indices (all data)

z 4 Largest diff. peak and hole / (enm™)

2.243
3.015

944

0.48x0.43x0.04

2.79~25.50

7267 /2 690 (R,,=0.032 9)
99.6%

2690 /3 /235

1.071

R1=0.031 0, wR=0.076 2
R=0.0463, wR =0.0644
979 and -646
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Table 2 Selected bond lengths (nm) and bond angles (°)
La(1)-0(8) 0.243 7(3) La(1)-0(7)ii 0.249 8(3) La(1)-0(5)iii 0.250 0(3)
La(1)-0(6)ii 0.251 2(3) La(1)-O(4)iv 0.261 9(3) La(1)-0(3)iv 0.262 5(3)
La(1)-0(1) 0.264 1(3) La(1)-0(2) 0.267 7(3) La(1)-N(2)iv 0.271 4(4)
0(8)-La(1)-0(7)ii 72.42(11) 0(8)-La(1)-0(5)iii 75.61(11) 0(7)ii-La(1)-0(5)iii 142.15(10)
0(8)-La(1)-0(6)ii 140.96(10) 0(7)ii-La(1)-0(6)ii 68.59(10) 0(5)iii-La(1)-0(6)ii 140.77(11)
0(8)-La(1)-0(4)iv 143.92(10) 0(7)ii-La(1)-0(4)iv 138.20(10) 0(5)iii-La(1)-0(4)iv 79.27(10)
0(7)ii-La(1)-N(2)iv 72.29(11) 0(5)iii-La(1)-N(2)iv 84.59(10) 0(6)ii-La(1)-N(2)iv 86.54(10)
0@)iv-La(1)-N(2)iv 119.46(11) 0@3)iv-La(1)-N(2)iv 69.64(11) 0(1)-La(1)-N(2)iv 152.56(10)

Symmetry modes: i: x, —y+3/2, z—1/2; ii: —x+1, y=1/2, —z+3/2; iii: —x+1, y+1/2, —z+3/2; iv: x, —y+3/2, z+1/2.

2 Results and discussion

2.1 Crystal structure of compound 1

The single-crystal structure shows that the title
compound is a two-dimensional layer structure as well
in which the asymmetric unit contains one lanthanum
atoms, two 3,4-pyda ligands and one lattice water mole-
cule. As illustrated in Fig.1, lanthanum atom is coor-
dinatated with two pairs of oxygen atoms [O(1), O(2),
0(3)iv, O(4)iv] from two chelating carboxylates of N-
HPDC - ligands, one oxygen atom from each of four
bridging carboxylates [O (5)iii, O (7)ii, O (6)ii, O8)Jand
one pyridyl nitrogen [N(2)iv] from PDC?" ligands,
showing a distorted triply capped trigonal prism
geometry. The four carboxylate O atoms of PDC*
ligands are coordinated to three La atoms to form an
triangle in which two O atoms coordinated to the same
La atom becoming the apex of the triangle. These

triangles are in an edge-sharing mode of which bottom
edge makes the formation of La-O-C-O-C-La double
14 @ © s Laii
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Fig.1 Coordination environment of La atom in the

complex with non-hydrogen atoms

chains. The N-HPDC~ ligands are coordinated to adja-
cent La atoms by the chelating carboxylate O atoms
which are located at both sides of the chain as wings
which enlarged the width of the chain into ca. 1.713
nm. The chelating carboxylate O atoms and pyridyl N
atoms lead the compound to 2D layer, which is shown
in Fig.2. The 4-carboxylate oxygen atoms of PDC*"
ligands and uncoordinated N atoms provide the
hydrogen-bonding donor and acceptor to form hydrogen
bonds. The hydrogen bond between chains is N(1)-H(1)
-+ 0(6)v, whose length is 0.284 0(5) nm and bond angle
is 142.5°
interactions of the aromatic ring of N-HPDC ™~ ligands

(Table 3). There are also -7 stacking

with face-to-face distances of ca. 0.339 2 nm. The inter-
molecular hydrogen bonds lead the complex to the
formation of 3D supramolecular architecture as shown
in Fig.3. It is interesting that the three-dimensional
network contains one-dimensional channels (Fig.4). The
approximate dimensions of the channel are 0.55 nm X
0.57 nm. Free water molecules are located in the

channels.

Fig.2 Two-dimensional framework viewed from a axis
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Table 3 Hydrogen bonds and angles for the compound
D-H---A d(D-H) / nm d(H---A) / nm d(D---A) / nm Z(DHA) / ()
0(9)-H(9B)---0(2) 0.085 0.206 0.285 2(5) 155.1
N(1)-H(1)---O(6)v 0.086 0.211 0.284 0(5) 1425
N(1)-H(1)---0(5)v 0.086 0.258 0.316 8(5) 126.6
N(1)=H(1)---0(9)vi 0.086 0.253 0.305 9(6) 120.3
0(9)-H(9A)-+-O(1)vii 0.085 0.206 0.285 2(5) 155.3

Fig.3 Hydrogen bonds interactions linking layers into a

3D supramolecular network
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Guest water molecules included in the channels are omitted for

clarity
Figd Regular parallelogram channels of complex viewed
along b axis
As can be seen from Scheme 1, it should be note-
worthy that carboxylate groups of 3,4-PDC ligands adopt
(1) The N-HPDC -

anion acts as cheating tetradentate ligand towards two

two kinds of coordination modes:

La(lll cations (Scheme 1(a)), with four carboxylic oxygen;
(2) The PDC?™ anion acts as bridging-cheating-bridg-
ing-bridging pentadentate ligand towards the four La(lll)

cation (Scheme 1 (b)), with four carboxylic oxygen and

one nitrogen atom. Interestingly, in three cases pyridine
nitrogen atom participate in coordination. The two types
of H,PDC ligands play a key role in extending the

chains.

O/La\O

La La
~o0 o ~ /
(0] La (e}
=
| o Z | 0—TLa
>
NS
| ;
H La
N-HPDC- PDC*
@ (b)
Scheme 1 Coordination modes of two pyridine-3,4-

dicarboxylate ligands

2.2 IR Spectra

The IR spectrum of the title complex shows
characteristic bands of carboxylate groups of the pydc
ligand at 1569 ¢cm™ for asymmetric vibration and 1419
and 1399 em™ for symmetric vibration. The separations
between V,mcon and Vgmco bands show that the
carboxylate groups coordinate to the metal atoms in a
bridging fashion™. The absence of the characteristic
bands at around 1 700 cm™ in compounds 1 attributed
to the protonated carboxylic group indicates that the
complete deprotonation of PDC ligand upon reaction
with La ion. A new strong characteristic absorption
peak at 3 446 cm™ confirm the presence of the water.
The v(La-0) vibration is also observed at 435 cm™.

These assignments are consistent with the structur al
analysis results.

Reference:

[1] Eddaoudi M, Kim J, Rosi N, et al. Science, 2002,295:469~472



%E"

5 8

T BT 3, 4-M00E IR IR 19 4k AR G WA R R R S5 1 1491

[2] Evans O R, Lin W. Acc. Chem. Res., 2002,35(7):511~522

[3] Kitagawa S, Kitaura R, Noro S. Angew. Chem. Int. Ed., 2004,
43(18):2334~2375

[4] Rao C N R, Natarajan S, Vaidhyanathan R. Angew. Chem. Int.
Ed.,2004,43(12):1466~1496

[5] Devic T, Serre C, Audebrand N, et al. J. Am. Chem. Soc.,
2005,127(37):12788~12789

[6] Batten S R, Robson R. Angew. Chem., Int. Ed., 1998,37(11):
1460~1494

[7] Moulton B, Zaworotko M J. Chem. Rev., 2001,101(6):1629 ~
1658

|8] Eddaoudi M, Moler D B, Li H, et al. Acc. Chem. Res., 2001,
34(4):319~330

[9] Braga D. Chem. Commun., 2003,(22):2751~2754

[10]Braga D, Brammer L, Champness N R. Cryst. Eng. Comm.,
2005,7:1~19

[11]Fujita M, Tominaga M, Horl A, et al. Acc. Chem. Res., 2005,
38(4):369~378

[12]Hill R J, Long D L, Champness N R, et al. Acc. Chem. Res.,
2005,38(4):335~348

[13]Yaghi O M, Li H L. J. Am. Chem. Soc., 1995,117(41):10401~
10403

[14]Hu D X, Luo F, Che Y X, et al. Crystal Growth & Design,

2007,7(9):1733~1737

[15]XIAO Hong-Ping ( M #: *F), ZHU Long-Guan (& J& W ).
Chinese J. Inorg. Chem.(Wuwji Huaxue Xuebao), 2003,19(11):
1179~1184

[16]Huang Y G, Jiang F L, Yuan D Q, et al. Crystal Growth &
Design, 2008,8(1):166~168

[17]Chen W, Yue Q, Chen C, et al. Dalton Trans, 2003,1:28~30

[18]Zhang Q Z, Lu C Z, Xia C K. Inorg. Chem. Commun., 2005,8
(3):304~306

[19]Wang X L, Qin C, Wang E B, et al. Inorg. Chem., 2004,43(6):
1850~1856

[20]Biinzli J C G, Piguet C. Chem. Rev., 2002,102(6):1897~1928

[21]Song H H, Li Y J, Song Y, et al. Journal of Solid State
Chemistry, 2008,181(5):1017~1024

[22]Song H H, Li Y J. Inorganica Chimica Acta, 2008,361(5):
1421~1425

[23]Gu X J, Xue F. Cryst. Eng. Comm., 2007,9(6):471~477

[24]Sheldrick G M. SHELXS-97, A Program for X-ray Crystal
Structure Solution, Gottingen University, Germany, 1997.

[25]Sheldrick G M. SHELXL-97, A Program for X-ray Structure
Refinement, Gottingen University, Germany, 1997.

[25]Wang X L, Qin C, Wang E B, et al. Inorg. Chem., 2004,43(6):
1850~1856



